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Floral visitors of Mormodes maculata (Orchidaceae,
Catasetinae) and pollinarium placement on a specialized
orchid bee

. Visitantes florales de Mormodes maculata (Orchidaceae,
ActaBotanica gtaserinae)y colocacion de polinarios sobre una abeja de
Mexicana orquideas especializada

Alvaro Hernandez-Rivera'"®, Paulo Milet-Pinheiro?®, Brandon E. Gutiérrez-Rodriguez®®
Juan David Sanchez-Rodriguez*“®

Abstract:

Background and Aims: Mormodes is the only orchid genus exhibiting floral handedness (enantiostyly), a trait presumed to promote cross-pollination.
Despite this unique floral morphology, little is known about its reproductive biology or pollinators. The aim of this study was to characterize the floral
visitors of two varieties of Mormodes maculata and assess the subsequent positioning of their pollinarium.

Methods: We conducted field observations on 12 flowering individuals of Mormodes maculata representing two floral varieties, M. maculata var.
maculata and M. maculata var. unicolor. We observed, captured, and identified floral visitors and documented the specific body region of the bee
where the pollinia were attached.

Key results: We identified Euglossa obrima as the pollinator of Mormodes maculata after observing an individual carrying a laterally attached polli-
narium, consistent with the flower’s handedness. We also recorded Eulaema polychroma as an occasional floral visitor, exclusively to M. maculata
var. maculata, but without evidence of effective pollination.

Conclusions: Our findings reveal a highly specialized pollination mechanism in Mormodes maculata, driven by the interaction between floral
handedness and a specialized orchid bee. This high degree of specialization should be considered when developing conservation strategies for the
species.
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Resumen:

Antecedentes y Objetivos: Mormodes es el Unico género de orquideas que presenta lateralidad floral (enantiostilia), un rasgo que presumiblemente
favorece la polinizacién cruzada. Sin embargo, su biologia reproductiva y las especies responsables de su polinizacion permanecen escasamente es-
tudiadas. El objetivo de este estudio fue caracterizar a los visitantes florales de dos variedades de Mormodes maculata y evaluar el posicionamiento
posterior de sus polinarios.

Métodos: Realizamos observaciones de campo en 12 individuos de Mormodes maculata en floracién, correspondientes a dos variedades, M.
maculata var. maculata y M. maculata var. unicolor. Observamos, capturamos e identificamos sus visitantes florales y documentamos la posicidn del
polinario sobre una parte especifica del cuerpo de una abeja visitante.

Resultados clave: Identificamos a Euglossa obrima como el polinizador de Mormodes maculata, al registrar un individuo portando los polinarios
adheridos lateralmente, en concordancia con la lateralidad de la flor. Ademas, registramos a Eulaema polychroma como visitante floral ocasional,
exclusivamente en M. maculata var. maculata, sin evidencia de que actuara como polinizador efectivo.

Conclusiones: Nuestros resultados evidencian un mecanismo de polinizacion altamente especializado en Mormodes maculata, determinado por
la interaccidn entre la lateralidad floral y una abeja de las orquideas especializada. Este elevado grado de especializacion debe considerarse en las
estrategias dirigidas a la conservacion de la especie.

Palabras clave: abejas euglosinas, lateralizacidn floral, orquideas perfumadas, polinizacion.
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Introduction

In Neotropical forests, a unique pollination strategy has
evolved in some 700 orchid species, in which flowers pro-
duce scents that function as both attractant and reward
for specialized pollinators, the so-called “perfume flower”
syndrome (sensu Vogel, 1966; Dressler, 1968). The scents,
which are composed of a complex mixture of volatile and
semivolatile organic compounds (VOCs and SVOCs, respec-
tively), are collected exclusively by male orchid bees (Api-
dae, Euglossini), which concoct species-specific perfumes
to use during courtship displays at mating sites (Henske et
al., 2023). Perfume flowers are particularly diverse in the
Neotropical subtribe Catasetinae (Orchidaceae) (Acker-
man et al., 2023; Liu et al., 2025).

