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ABSTRACT

To determine the reproductive status of the native orchids of the biodiversity “hotspot”, Biological Corridor Tacana-Boquerén, in the
region of Soconusco, southeast Mexico, which are suffering the effects of habitat degradation, unsustainable exploitation and potentially,
climate change, we analysed the species richness, abundance, habitat and abiotic preferences, pollinaria transport and relation to orchid
populations, of male Euglossine bees (Hymenoptera: Apidea: Euglossini) in agroecosystems and forest fragments within the region. Using
volatile baits we trapped 2,480 bees, consisting of 14 species, during a total of 256 hours, of which 284 individuals (11.5%) had pollinaria
of 18 orchid species adhered to their bodies. Three species of Eufriesia (E. caerulescens, E. mexicana, E. rugosa) and one species of Euglossa
(E. villosa) were recorded for the first time. We report Eulaema meriana as the pollinator of the recently rediscovered Plectrophora alata.
We did not detect habitat preferences for the species of Euglossini captured, and they were frequent, or even more frequent, in intensive
coffee plantations, as are many of the orchid species, which can be classified as a disturbed habitat. Bees tended to be more abundant
with increasing light intensity and decreasing humidity at each site. There was little indication of pollinator specificity and the position of
the pollinaria of each orchid species on the bodies of the bees was also variable. We did not recover any pollinaria from various euglossi-
nophylic, epiphytic orchid species present in the region and three bee species showed signs of population decline. However, our results
indicate that many species of orchids with this pollination syndrome are receiving pollination service within an increasingly fragmented
and disturbed environment, suggesting that both the orchids and the bees are adapting to the changes.
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Introduction

Epiphytic orchids are mechanical parasites that live at-
tached to the trunks, branches and twigs of bushes, lianas
and trees and depend on suitable environmental condi-
tions and the availability of host plants, pollinators and
symbiotic fungi to complete their life cycle and maintain
viable, reproductive populations. All these factors are
under threat due to environmental degradation which,
with time, may be exacerbated by climate change. Polli-
nation, as one of these fundamental processes, is difficult
to study in the case of epiphytes due to small, inaccessible
and widely dispersed populations and infrequent, unpre-
dictable visitation by pollinators (Pérez-Hernandez et
al. 2011). To corroborate pollinator decline it is virtually
impossible to separate natural fluctuations, which would
not affect population status in the long term, from true,
threatening declines (Roubik 2001; Thomson 2001). It is
also virtually impossible to determine the characteristics
of a healthy viable population, in terms of how much
space is required, how many populations, how many in-
dividuals per population and in total etc., and not only for
the orchids themselves, but also for interacting pollina-
tors and symbiotic organisms (Wilhere 2008).

The conservation of orchids depends upon the con-
servation of pollinators, symbiotic organisms (Bertolini
et al. 2011) and host plants, some, or all of which may

have an aggregated distribution (Jersakova and Malinova
2007), independently specific habitat requirements and
be infrequent. Although there is little consensus on their
effectiveness, and every organism responds uniquely,
corridors that connect habitat fragments could also be
very important for the maintenance of viable populations
of many species (Gilbert-Norton et al. 2010). Despite
their fame as fragile plants with very specific habitat and
environmental requirements, many orchid species are
surprisingly resilient and some terrestrial species have
been found to be the first plants to colonize new habi-
tats (Jersakova and Malinova 2007), to the extent that
a few species have developed the characteristics of weeds
(Ackerman 2007) and are sufficiently plastic to adapt
to changing environmental conditions, pollinators and
symbionts.

Despite extensive research into the subject, there are
many unresolved questions about orchid pollination, the
subject has been amply reviewed but a few details are wor-
thy of emphasis. Many authors mention pollinator limita-
tion as the most important cause of the low levels of seed
set observed for many orchid species and particularly for
epiphytic and rewardless species (e.g. Ackerman 1986;
Johnson and Nilsson 1999). However, Thomson (2001)
counteracted the assumption that all plants actually re-
quire and can sustain 100% pollination and subsequent
fruit load and Pérez-Hernandez et al. (2011) discussed
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the incongruence of using pollinator limitation as a jus-
tification for low fruit set in orchids and emphasized the
importance of the compensatory vast numbers of seeds
that are produced within each orchid seed capsule that
results from every successful pollination event. The taxo-
nomic diversity of the Orchidaceae is often attributed to
adaptive radiation for specific pollinators driven by selec-
tion for outcrossing, although Tremblay and Ackerman
(2007) suggest that there is very little evidence to support
that hypothesis. The progeny that result from every suc-
cessful pollination event should carry the genetic infor-
mation that relates to the combination of characteristics
that permitted that successful event. However, evidence
suggests that, in the case of many orchids, particularly
rewardless species, there are no consistent and identifi-
able attributes that determine whether a particular flower
is pollinated or not, implying that successful pollina-
tion events occur due to chance or “luck” and are basi-
cally highly improbable (Pérez-Hernéndez et al. 2011). If
that is indeed the case, there is little chance of selection
to increase the likelihood of future successful pollina-
tion events, at best the genetic carry over permits future
generations to remain within the realms of chance. Given
that scenario, for many orchid species it is particularly
difficult to determine whether the levels of pollination,
fruit set and the other various components of sexual re-
production within an orchid population are adequate for
long-term maintenance of viable populations.

