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Resumen 
El género Bdallophytum pertenece a la familia Cytinaceae, un grupo de plantas endoparásitas de 

raíz. El género tiene tres especies distribuidas desde México hasta Costa Rica parasitando raíces 

del género Bursera (Burseraceae). El estudio de su polinización, así como el estudio de su 

morfología floral y desarrollo, permiten conocer aspectos del ciclo de vida de las especies de 

Bdallophytum para tener un mejor entendimiento de su biología y reproducción. En el presente 

trabajo se abordaron diversos aspectos de la biología reproductiva de plantas holoparásitas, 

especialmente endoparásitas de Cytinaceae, entre ellos la polinización y desarrollo floral de las 

especies B. americanum, B. andrieuxii y B. oxylepis, la primera con poblaciones en Calvillo, 

Aguascalientes, la segunda en Santo Domingo Tonalá, Oaxaca y la tercera en San Fernando, 

Chiapas, México. Para el estudio de la polinización se monitorearon las poblaciones para registrar 

a los visitantes florales, así como para conocer aspectos de la biología floral como el tiempo de 

receptividad del estigma, el momento de apertura de las anteras y duración de la viabilidad de 

polen.  

Los resultados muestran que B. americanum es polinizada principalmente por moscas, aunque 

algunos escarabajos pueden participar también en la polinización. Las flores masculinas de B. 

americanum se distinguen de las de B. andrieuxii y B. oxylepis por tener apéndices estaminales 

formados por el crecimiento apical del tejido conectivo que une a los microsporangios de las 

anteras. Dichos apéndices son usados por los polinizadores como plataforma de aterrizaje. Por 

otro lado, B. andrieuxii es polinizada por mariposas, las cuales toman néctar como recompensa y 

utilizan las flores como sitios de oviposición y sitios de cría.  

Se demostró que B. oxylepis tiene una polinización especializada por abejas meliponinas, las 

cuales colectan polen como recompensa. Aunque no existe un patrón en la polinización de las 

especies de Bdallophytum, sí existe un patrón en el desarrollo floral de las especies estudiadas. 

Los resultados principales muestran que las flores de las tres especies presentan variación en 

tamaño, número de tépalos, estambres y lóbulos estigmáticos a lo largo de las inflorescencias. 

Por primera vez se describe a B. oxylepis como ginomonoica, con flores femeninas y bisexuales 

en la misma inflorescencia. Asimismo, en esta especie de describe el desarrollo de un ginostemio, 

estructura formada por la fusión de los órganos sexuales, siendo este el primer reporte de 

ginostemio en Cytinaceae. La esporogénesis y gametogénesis en androceo y gineceo se lleva a 

cabo de manera similar en las tres especies.  
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Abstract 

 
The genus Bdallophytum belongs to the Cytinaceae family, a group of root endoparasitic plants. 

The genus has three species distributed from Mexico to Costa Rica, parasitizing roots of the genus 

Bursera (Burseraceae). The study of their pollination, as well as their floral morphology and 

development, allows knowing aspects about the life cycle of the species of Bdallophytum to 

understand their biology and reproduction better. In the present work, various aspects of the 

reproductive biology of parasitic plants, especially endoparasites of Cytinaceae, were addressed, 

among them the pollination and floral development of the species B. americanum, B. andrieuxii, 

and B. oxylepis, the first with populations in Calvillo, Aguascalientes, the second in Santo 

Domingo Tonalá, Oaxaca and the third in San Fernando, Chiapas. For the study of pollination, 

the populations were monitored to record floral visitors, as well as to learn about aspects of floral 

biology such as the time of receptivity of the stigma, the moment of opening of the anthers, and 

the duration of pollen viability. The results show that B. americanum is mainly pollinated by flies, 

although beetles can also participate. Male flowers of B. americanum are notable for having apical 

appendages formed by connective tissue growth. Pollinators use these appendages as a landing 

platform. On the other hand, B. andrieuxii is pollinated by butterflies, which take nectar as a 

reward and use the flowers as oviposition and breeding sites. Finally, B. oxylepis showed a highly 

specialized pollination by stingless bees that take the pollen as a reward. Although there is no 

pattern in the pollination of the Bdallophytum species, there is a pattern in the floral development 

of the studied species. The main results show that flowers of the three species present variation 

in size, number of tepals, stamens, and stigmatic lobes along the inflorescences. For the first time, 

B. oxylepis is described as gynomonoecious with female and bisexual flowers in the same 

inflorescence. In B. oxylepis the development of a gynostemium is described, a structure formed 

by the fusion of the sexual organs. This is the first report of a gynostemium in Cytinaceae. 

Sporogenesis and gametogenesis in androecium and gynoecium are carried out in a similar way 

in all three species. 
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Introducción general 

Las plantas parásitas son aquellas que obtienen recursos de otras plantas (Musselman y Press 

1995; Heide-Jørgensen 2008). El parasitismo ha surgido de 11 a 13 veces durante la evolución de 

las angiospermas, por lo que no se trata de un grupo monofilético, sino funcional (Těšitel 2016). 