Catasetinae embraces about 300 species showing
a specialized pollination mechanism, in which the stipe
forcefully ejects the pollinarium onto the pollinator’s body
(Darwin, 1877; Dodson, 1962; Pérez-Escobar et al., 2016).
While the mechanical aspects of the pollination mecha-
nisms of Catasetinae have been studied for over a century
(Darwin, 1877; Dodson, 1962; Dressler, 1968), the genus
Mormodes Lindl. exhibits a unique morphological variation
that has been only recently formally recognized among or-
chids: a lateral twisting of the column that causes repro-
ductive organs to face opposite directions (Domingos-Me-
lo et al., 2025). These structures may deviate either to the
right (R-morph) or to the left (L-morph) within the same
individual, representing a form of monomorphic enantio-
styly (Almeida and de Castro, 2019). It has been hypothe-
sized that this strategy of mirrored flowers is to enhance
outcrossing by placing pollen on a specific side of the
pollinator, which corresponds to the position of the stigma
in the opposite floral morph (Almeida and de Castro, 2019;
Barrett and Fairnie, 2024; Domingos-Melo et al., 2025).

Despite Catasetinae being one of the best-studied
orchid groups in the Neotropics, basic aspects of the re-
productive biology (e.g., pollinators, flower phenology)
of more than 85% of the Mormodes species remain com-
pletely unknown (Pessoa et al., 2025). This knowledge gap
is particularly critical because most Mormodes species are
rare and typically rely on a single or a few pollinator spe-
cies for successful pollination (Silva et al., 2025). The lack
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of such fundamental biological information severely limits
the development of effective conservation strategies for
these orchids (Schemske et al., 1994). Consequently, the
loss of the pollinator may directly compromise plant via-
bility and should therefore be considered a key criterion
in species risk assessments. The objectives of this study
were to provide the first field observations of pollinators
visiting two varieties of Mormodes maculata (Klotzsch)
L.0.Williams and to report the positioning of pollinarium
on the bees.

Materials and Methods

Study species

The genus Mormodes comprises 87 saprolignophilous
epiphytic species (POWO, 2026) distributed throughout the
Neotropics, from Mexico to Brazil and northern Argentina
(Salazar-Chavez, 1999; Romero et al., 2009). Mormodes
maculata is endemic to Mexico, occurring along the Sierra
Madre Oriental and its confluence with the Trans-Mexican
Volcanic Belt (sensu Morrone et al., 2017; Fig. 1).

This species grows primarily on dead branches, dead
trees, stumps, and fallen trunks, and only occasionally as
a terrestrial on embankments (Fig. 2A). This species com-
prises two accepted varieties (POWO, 2026): Mormodes
maculata var. maculata, known exclusively from the
mountainous massif of northern Oaxaca and the adjacent
portion of Veracruz (southern distribution), and Mormodes
maculata var. unicolor (Hook.) L.O.Williams, distributed in
the Huasteca region (Querétaro and Hidalgo), Puebla, and
central Veracruz (northern distribution) (Fig. 1; Salazar-
Chavez, 1999). Both varieties co-occur in central Veracruz
and can be distinguished by their floral coloration, which
ranges from lightly or densely spotted with wine-red in M.
maculata var. maculata to homogeneous lemon-yellow to
canary-yellow in M. maculata var. unicolor (Fig. 2B, C, D).
It inhabits humid pine-oak forests, montane cloud forests,
and the ecotone between these communities and tropical
evergreen forests, at elevations ranging from approxima-
tely 600 to 2200 m (Rzedowski, 2006).

Mormodes maculata starts flowering from ear-
ly June to early September. It develops an arched inflo-
rescence up to 50 cm long, which bears as many as 30
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Figure 1: Study area. The yellow circle represents the location of the study site in, Mexico; purple triangles and blue circles represent the distribution
of the two Mormodes maculata (Klotzsch) L.O.Williams varieties (adapted from Salazar-Chavez, 1999). Elaborated by Alvaro Hernandez-Rivera.
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Figure 2: Mormodes maculata (Klotzsch) L.O.Williams: A. plant during vegetative state; B. Mormodes maculata var. maculata; C. Mormodes
maculata var. unicolor (Hook.) L.O Williams; D. close-up to a flower. Photos by Alvaro Hernandez-Rivera.
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conspicuous flowers (Salazar-Chavez, 1999). Its flowers
are approximately 5 cm long and emit a strong and sweet
scent. Mormodes maculata is currently considered a high
conservation priority species in because is listed as Threat-
ened under the Mexican laws (Sanchez-Velasquez et al.,
2008; SEMARNAT, 2010).