This study is an integral part of the work being carried
out by the project “Ecology and sustainable cultivation
of orchids in Soconusco” (ECOSUR-Tapachula, Chiapas,
Mexico) including the pollination of native euglossi-
nophylic species which make up approximately 10% of
orchid biodiversity of the region. We have developed an
image data base of the pollinaria of the orchids of the re-
gion (Nieto and Damon 2008) for the identification of
pollinaria found adhered to the bodies of insects and ani-
mals trapped.

Euglossine bees (Hymenoptera; Apidae; Euglossini)
are frequent visitors that remain at flowers for minutes
rather than seconds, and are fairly easy to trap, whereas
this is certainly not the case for most other species that
pollinate orchids. In a previous study carried out at low
and middle altitudes in other parts of Soconusco region,
Damon and Salas-Robledo (2007) reported the capture of
1480 male euglossine bees, of 11 species, of which 2.7%
carried orchid pollinaria attached to their bodies.

The aim of this study was to determine the repro-
ductive status of the native orchids of the biodiversity
“hotspot”, Biological Corridor Tacana-Boquerén (Prio-
rity Terrestrial Region 135, Conabio), in the region of
Soconusco, southeast Mexico, which are suffering the
effects of habitat degradation, unsustainable exploita-
tion and potentially, climate change (Damon 2011).
To that effect, we present the results of 2 separate stud-
ies of euglossine bee pollination carried out by un-
dergraduate students during the period 2007-2010.

In the largely descriptive first study (Sectionl), dur-
ing one year we studied the diversity of male euglos-
sine bee species present, pollinaria transport and habi-
tat preferences in a wide range of sites within each of
four orchid-rich transects within the Tacand-Boquerén
Biological Corridor. In the second, two month study
(Section 2), we analyzed the abiotic and habitat prefer-
ences of male euglossine bees and hypothesized that
they would prefer natural forest fragments to coffee
agrosystems. We also hypothesized that these male, or-
chid-pollinating bees would prefer the higher humid-
ity and lower temperature, light levels and wind speed
found within each site, as compared to the “edges”, for
both natural forest fragments and coffee agrosystems.

Materials and Methods
Study Area

The Tacana-Boquerén Biological Corridor is situ-
ated in the extreme southeast of the state of Chiapas,
in Mexico, and is recognised as a biodiversity “hotspot”
(CONABIO, RTP-135). The area covers 574 km? between
the coordinates: 14°53'24"'-15°21'36''N and 92°04'12"'-
92°22'12"W (Arriaga et al., 2000) and connects with the
Mesoamerican Biological Corridor. Within the area, the
Tacana volcano is the highest point at 4100 m.

At sea level and on the lower slopes of the Sierra Ma-
dre Mountains are the heavily fragmented remains of the
only perennial tropical humid forest on the Pacific side of
Mexico and Central America. The area also encompasses
tropical montane moist forests (cloud forests), with vary-
ing vegetation composition including pine-oak and pine
forests, now largely given over to coffee production and
extensive cattle ranching. Higher altitudes consist of al-
pine and subalpine ecosystems.

Two independent studies were carried out, Section 1
working within four, 4 km transects during one year, and
Section 2 working within four sites during a period of
two months.

Experimental sites
Section 1

This study was set up to analyse in general the contri-
bution of euglossine bees to the pollination of euglossino-
phylic orchids in the region with no specific hypothesis or
repetitions, and no statistical analysis. We obtained data
concerning the diversity of male euglossine bee species
in the region, pollinaria transport, pollinaria position on
the bodies of the bees, seasonal variation, synchrony with
orchid flowering and habitat preferences.

Based on our experience in the region, we chose four
orchid-rich, 4km transects, representative of the extension
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of the Tacana-Boquerén Biological Corridor and covering

a wide range of habitats and environmental conditions.

Guided by the results of test sampling runs, we excluded

areas, mostly above 1600 m, with low capture rates.
Weather permitting, monthly visits were carried out

to each transect, with a different site chosen each time.