Floral visitors

We monitored floral visitors on 12 individuals of Mormodes
maculata between June and September 2025, correspond-
ing with the species’ flowering season (Salazar-Chavez,
1999). Visitors were observed on ten individuals of M.
maculata var. unicolor and two individuals of M. maculata
var. maculata. Observations were conducted during sunny
or partially sunny mornings for at least one hour per plantin
the morning (ranging between 09:00-12:00 h), when orchid
bees are most active, and floral scent emission is strongest
(Roubik and Hanson, 2004). For each inflorescence, we
counted the number of flowers whose orientation deviated
to the left (L-morph) or right (R-morph), as determined by
viewing each flower from the back.

Pollinator monitoring was conducted using a non-le-
thal approach; however, a small number of individuals
were collected as voucher specimens and deposited in the
reference collection IEXA (Entomological Collection of the
Instituto de Ecologia, A.C., Xalapa, Veracruz, Mexico). Polli-
nator observations were conducted in a private orchid col-
lection located in a peri-urban green area in the vicinity of
Xalapa, Veracruz, at 1400 m a.s.l. The study area is within
the montane cloud forest region and within the species’
distribution range. The exact location of the study site is
withheld to protect wild populations from potential collec-
tion or disturbance.

Bee species were identified using the taxonomic
keys for orchid bees (Roubik and Hanson, 2004; Hinojo-
sa-Diaz et al., 2011) and species identifications were fur-
ther verified by comparison with reference specimens
housed in the Euglossini collection of the Entomological
Collection IEXA. When a pollinarium was observed on a
visiting bee, we recorded its position on the bee’s body
and assessed whether its placement was associated with
a particular orchid floral type.
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Results

We observed a high number of bees visiting inflorescenc-
es in more than ten occasions. We captured and identified
47 individuals of Euglossa obrima Hinojosa-Diaz, Melo &
Engel, 2011 and two of Eulaema polychroma Friese, 1899
visiting flowers of Mormodes maculata (Fig. 3A, B). Both
Eulaema polychroma individuals visited only M. maculata
var. maculata (Fig. 3C), despite the simultaneous flower-
ing of M. maculata var. unicolor, which received no visits.
Euglossa obrima is readily identified in the field by the
cowled slits on the second metasomal sternum. Similarly,
Eulaema polychroma can be distinguished by its distinctive
abdominal coloration: the abdomen is black basally, with
the remaining segments appearing yellowish to brownish
due to the dense covering of hairs (Roubik and Hanson,
2004; Hinojosa-Diaz, et al., 2011).

Floral handedness and pollinarium attachment
A relatively balanced relationship was observed between
L-morph and R-morph flowers across the inflorescenc-
es of both varieties combined (L-morph: 5.17+1.40, n=12;
R-morph: 4.58+1.83, n=12), and when each variety was an-
alyzed separately. In M. maculata var. maculata, the mean
number of flowers was 6.50+0.71 for L-morphs and 6.00+0.00
for R-morphs (n=2), whereas in M. maculata var. unicolor the
means were 4.90+1.45 and 4.30+1.89 (n=10), respectively.

In one opportunity, we recorded an individual of
Euglossa obrima clamped to an M. maculata var. unicolor
petal using its mandibles (Fig. 4A). This individual was car-
rying a pollinarium associated with flowers of M. maculata
exhibiting the L-morph, which we identified by comparing
them with pollinia from other flowers and the direction of
the flower faces (Fig. 4B, C). The bee remained attached to
the petal for approximately 25 minutes before flying away.
During this time, it repeatedly attempted to remove the
pollinarium using its hind legs but was unable to dislodge
it. However, despite the pollinium triggering, none of the
12 monitored individuals produced fruit.

Discussion

We recorded 49 floral visitors, with one bee species vis-
iting different Mormodes maculata varieties unequally.




Figure 3: Mormodes maculata (Klotzsch) L.O.Williams floral visitors: A. inflorescence of Mormodes maculata var. unicolor (Hook.) L.O.Williams
and males of Euglossa obrima Hinojosa-Diaz, Melo & Engel, 2011; B. Mormodes maculata var. maculata visited by an Euglossa obrima male; C.
Mormodes maculata var. maculata visited by an Eulaema polychroma Friese, 1899, male. Photos by Alvaro Hernandez-Rivera.
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Figure 4: Flower handedness and floral visitors of Mormodes maculata var. unicolor (Hook.) L.O.Williams: A. Euglossa obrima Hinojosa-Diaz, Melo
& Engel, 2011 at Mormodes maculata (Klotzsch) L.O.Williams petal; B. floral handedness variation in female-phase flowers (fully open flowers); red
and blue arrows indicate L- and R-morph flowers, respectively, based on Domingos-Melo et al. (2025). C. Euglossa obrima carrying a pollinarium of
a L-morph of Mormodes maculata. Photos by Alvaro Hernandez-Rivera.
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Observations of different floral visitors across distinct floral
varieties pollinated by euglossine bees have been report-
ed in the genus Gongora Ruiz & Pav., where color variants
also correspond to species-specific scent chemotypes that
attract their own non-overlapping assemblages of bee
pollinators (Hetherington-Rauth and Ramirez, 2015; 2016).
As in many Orchidaceae species, pollination in Mormodes
in our study appears to depend on a highly specialized
interaction with euglossine bees, a strategy that may en-
hance pollination precision and reduce pollen loss, but
also increase vulnerability to pollinator decline (Tremblay,
1992; Schiestl and Johnson, 2013; Gutiérrez-Rodriguez and
Hernandez-Rivera, 2022).