There were a total of 49 visits carried out over a period

of thirteen months. Data for the final two months were

incomplete and for some parts of the analysis data are in-

cluded for only eleven months (May 2009 — March 2010).
We chose transects centred on the following rural

communities:

1. Fraccién Montecristo, Municipality of Cacahoatan, al-
titude range 1401-1435m. The transect included tra-
ditional, shaded coffee plantations and intensified cof-
fee plantations with Inga micheliana Harms (Fabaceae)
as the shade tree.

2. Benito Judrez “El Plan’, Municipality of Cacahoatén,
altitude range 1057-1464 m. Buffer zone of the Bio-
sphere Reserve “Volcan Tacand”. The transect included
traditional, shaded coffee plantations with a variety of
native trees as shade, and intensified coffee plantations
with I. micheliana.

3. Santa Rosalia, Municipality of Tapachula, altitude
range 579-1410m. The transect included mainly tra-
ditional, shaded coffee plantations, with some high-
ly intensified plantations semi-shaded with heavily
pruned I. micheliana and/or timber trees. Some of the
plantations have mature tree ferns.

4. Boquerdn Buenavista, Municipality of Motozintla,
altitude range 1018-2155m. The transect included
patches of pine and oak-pine forest, traditional shad-
ed coffee plantations and intensified plantations with
I. micheliana and a few full sun coffee plantations.

Section 2

To analyse in detail the effects of habitat and abiotic
environmental conditions upon euglossine bee abun-
dance, species richness and pollination activity, during
two months (June and July 2010) we used volatile baits to
trap male euglossine bees in four sites, consisting of two
coffee plantations and two forest fragments. Further-
more, each site was divided into two sections, “edge” and
“centre”, to indicate whether bees might be affected by
the environmental changes caused by habitat fragmen-
tation and deforestation. “Edges” were next to a path or
clearing, and “centres” were areas up to 20 m within the
coffee plantation or forest fragment where the vegeta-
tion was denser and abiotic conditions less extreme and
more stable.

The coffee plantations were: Perd-Paris (PP), Munici-
pality of Tapachula, at 941 m, and Llano Grande (LG),
Municipality of Motozintla, at 1121 m.

The forest fragments were in Belisario Dominguez
(BD), Municipality of Motozintla, at 506 m and Pelo-
poneso (P), Municipality of Tapachula, at 1297 m.

Habitat preference

Differences in bee abundance between sites and habi-
tats (forest fragments and coffee plantations) were com-
pared using a parametric ANOVA test. “Edge” and “cen-
tre” effect on bee abundance was estimated using a t-test.

Abiotic data

Using a climate metre (LM-8000) and compass, data
were taken every 30 min, of temperature (°C), humidity
(RH%), light level (Lux), wind speed and wind direction
(km/hr). The timing of every bee capture was recorded
and later integrated with the abiotic data.

The environmental variables of temperature, relative
humidity and light intensity, were averaged over the three
baits set up for each site, “edge” and “centre”. Average val-
ues over 30 minutes were analyzed using linear regres-
sions and correlation analysis. To estimate the effect of
these variables within each sampling site and over the
four sites we conducted analyses of variance (ANOVA)
for the total number of bees collected, for the most abun-
dant genera (Euglossa) and for each of the two most abun-
dant species (Euglossa tridentata and E. viridissima). For
the analysis we summed the total number of bees collect-
ed in each 30 minutes time period. Bee abundances were
transformed using log(x + 1) to homogenise variances.

Species richness and abundance

Diversity indexes were calculated using EstimateS
software (Version 8.2, R. K. Colwell, http://purl.oclc
.org/estimates); a-diversity indices of Simpson (1/D, re-
ciprocal value listed) and Shannon (H) were calculated.
Although diversity indices have no intrinsic biological
meaning, they are useful for comparing the combina-
tion of the number of species (richness) and their relative
abundance (evenness) among communities.

To compare species abundance between the four
sites, an evenness measure (E1/D) was calculated by di-
viding the Simpson index by the number of species in
each sample.

In all cases unidentified species were not included in
the analysis.

Volatile Baits (Applicable to Sections 1 and 2)

As a result of previous research into the fragrance
preferences of euglossine bees in the Soconusco region
(Damon and Salas-Robledo 2007, and unpublished data)
and the analysis of the composition of a wide range of
orchid fragrances (Del Mazo-Cancino and Damon 2007;
Velasquez Velasco 2007), we selected the following vola-
tile substances as baits in this study: For Section 1 of the
study: 1,8-cineole, eugenol, methyl salicylate, methyl cin-
nemate, p-cymene, p-dimethoxybenzene and vanilla, and
for Section 2: cineole, eugenol and methyl cinnamate. We
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soaked cotton dental rolls with the individual substances
which were hung 5 m apart, at head height, from twigs
and branches, using thin, grey, plastic-covered wire. The
baits were set up at 09.00 hrs and removed at 13.00 hrs, af-
ter which time activity declined and the rain began (June
to November).