We observed a bee carrying a pollinarium from an
L-morph flower while clinging to a different Mormodes
maculata variety. The lateral positioning of the pollinar-
ium indicates that this species can be an effective polli-
nator of this species (Domingos-Melo et al., 2025). This
finding supports Euglossa obrima as the primary pollinator
of Mormodes maculata, while Eulaema polychroma ap-
pears to act as a secondary floral visitor restricted to M.
maculata var. maculata.

In these systems, the presence of pollinia attached
to a bee is generally considered strong evidence of ef-
fective pollination (Dressler, 1967; Ramirez et al., 2011;
Ackerman and Roubik, 2012), as the proportion of bees
carrying pollinia is naturally low and direct observations
of pollination events are exceedingly rare (Romero, 1986;
Roubik and Hanson, 2004; Brandt et al., 2020). Neverthe-
less, definitive evidence of effective pollination would re-
quire observing the bee depositing the pollinia during a
floral visit.

In highly specialized systems such as those of
Mormodes, successful transfer of pollinarium depends on
extremely precise morphological and behavioral matching;
therefore, small variations in body size, contact position,
or foraging behavior may generate a mismatch between
the flower and its visitor (Schiestl and Schliiter, 2009; More
et al., 2012).

The pollinarium observed on the bee were associat-
ed with flowers exhibiting the L-morph (Fig. 4). The specific
positioning of reproductive structures and the temporal
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separation of the male and female phases in plants play a
critical role in the pollination success of Mormodes species
(Schiestl and Johnson, 2013; Domingos-Melo et al., 2025).
It has been proposed that flowers with a column bent to
the right deposit their pollinarium on the opposite (left)
side of the bee’s thorax, and vice versa (Roubik and Han-
son, 2004). This lateral displacement results from the col-
umn twisting, which reorients the pollinia and stigma away
from the floral midline, creating mirror-image morphs.
During fragrance collection, the visiting bee is guided into
a fixed position, and the sensitive trigger mechanism ejects
the pollinarium, attaching it precisely to one side of the
thorax. After removal, the pollinarium undergoes a recon-
figuration in which the stipe bends, positioning the pollinia
for effective contact upon subsequent visits. Because each
floral morph places and receives pollinia on opposite sides
of the pollinator’s body, self-pollination and geitonogamy
are effectively minimized, as successful pollen transfer re-
quires interaction between complementary morphs (Do-
mingos-Melo et al., 2025).

While the latter authors provided the first morpho-
metric evidence and time-lapse documentation of these
movements in Mormodes, our study provides, to our best
knowledge, the first observation of the lateralized depo-
sition of pollinarium into the thorax of a male orchid bee
visiting flowers of Mormodes in its native distribution area.
It is noteworthy to mention, however, that this lateralized
attachment of the pollinarium has been observed in a sin-
gle bee individual, meaning that future studies are needed
to confirm handedness in Mormodes. More specifically, it
remains necessary to observe that bees bearing L-morph
will deposit pollinia on the stigma of R-morph flowers and
vice versa.

Both varieties of Mormodes maculata emit strong
floral scents that attract large numbers of Euglossa obrima
individuals (Fig. 3A). The exclusive visitation of Eulaema
polychroma to M. maculata var. maculata may indicate
subtle differences in floral scent composition. Although
Salazar-Chavez (1999) found no consistent differences
between varieties, the reported inter-individual variation
suggests that floral chemistry may be more variable than
previously recognized. Further chemical and pollinator
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surveys are needed to determine whether such variation
contributes to pollinator-mediated reproductive isolation
(Hills et al., 1972; Hetherington-Rauth and Ramirez, 2016;
Milet-Pinheiro and Gerlach, 2017).

Furthermore, from a conservation perspective, de-
tailed documentation and an evaluation of the current sta-
tus of the pollinators is crucial (e.g., Dalsgaard et al., 2013;
Schiestl and Johnson, 2013; Castro and Singer, 2019).
Highly specialized systems may be particularly sensitive to
anthropogenic disturbances or changes in pollinator abun-
dance, potentially compromising the viability of depen-
dent plant populations (Stipkova et al., 2020).

In this sense, recording pollinators’ and visitors’
identities not only provides information on immediate
reproductive biology but also enables the integration of
these interactions into broader ecological networks and
the assessment of their resilience under scenarios of en-
vironmental change.

Author contributions

Conceptualization: AHR, BGR, JSR, PMP; Methodology:
AHR, PMP; Investigation: AHR; Data curation: AHR, JSR;
Formal analysis: AHR, PMP; Writing — original draft: AHR;
Writing — review & editing: AHR, PMP, BGR, JSR.

Funding

This study was supported by personal funds.

AcRnowledgements

We sincerely thank the owner of the private orchid collec-
tion “Dorantes” for granting us access to the orchids and
making this study possible.

Data availability statement

The dataset supporting the findings of this study has been
deposited in SciELO Data and is available at: https://doi.
org/10.48331/SCIELODATA.CPA9XG

Declaration of use of Artificial Intelli-
gence

We declare that we have not used artificial intelligence
tools during the development of this study.

Acta Botanica Mexicana 133: e2643 | 2026 | https://doi.org/10.21829/abm133.2026.2643

Literature cited

Ackerman, J. D., R. D. Phillips, R. L. Tremblay, A. Karremans, N.
Reiter, C. |. Peter, D. Bogarin, O. A. Pérez-Escobar and H. Liu.
2023. Beyond the various contrivances by which orchids
are pollinated: global patterns in orchid pollination biology.
Botanical Journal of the Linnean Society 202(3): 295-324.
DOI: https://doi.org/10.1093/botlinnean/boac082

Ackerman, J. D. and D. W. Roubik. 2012. Can extinction risk help
explain plant-pollinator specificity among euglossine bee
pollinated plants? Oikos 121(11): 1821-1827. DOI: https://
doi.org/10.1111/j.1600-0706.2011.20193.x

Almeida, N. M. and C. C. de Castro. 2019. Enantiostyly in
angiosperms. In: Bahadur, B., K. V. Krishnamurthy, M.
Ghose and S. J. Adams (eds.). Asymmetry in Plants: Biology
of Handedness. CRC Press. Florida, USA. Pp. 319-328.

Barrett, S. C. and A. L. Fairnie. 2024. The neglected floral
polymorphism: mirror-image flowers emerge from the
shadow of heterostyly. Evolutionary Journal of the Linnean
Society 3(1): kzae004. DOI: https://doi.org/10.1093/
evolinnean/kzae004

Brandt, K., I. C. Machado, D. M. D. A. F. Navarro, S. Dotterl, M.
Ayasse and P. Milet-Pinheiro. 2020. Sexual dimorphism in
floral scents of the neotropical orchid Catasetum arietinum
and its possible ecological and evolutionary significance.
AoB Plants 12(4): plaa030. DOI: https://doi.org/10.1093/
aobpla/plaa030

Castro, J. B. and R. B. Singer. 2019. A literature review of the
pollination strategies and breeding systems in Oncidiinae
orchids. Acta Botanica Brasilica 33(4): 618-643.

Dalsgaard, B., K. Trgjelsgaard, A. M. Martin Gonzalez, D.
Nogués-Bravo, J. Ollerton, T. Petanidou, B. Sandel, M.
Schleuning, Z. Wang, C. Rahbek, W. J. Sutherland, J.
Svenning and J. M. Olesen. 2013. Historical climate-change
influences modularity and nestedness of pollination
networks. Ecography 36(12): 1331-1340. DOI: https://doi.
org/10.1111/j.1600-0587.2013.00201.x

Darwin, C. 1877. The various contrivances by which orchids are
fertilised by insects. John Murray. D. Appleton & Company.
New York, USA. 300 pp.