The baits were checked in sequence approximately
every 30min. For both sections, bees carrying pollinaria
were placed into killing jars with Vaportape II" (Bioquip),
labelled with details of bee species, date, site, volatile sub-
stance and time of capture, and taken to the Scanning
Electron Microscope (SEM) Laboratory in ECOSUR,
Tapachula for identification of the pollinaria. To prevent
recapture, bees without pollinaria were stored in large jars
with one extreme sealed with mosquito netting, in the
shade, to avoid overheating and suffocation, and released
at the end of the sampling period. The bees without pol-
linaria were only identified and included in the analysis
in Section 2 of the study.

Identification of orchid pollinaria
(Applicable to Sections 1 and 2)

In the SEM Laboratory of ECOSUR, Tapachula, first,
a photograph was taken of each bee with the pollinaria
adhered to the body and then the pollinaria were re-
moved. The pollinaria were mounted ready for obser-
vation using the SEM Topcon SM 510 as described in
Nieto and Damon (2008). Photographs of the pollinaria
were taken under low vacuum and compared with the
image data base “Orchid Pollinaria of Southeast Mexico”
(Nieto and Damon 2008). Photographs of the pollinaria
obtained in Section 1 of the study are included in Her-
nandez-Ramirez (2010).

Results and Discussion

Total euglossine bees captured, capture rate,
pollinaria transport

In Section 1 of the study (Hernandez-Ramirez 2010)
we carried out 49 visits during 13 months, giving a total
of 196 hours of trapping, in which 1229 male euglossine
bees were caught, consisting of 9 species from 3 genera.
Of those, 221 individuals (18%) had pollinaria of 15 or-
chid species adhered to their bodies.

During the two month period of Section 2 of the study,
with a total of 60 hours, 1251 male euglossine bees were
trapped, consisting of 14 species from 4 genera. Of those,
63 individuals (5%) had pollinaria from 8 species of or-
chids adhered to their bodies.

Combining the two studies, three species of Eufriesia
(E. caerulescens, E. mexicana, and E. rugosa) and one spe-
cies of Euglossa (E. villosa) were recorded for the first time
in the region, all of which, except for one specimen of
E. mexicana, were not carrying orchid pollinaria when

trapped. We report Eulaema meriana as the pollinator of
the recently rediscovered Plectrophora alata.

Comparing our data with the results reported by Da-
mon and Salas-Roblero (2007), in which 1480 individ-
ual bees of 11 species were captured in two sites during
a period of one year, totalling 120 hours (approximately
12 bees per hour), in Section 1 where 49 different sites
were visited during a period of one year, the capture rate
was half that rate, at 6 per hour, and in the four sites of
Section 2, much higher, at 20 per hour, bearing in mind
that in the case of Section 2, bees were trapped only
during June and July. The percentage of bees carrying
pollinaria was notably higher in Section 1, at 18%, and
slightly higher in Section 2, at 5%, compared with 2.7%
obtained by Damon and Salas-Roblero (2007). These re-
sults suggest that euglossinophilic orchids continue to
receive adequate pollination service in the region, de-
spite increasing deforestation and other types of habitat
fragmentation and deterioration, and we might even pro-
pose that many species of euglossine bees are adapting
successfully to these changes. However, one species, Eu-
glossa mixta, which appeared at the baits in 2007, was not
observed in either Section 1 or 2, and the two Eulaema
species (E. cingulata and E. meriana) were less frequent,
which may indicate decline of these species in the area
and be a cause for concern.

Position of pollinaria transported by eugossine bees

We noted the position of the pollinaria on the bod-
ies of the bees and contrary to current opinion, position-
ing was not as specific as expected; in the case of Lycaste
sp., Mormodes lineata, Notylia barkeri, Stanhopea saccata
and Trichocentrum candidum the position was particu-
larly variable; pollinaria of these orchids were also carried
by a variety of species of bees. This might imply that the
pollination service was ineffective and that the pollinaria
might be less likely to reach its destination or maybe that
precision of placement is not specific and not as impor-
tant for effective pollination, as previously thought? It is
interesting to note that all these species, except for Lycaste
sp., are amongst the most abundant species in the region
and that could be due to a certain degree of flexibility in
terms of pollinators and pollinaria placement.