Dodson, C. H. 1962. Pollination and Variation in the Subtribe
Catasetinae (Orchidaceae). Annals of the Missouri Botanical
Garden 49: 35-56. DOI: https://doi.org/10.2307/2394740



https://doi.org/10.48331/SCIELODATA.CPA9XG
https://doi.org/10.48331/SCIELODATA.CPA9XG
https://doi.org/10.1093/botlinnean/boac082
https://doi.org/10.1111/j.1600-0706.2011.20193.x
https://doi.org/10.1111/j.1600-0706.2011.20193.x
https://doi.org/10.1093/evolinnean/kzae004
https://doi.org/10.1093/evolinnean/kzae004
https://doi.org/10.1093/aobpla/plaa030
https://doi.org/10.1093/aobpla/plaa030
https://doi.org/10.1111/j.1600-0587.2013.00201.x
https://doi.org/10.1111/j.1600-0587.2013.00201.x
https://doi.org/10.2307/2394740

Hernandez-Rivera et al.: Floral visitors and pollinarium placement in Mormodes maculata

Domingos-Melo, A., D. M. Silva and P. Milet-Pinheiro. 2025.

Floral Handedness in Mormodes Orchids: Revisiting
Charles Darwin’s Observations. Biotropica 57(6): e70111.
DOI: https://doi.org/10.1111/btp.70111

Dressler, R. L. 1967. Observations on Orchids and Euglossine
Bees in Panama and Costa Rica. Revista de Biologia Tropical
15(1): 143-183.

Dressler, R. L. 1968. Pollination by Euglossine Bees. Evolution 22:
202-210. DOI: https://doi.org/10.2307/2406664

Gutiérrez-Rodriguez, B. E. and A. Hernandez-Rivera. 2022.
The orchids of Megaméxico and their interactions with
pollinators. Agro Productividad 15(12): 147-159.

Henske, J., N. W. Saleh, T. Chouvenc, S. R. Ramirez and T. Eltz.
2023. Function of environment-derived male perfumes in
orchid bees. Current Biology 33(10): 2075-2080.e3. DOI:
https://doi.org/10.1016/j.cub.2023.03.060

Hetherington-Rauth, M. C. and S. R. Ramirez. 2015.
Evolutionary Trends and Specialization in the Euglossine
Bee-pollinated Orchid Genus Gongora. Annals of the
Missouri Botanical Garden 100: 271-299. DOI: https://doi.
org/10.3417/2014035

Hetherington-Rauth, M. C. and S. R. Ramirez. 2016. Evolution and
diversity of floral scent chemistry in the euglossine bee-
pollinated orchid genus Gongora. Annals of Botany 118(1):
135-148. DOI: https://doi.org/10.1093/aob/mcw072

Hills, H. G., N. H. Williams and C. H. Dodson. 1972. Floral
Fragrances and
Catasetum (Orchidaceae). Biotropica 4: 61-76. DOI: https://
doi.org/10.2307/2989728

Hinojosa-Diaz, I. A., G. A. Melo and M. S. Engel. 2011. Euglossa
obrima, a new species of orchid bee from Mesoamerica,

subgenus Dasystilbe

(Hymenoptera, Apidae). ZooKeys 97: 11-29. DOI: https://

doi.org/10.3897/zo0keys.97.1106

Liu, J. W, F. Etl, M. F. Otarola, A. P. Karremans and S. R. Ramirez.

Isolating Mechanisms in the Genus

with notes on the Dressler

2025. The Evolution and Ecology of Specialized Mutualisms
Between Perfume Flowers and Male Euglossine Bees.
Annual Review of Ecology, Evolution, and Systematics
56: 241-264. DOIl: https://doi.org/10.1146/annurev-
ecolsys-102723-064710

Milet-Pinheiro, P.and G. Gerlach. 2017. Biology of the Neotropical

orchid genus Catasetum: A historical review on floral scent

Acta Botanica Mexicana 133: e2643 | 2026 | https://doi.org/10.21829/abm133.2026.2643

chemistry and pollinators. Perspectives in Plant Ecology,
Evolution and Systematics 27: 23-34. DOI: https://doi.
org/10.1016/j.ppees.2017.05.004

More, M., F. W. Amorim, S. Benitez-Vieyra, A. M. Medina, M.
Sazima and A. A. Cocucci. 2012. Armament imbalances:
match and mismatch in plant-pollinator traits of highly
specialized long-spurred orchids. PLoS One 7: e41878. DOI:
https://doi.org/10.1371/journal.pone.0041878

Morrone, J. J.,, T. Escalante, and G. Rodriguez-Tapia. 2017.
Mexican biogeographic provinces: Map and shapefiles.
Zootaxa 4277(2): 277-279. DOI: https://doi.org/10.11646/
zootaxa.4277.2.8

Pérez-Escobar, O. A., M. Gottschling, W. M. Whitten, G.
Salazar and G. Gerlach. 2016. Sex and the Catasetinae
(Darwin’s favourite orchids). Molecular Phylogenetics
and Evolution 97: 1-10. DOI: https://doi.org/10.1016/].
ympev.2015.11.019

Pessoa, E. M., A. M. Araljo, F. F. V. A. Barberena, J. A. N. Batista,
A. P. Benelli, J. S. Bento, E. L. Borba, A. E. Camelo-Junior, P.
C. Cantudria, L. W. Cavalcanti, M. C. S. Cintra, M. Engels, L.
H. J. Feitoza, L. P. Felix, A. W. C. Ferreira, C. F. Fiorini, L. R.
S. Guimaraes, V. P. Klein, A. K. Koch, S. Koehler, A. H. Krahl,
D. R. P. Krahl, B. S. S. Leal, A. Macedo, I|. C. S. Machado,
A. V. S. R. Mauad, J. L. S. Mayer, T. E. C. Meneguzzo, L.
Menini Nieto, A. P. Moraes, P. Milet-Pinheiro, F. Nollet,
E. M. Oliveira, M. S. Oliveira, E. R. Pansarin, F. Pinheiro,
C. A. Royer, I. S. Santos, V. Silva-Pereira, E. C. Smidt, T. L.
Vieira, L. R. Zandon3, D. Zavatin and C. van den Berg. 2025.
An Overview of Orchidaceae from Brazil: Advances and
Shortfalls After 400 Years of Studies. Plants 14(22): 3520.
DOI: https://doi.org/10.3390/plants14223520

POWO. 2026. Plants of the World Online. Facilitated by the Royal
Botanic Gardens,
(consulted September, 2026).

Ramirez, S. R., T. Eltz, M. K. Fujiwara, G. Gerlach, B. Goldman-

Kew. https://powo.science.kew.org/

Huertas, N. D. Tsutsui and N. E. Pierce. 2011. Asynchronous
Diversification in a Specialized Plant-Pollinator Mutualism.
333(6050): 1742-1746. DOI: https://doi.
org/10.1126/science.1209175

Romero, G. 1986. Evolutionary dynamics. in a Catasetum orchid

Science

community in southern Venezuela. Doctoral thesis. Indiana

University. Indiana, USA. 109 pp.



https://doi.org/10.1111/btp.70111
https://doi.org/10.2307/2406664
https://doi.org/10.1016/j.cub.2023.03.060
https://doi.org/10.3417/2014035
https://doi.org/10.3417/2014035
https://doi.org/10.1093/aob/mcw072
https://doi.org/10.2307/2989728
https://doi.org/10.2307/2989728
https://doi.org/10.3897/zookeys.97.1106
https://doi.org/10.3897/zookeys.97.1106
https://doi.org/10.1146/annurev-ecolsys-102723-064710
https://doi.org/10.1146/annurev-ecolsys-102723-064710
https://doi.org/10.1016/j.ppees.2017.05.004
https://doi.org/10.1016/j.ppees.2017.05.004
https://doi.org/10.1371/journal.pone.0041878
https://doi.org/10.11646/zootaxa.4277.2.8
https://doi.org/10.11646/zootaxa.4277.2.8
https://doi.org/10.1016/j.ympev.2015.11.019
https://doi.org/10.1016/j.ympev.2015.11.019
https://doi.org/10.3390/plants14223520
https://powo.science.kew.org/ 
https://doi.org/10.1126/science.1209175
https://doi.org/10.1126/science.1209175

Romero, G., G. Carnevali and A. M. Pridgeon. 2009. Catasetinae.
In: Pridgeon, A. M. Genera Orchidacearum, Epidendroideae.
Oxford University Press. Oxford, UK. 608 pp.

Roubik, D. and P. Hanson. 2004. Abejas de las orquideas en
América tropical. InBIO. Santo Domingo de Heredia, Costa
Rica. 370 pp.

Rzedowski, J. 2006. Vegetacion de Meéxico. Edicion digital,
Comisidon Nacional para el Conocimiento y Uso de la
Biodiversidad. México, D.F., Mexico. 504 pp.

Salazar-Chavez, G.A., 1999. Sistematica de Mormodes seccién
Coryodes (Orchidaceae, Catasetinae). Tesis de Maestria.
Facultad de Ciencias, Universidad Nacional Autonoma de
México. Cd.Mx., México. 197 pp.