Seasonal variation

The number of bees captured and the percentage that
was carrying orchid pollinaria at the moment of capture
was highly variable between these two studies and the
Damon and Roblero (2007) study with considerable sea-
sonal variation. As shown in Fig. 1, in Section 1 of this
study (Hernandez-Ramirez 2010) by far the most bees
were trapped in June, coinciding with the highest per-
centage of bees carrying pollinaria. Captures were also
higher in July, August, September which are all rainy sea-
son months, and December in the dry season. However,
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Fig. 1 Section 1. Number of individual euglossine bees, with and without pollinaria attached to their bodies, captured between May 2009

and March 2010, in four, 4 km transects within the Tacana-Boquerén Biological Corridor.

Damon and Roblero (2007) reported similar numbers of
most of the euglossine bee species throughout the year,
except for a peak in numbers of E. viridissima observed in
June in the site at 900 m, and a peak in numbers of E. tri-
dentata in the coastal site at 80 m in the early dry season

months (October to February), with much lower num-
bers from April (still dry, the rain season begins in May
or June) until the end of the rainy season (September).

Opverall the variation of numbers of bees trapped and
the absolute numbers of pollinaria and percentage of bees

Table 1 Epiphytic, euglossinophylic orchids of the Biological Corridor Tacana-Boquerdn: Timing of flowering, and transport of pollinaria

by euglossine bees.

Data are included for Section 1 and Section 2 of this study, as well as data from Damon and Salas Roblero (2007) and other observations dur-
ing the 10-year period of studying orchids in the region. Three types of pollinaria were identified to genus level because of lack of images
of other candidate species. Various pollinaria could not be identified as they did not coincide with any of the pollinaria so far characterized.

Month

Orchid species

Observed flowering in the region (X)
Period of capture of euglossine bees carrying pollinaria (shaded)

\%

Vv

Vi

Vil

Vil

IX

X

Xl

Xl

Catasetum integerrimum Hook

X

X

X

X

X

X

Cycnoches egertonianum Bateman

X

Cycnoches ventricosum Bateman

X

Gongora cassidea Rchb.f.

Gongora tridentata Whitten

Guarianthe skinneri (Bateman) Dressler and W.E. Higgins

Kefersteinia lactea (Rchb.f.) B.D. Jacks.

Lockhartia verrucosa Lindl. ex Rchb.f.

Lycaste cruenta Lindley

Lycaste sp. (possibly L. aromatica (Graham ex Hook.) Lindl.)

Meiracyllium trinasutum Reichb.f.

Mormodes lineata Bateman ex Lindley

X [ X | X [ X

>

Mormodes sp. (possibly M. aromatica Lindl.)

Notylia barkeri Bateman ex Lindley

Plectrophora alata (Rolfe) Garay

Sobralia decora Bateman

Sobralia macrantha Lindl.

Sobralia sp. (possibly S. macdougallii Soto Arenas, Pérez-Garcia and Salazar) X

X | X | X | X |[X

Stanhopea saccata Bateman

Trichocentrum candidum Lindley

Trichopilia tortilis Lindley
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carrying pollinaria did not follow any particular pattern,
there are many factors, such as rainfall, availability of oth-
er resources, human intervention, bee life cycle, preda-
tion and disease etc. that contribute to such fluctuations.

Table 1 shows that there is some overlap between the
timing of flowering of each euglossinophilic orchid spe-
cies in Soconusco region and the timing of the capture of
euglossine bees carrying pollinaria. However, many pol-
linaria-carrying bees were captured outside the observed
flowering times, suggesting that those pollinaria might
be lost to the population for reproduction purposes, or
that there are a few populations of orchids with unusual
flowering times. Of the 21 euglossinophylic species that
we have observed in the region, for 3 species we have nev-
er captured bees carrying their pollinaria, including the
charismatic and over exploited G. skinneri, now virtually
extinct in the wild but still abundant and often pollinated
in home gardens. Various other euglossinophyllic species
have been recorded historically in the region but may
now be extinct (Damon 2011).

Abiotic effects

In Section 2 of the study we compared the variation
in abundance of orchid bees with abiotic factors in rem-
nants of tropical forest (forest fragments) and in coffee
plantations, per genus (Fig. 2) and per species of Euglossa
(Fig. 3). Observed trends in abundance were driven by
data collected for the dominant species, E. tridentata and
the low sample sizes of various species prevented com-
parisons between them.

Contrary to our hypothesis, in general, bees tended
to be more, not less, abundant with increasing light
intensity and decreasing humidity at each site. Analy-
sis of variance (ANOVA) showed a significant effect of
light intensity and relative humidity on the distribution
of abundance of male euglossine bees within the sites,
(humidity: F, ,;, = 58.38, P << 0.001; and light intensity:
F| 53, =427, P <0.05, R-Sq(adj) = 35.78%). Temperature
was not significant overall although numerical increase
in bee abundance at higher temperatures was observed
in various cases.

T-tests demonstrated significant differences in envi-
ronmental conditions between “edge” and “centre” posi-
tions within each sampling site. In general, temperature
and light intensity were highest and humidity lowest at
the “edge” with greater variation in all parameters at the
“edge”. However, despite the different abiotic conditions,
and the abiotic preferences mentioned previously, anal-
ysis did not confirm an interaction between bee abun-
dance and the “edge” or “centre” of each site (F, ,;, = 3.30;
P =0.071), suggesting that small scale abiotic variation is
not necessarily a deterrent to euglossine bee movements.
Nevertheless, “edges” in general had slightly more bees
than in the centre, although this may have been due to
other unmeasured variables influencing odour dispersal,
sampling ease, and visibility.

Euglossine abundance

Changes in abundance with variations in environ-
mental parameters was not surprising as several resourc-
es necessary to male euglossines, such as food and the
production of fragrances, are sensitive to abiotic changes.
Although our results suggest that bees respond to ephem-
eral local conditions, such as humidity and light inten-
sity, whether or not these variables are the factors that
determine distribution, habitat preferences and seasonal
fluctuations is a subject for further study.

In Section 2, the most common species was Euglossa
tridentata (45.63% of all specimens), followed by E. virid-
issima (18.86%). The four sites varied significantly in the
total abundance of bees captured (F; ,;, = 49.61; P <<
0.005; R-Sq = 38.39%), with the two coffee plantation sites
(LG, PP) having the highest abundance of bees. ANOVA
indicated significant differences in the abundance of the
dominant species, E. tridentata (133’23 4 =59.47; P <<0.001).

Species richness

To compare bee diversity in the four sites, we plot-
ted the relative number of individuals against their rank
to obtain an estimate of species richness and evenness.
Rank-abundance curves for PP, and PEL sites were topo-

y=-0.31x+28.0

30 A R*=0.38

25 + *

MNumber of bees

40 50 60 70 80 90 100

Average humidity (%)
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©  Eufriesia
25 & Euwlema
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e
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c y = 0.0005x + 2.10
R'=0.22
25 - .
-
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151 3 *e .

=]

Number of bees

o

e
Average light intensity (Lux)
Fig. 2 Section 2. The relation between the abiotic factors and the
abundance of bees of the tribe Euglossini, per genus. A. Relative
Humidity (%), B. Temperature (°C), C. Light intensity (Lux).
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§ - *
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Fig. 3 Section 2. The relation between the abiotic factors and the
abundance of Euglossa bees, per species. A. Relative humidity (%),
B. Temperature (°C), C. Light intensity (Lux).

logically equivalent, indicating similar diversity; BD was
also similar, with Euglossa tridentata being the dominant
species, although it appeared to be more diverse with
more Exaerete spp. Compared to other sites. LG is very
different, with E. viridissima being the most dominant
species and E. tridentata being relatively rare. Although
close to BD, LG may be more biogeographically related
to the Motozintla-Boquerdn area with different climatic
patterns and vegetation than the Tacana-Tapachula bio-
geographic zone.

The diversity indexes (Table 2) also show similarities
between the sites, independent of habitat type, level of
disturbance and altitude. PEL had the highest diversity
but the lowest abundance of bees collected. This may re-
late to the presence of virgin forest nearby, as for some
organisms, diversity is usually higher and frequency of
individuals of each species is usually lower in virgin trop-
ical forest habitats, with individuals of a species widely
dispersed and separated. However, many euglossine spe-
cies are opportunistic foragers which are more frequently
found in disturbed habitats, and the presence of the virgin
forest nearby may be unfavourable for them. The domi-
nance of E. tridentata was responsible for the general
lower diversity index values at PP. A similar pattern oc-
curred at LG, where the second most abundant species,
E. viridissima, comprised a relatively larger proportion of
the total number of individuals.

Our results revealed general activity patterns and some
aspects of the response of euglossine bees to habitat qual-
ity. Combining Sections 1 and 2, habitat, as we defined it
(various types of coffee agroecosystems, forest fragments,
disturbed versus natural habitats), did not appear to be
a major determining factor of euglossine bee abundance
and diversity. Volatile baits and natural orchid flower
volatiles disperse in air and the nature of the vegetation
may intervene significantly in that process and could have
influences our results. However, in Section 2 of the study,
differenced in bee abundance between coffee plantations
and forest fragments were statistically significant (F, ,;, =
82.17, P << 0.00, R-Sq(adj) = 25.65%), with most bees be-
ing caught in coffee plantations. That difference, however,
was probably due to the fact that one of the coffee plan-
tation sites (PP), had an unusually high bee abundance
(N =669, 53.5% of bees caught in all four sites). Although
we cannot conclude a significant habitat effect, our results
show that euglossine bees can be abundant in intensively
managed coffee plantations.