Sanchez-Velasquez, L. R., E. S. Ramirez-Bamonde, A. Andrade-
Torres and P. Rodriguez-Torres. 2008. Ecologia, floristica
y restauracion del bosque mesdfilo de montafia. In:
Sanchez-Velasquez, L., J. Galindo-Gonzalez and F. Diaz-
Fleischer (eds.). Ecologia, Manejo y conservacién de
los Ecosistemas de Montafia en México. Mundi Prensa.
Cd.Mx., México. Pp. 9-49.

Schemske, D. W.,, B. C. Husband, M. H. Ruckelshaus, C. Goodwillie,
I. M. Parker and J. G. Bishop. 1994. Evaluating Approaches
to the Conservation of Rare and Endangered Plants. Ecology
75(3): 585-606. DOI: https://doi.org/10.2307/1941718

Schiestl, F. P. and S. D. Johnson. 2013. Pollinator-mediated
evolution of floral signals. Trends in Ecology & Evolution
28:307-315.

Schiestl, F. P. and P. M. Schliiter. 2009. Floral isolation, specialized
pollination, and pollinator behavior in orchids. Annual
Review of Entomology 54: 425-446. DOI: https://doi.
org/10.1146/annurev.ento.54.110807.090603

Acta Botanica Mexicana 133: e2643 | 2026 | https://doi.org/10.21829/abm133.2026.2643

Hernandez-Rivera et al.: Floral visitors and pollinarium placement in Mormodes maculata

SEMARNAT. 2010. NORMA Oficial NOM-059-
SEMARNAT-2010. Proteccién ambiental-Especies nativas

Mexicana

de México de flora y fauna silvestres-Categorias de riesgo
y especificaciones para su inclusién, exclusién o cambio-
Lista de especies en riesgo. Secretaria del Medio Ambiente
y Recursos Naturales. Diario Oficial de la Federacidn.
Cd. Mx,, http://dof.gob.mx/nota_detalle.
php?codigo=5173091&fecha=30/12/2010
September, 2026).

Silva, D. M., T. S. D. O. Ferraz, A. Domingos-Melo, M. Ayasse
and P. Milet-Pinheiro. 2025. Chemical composition of

Meéxico.

(consulted

floral perfumes in Mormodes (Orchidaceae): implications
for selective attraction of euglossine bees. Annals of
Botany 136(4): 755-768. DOI: https://doi.org/10.1093/
aob/mcaf133

Stipkovd, Z., S. Tsiftsis and P. Kindlmann. 2020. Pollination
Mechanisms are Driving Orchid Distribution in Space.
Scientific Reports 10: 850. DOI: https://doi.org/10.1038/
s41598-020-57871-5

Tremblay, R. L. 1992. Trends in the pollination ecology of the
Orchidaceae: evolution and systematics. Canadian Journal
of Botany 70(3): 642-650. DOI: https://doi.org/10.1139/
b92-083

Vogel, S. 1966. Parfimsammelnde Bienen als Bestduber von
Orchidaceen und Gloxinia. Osterreichische Botanische
Zeitschrift 113(3/4): 302-361.



https://doi.org/10.2307/1941718
https://doi.org/10.1146/annurev.ento.54.110807.090603
https://doi.org/10.1146/annurev.ento.54.110807.090603
http://dof.gob.mx/nota_detalle.php?codigo=5173091&fecha=30/12/2010
http://dof.gob.mx/nota_detalle.php?codigo=5173091&fecha=30/12/2010
https://doi.org/10.1093/aob/mcaf133
https://doi.org/10.1093/aob/mcaf133
https://doi.org/10.1038/s41598-020-57871-5
https://doi.org/10.1038/s41598-020-57871-5
https://doi.org/10.1139/b92-083
https://doi.org/10.1139/b92-083

	Abstract:
	Resumen:

	Floral visitors of Mormodes maculata (Orchidaceae, Catasetinae) and pollinarium placement on a specialized orchid bee 
	Visitantes florales de Mormodes maculata (Orchidaceae, Catasetinae) y colocación de polinarios sobre una abeja de orquídeas especializada
	Introduction
	Materials and Methods
	Study species
	Floral visitors

	Results
	Floral handedness and pollinarium attachment 

	Discussion
	Author contributions 
	Funding
	Acknowledgements
	Data availability statement
	Declaration of use of Artificial Intelligence
	Literature cited