With more research we should find certain compo-
nent factors that determine whether a euglossine species
is present and can flourish within a site, such as a key
food source, or nesting substrate, etc. Female euglossines
do not usually visit scented baits, so in all of these studies
only the males were monitored, with no information on
the response of females to the variables tested.

In the case of orchids, habitat certainly is a defining
factor for many species and Trichocentrum candidum was
the only species that was found in all the habitats visit-
ed in Section 1 of this study, from natural, undisturbed
vegetation to full sun coffee plantations. Our research in
the region has revealed that the majority of orchids are
restricted to protected areas and forest fragments, with
only approximately 10% behaving as flexible, “weedy”, op-
portunistic type species. However, within that scenario,
many of the euglossinophylic, epiphytic orchid species are
presently more frequent in coffee plantations rather than
in forest fragments or undisturbed forest (Damon 2011).

Although some evidence (e.g., Brosi 2009) suggests that
fragment size affects euglossine bee abundance, with more
bees present in larger fragments due to greater availability
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of resources, the literature mostly supports evidence that
euglossine bees forage in disturbed habitats. Tonhasca et
al. (2002) and Rasmussen et al. (2009) did not find signifi-
cant differences in euglossine communities between con-
served and fragmented/disturbed habitats. Cane (2001)
found a great diversity of euglossine bee species in highly
fragmented and disturbed sites and Otero and Sandino
(2003) reported higher diversity in secondary forest and
agroecosystems. In this study, species composition was
fairly similar between sites, but bees were clearly more
abundant in one of the transects in Section 1 of the study,
with the most intensive, semi-shaded coffee plantations.

A high proportion of accessible land between 500 and
1600m in the Tacana-Boquerdn Biological Corridor is
given over to coffee production and our results indicate
that all types of coffee plantations, from traditional, rustic
systems with original forest trees as shade to full sun cof-
fee, may be suitable habitat for most euglossine bee species,
and may serve as suitable conservation areas for euglossine
bees. In Section 2 of the study the total number of bees was
highest in the coffee plantations, with the most disturbed
plantation (PP), having a significantly higher abundance
and a comparable richness of euglossine bee species.

Euglossine bees and euglossinophylic orchids in Soconusco,
southeast Mexico

In the literature, we understand that approximately
10% of American orchid species are pollinated by eugloss-
ine bees, and from our list of 293 orchids registered for the
Tacana-Boquerdn Biological Corridor we might expect
approximately 29 euglossinophilic species. However, we
found pollinaria of only 18 species of orchids, and men-
tion another 3 that we have observed in the region, and
presume or know to be euglossinophilic, but for which we
have no evidence of pollinaria transport. This may indi-
cate crisis point for those species, either because of insuf-
ficient pollination service due to increasing scarcity or
extinction of specific euglossine pollinators, or because of
declining population levels of orchids due to habitat loss.
However, it is also possible that some of these supposedly
euglossinophilic orchids have always been, or have more
recently adapted to other, non-euglossine pollinators.

Orchids are usually considered to be specific to one
species of pollinator or at most two or three. However, in
this study, only three of the euglossinophylic, epiphytic
orchid species were found to have their pollinaria trans-
ported by only one species of euglossine bee, these be-
ing Catasetum integerrimum, Cycnoches ventricosum, and
Plectrophora alata, of which C. integerrimum is a very
frequent, “weedy species”, C. ventricosum, is a threat-
ened species and P, alata is rare. Pollinaria of Trichopilia
tortilis and Lycaste cruenta, less frequent but not threat-
ened species, and of Kefersteinia tinschertiana, a threat-
ened species, were found on two euglossine bee species.
Various species are clearly generalist. Notylia barkeri and
Mormodes lineata are frequent species found in disturbed

habitats and their pollinaria have been found on five spe-
cies of euglossine bees in the region, whereas Stanhopea
saccata and Trichocentrum candidum also frequent in
disturbed habitats and have their pollinaria transported
by 6 species of euglossine bees. Similarly, Euglossa triden-
tata has been found with pollinaria of 10 orchid species,
E. atroveneta with 9 and E. viridissima with 8.

Some of the orchid species in this study flower variably
and intermittently throughout the year, for example N.
barkeri and T. candidum, whereas others, such as C. ven-
tricosum, K. tinschertiana, and S. saccata have more re-
stricted and specific flowering times. Flowering times of
these species may be stimulated by discrete abiotic factors
such as changes in temperature or rainfall, which have
become increasingly erratic in the region as a result of
deforestation and possible climate change.

The newly registered species of euglossine bees were
found in limited areas that probably indicate geographic
limits, not necessarily habitat preferences. E. caerulescens
and E. villlosa were found in the northern extreme of the
region and E. rugosa at the southern extreme. We have no
data concerning the orchid species frequented by these
bees.

According to Winkler et al. (2009), for studying the
population dynamics of epiphytic orchid species, both lo-
cal (within host tree) and regional (between trees) proc-
esses and the development of metapopulation models are
important. There is competition for seeds to colonize new
but potentially inadequate sites and to continue populat-
ing the safe area surrounding the mother plant where my-
corrhizal fungi are presumably available to facilitate the
germination of the seeds. Most recruitment occurs within
the vicinity of the mother plant and the long distances
flown by euglossine bees may, therefore be particularly
important for maintaining genetic diversity and promot-
ing interchange at a metapopulation level. Although the
low levels and unpredictability of pollination would serve
to minimize that effect, they are compensated by the fact
that each successful pollination event produces thou-
sands to millions of seeds (Damon and Valle-Mora 2008;
Hernandez-Pérez et al. 2011).

In general, it appears that orchid pollinator availability
is very variable in Soconusco; this question must be taken
into account when planning for sustainable orchid pro-
duction and conservation in the region. While this study
shows that euglossine bees are present and available as
pollinators, and adaptable to forest fragments and coffee
agroecosystems, if orchid numbers continue to decline,
attention of available insects may be diverted towards
new and richer sources of nectar, resins and fragrances,
and in the long term this particular mutualism may reach
an evolutionary dead-end and disappear.

Volatile baits

As usual, cineole and P-dimethoate were the substanc-
es that attracted most bees, and eugenol and vanillin also
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attracted substantial numbers of bees. Unusual or notable
results were that a methyl salicylate bait attracted an in-
dividual of E. meriana, methyl cinnamate baits attracted
various individuals of Euglossa crininota and for the first
time P-cymene was used and attracted a single individual
of E. tridentata. The fragrance of the bait where a bee is
trapped appears to have no relation to the fragrance of
the orchid whose pollinaria the bee is carrying. Euglos-
sine bees do not depend on orchids and their objective
is to accumulate quantity and quality of fragrance ele-
ments. However, the orchid does depend on the bee for
pollination and requires that the pollinaria-carrying bee
visits at least a second flower, and hopefully a series of
flowers of the same species, and for that, euglossine bees
are mostly guided by fragrance. Orchid fragrances can be
very complex and to date no research has been carried
out to determine the active substances in the fragrances
of specific species.

Conclusions

Our results showed that euglossine bee abundance was
significantly related to relative humidity and light inten-
sity, marginally related to habitat type and not related to
position within each site (“edge” or “centre”). Most bee
species were frequent or even more frequent in intensive
coffee plantations, which can be classified as a disturbed
habitat.

The results contradict some of the paradigms related
to orchids, for example, for the 18 species of euglossino-
phylic, epiphytic species for which we recovered pollinar-
ia, there was little indication of pollinator specificity and
the position of the pollinaria of each orchid species on the
bodies of the bees was also variable.

We did not recover any pollinaria from the euglossino-
phylic, epiphytic orchid species of the genera Dichaea, or
of Acineta barkeri, Clowesia russeliana, Gongora tridenta-
ta, Guarianthe skinneri, Lockhartia verrucosa, various spe-
cies of Stanhopea, Sobralia, and Vanilla sp. all registered in
the region. We have trapped bees in all months of the year
and in a wide range of locations throughout the region,
suggesting that there is indeed a problem with the polli-
nation of these species. Similarly, the bee species Euglossa
mixta, Eulaema cingulata, and Eulaema meriana may be
in decline in the region and be a cause for concern.

In general our results indicate that 18 species of eu-
glossinophyllic epiphytic orchids are receiving polli-
nation service within an increasingly fragmented and
disturbed environment, including intensively managed
coffee agroecosystems. It appears that both orchids and
bees are adapting to the changes, becoming more general-
ist, sharing resources and we might see convergent evolu-
tion in action in the long-term. The results also indicate
that a similar number of orchid species supposedly with
this pollinator syndrome are possibly now not receiving
pollination services (or at least not by euglossine bees)

and may suffer declines in their populations in the me-
dium and long term, or a change of pollinator.
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