Las plantas parásitas poseen atributos distintivos que permiten conjuntarlas en un grupo funcional 

dadas sus características ecológicas y sus interacciones con los hospederos (Heide-Jørgensen 

2008; Těšitel 2016). Los grupos con mayor cantidad de representantes parásitos son el orden 

Santalales y la familia Orobanchaceae (Bennett y Mathews 2006), por lo que han sido objeto de 

estudio de diferentes atributos relacionados con su hábito parasítico, como la evolución de los 

genes del cloroplasto (Bungard 2004). Por otra parte, Westwood et al. (2010) mencionan que 

aquellas familias de angiospermas con menos representantes parásitos exhiben un mayor grado 

de especialización, sin embargo, han recibido menos atención (Heide-Jørgensen 2008).  

La familia Cytinaceae es de las que presentan pocas especies (Fernández-Alonso y 

Cuadros-Villalobos 2012) y un alto grado de especialización (De Vega et al. 2007). Es una familia 

con especies endoparásitas, es decir, que la parte vegetativa de la planta, reconocida como 

endófito que es el tejido que se encuentra dentro del hospedero; mientras que el exófito es la parte 

que crece fuera del hospedero y está conformado únicamente por las flores e inflorescencias 

(Těšitel 2016). La familia comprende dos géneros, Cytinus con distribución en Europa, Asia y 

África, y Bdallophytum, género nativo de América (Alvarado-Cárdenas 2009; Fernández-Alonso 

y Cuadros-Villalobos 2012).  

Varias especies del género Cytinus han sido objeto de estudio de su biología reproductiva 

(De Vega et al. 2009; Hobbhahn y Johnson 2015), sin embargo, Bdallophytum carece de estudios 
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completos de este tipo. Sólo existe un antecedente en Bdallophytum americanum (antes B. 

bambusarum) en Veracruz (García-Franco y Rico-Gray 1997) en el cual se estudiaron los 

visitantes florales y las recompensas florales asociadas. En este estudio mencionan la presencia 

de moscas como principales polinizadores, haciendo énfasis en la producción de néctar como 

recompensa principal.   

Para ampliar el panorama sobre las características reproductivas en las plantas 

endoparásitas y para conocer más sobre el grado de especialización de estas, son necesarios los 

estudios comparativos en especies de este tipo. Dichos estudios deben incluir aspectos de la 

biología reproductiva y estudios morfológicos que evidencien atributos florales involucrados en 

la perpetuación de las especies endoparásitas.  

El género Bdallophytum es un grupo de plantas endoparásitas que está conformado por 

cuatro especies (Alvarado-Cárdenas 2009; Nickrent 2020). De las cuatro, tres especies se 

encuentran distribuidas en diferentes estados de la república mexicana. Bdallophytum 

americanum, B. andrieuxii y B. oxylepis son las especies con distribución en México y son 

parásitas de raíces de especies del género Bursera. Se caracterizan por tener inflorescencias 

unisexuales, aunque B. oxylepis también presenta flores bisexuales (Martínez-Camilo et al. 2012) 
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Objetivos 

Objetivos generales 

• Conocer la morfología floral de las especies de Bdallophytum.  

• Estudiar la embriología en las tres especies del género Bdallophytum. 

• Estudiar la biología de la polinización de Bdallophytum andrieuxii y B. oxylepis.  

 

 

Objetivos particulares 

 

• Conocer a los visitantes florales de las especies de Bdallophytum 

• Explorar las recompensas florales 

• Describir la biología floral de las tres especies 

• Conocer la morfoanatomía de inflorescencias y flores de las tres especies de 

Bdallophytum 

• Describir la morfogénesis de flores unisexuales y bisexuales 

• Describir la micro y megasporogénesis y la micro y megagametogénesis de las 

especies de Bdallophytum 
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Organización de la tesis 

Capítulo 1. Manuscrito que se enviará a la revista Biological Reviews para su publicación: Floral traits 

and pollination in holoparasitic angiosperms. 

 Se abordaron los atributos florales de las plantas holoparásitas en relación con la polinización. 

Entre los atributos florales estudiados se encuentran los sistemas sexuales, los atrayentes y las 

recompensas florales de las holoparásitas. Asimismo, mediante una revisión exhaustiva sobre los trabajos 

de polinización que existen hasta el momento para holoparásitas, se construyó una red de interacciones 

para conocer los patrones de polinización en este grupo de plantas.  

 

Capítulo 2. Artículo publicado: Rios‐Carrasco, S., de Jesús‐Celestino, L., Ortega‐González, P. F., 

Mandujano, M. C., Hernández‐Najarro, F., y Vázquez‐Santana, S. (2022). The pollination of the 

gynomonoecious Bdallophytum oxylepis (Cytinaceae, Malvales). Plant Species Biology, 37(1), 66-77. 

 Se estudió la polinización de B. oxylepis analizando la funcionalidad de los diferentes 

morfos florales mediante tratamientos de polinización y observación del crecimiento de los tubos 

polínicos en las diferentes flores tratadas. También se realizaron observaciones directas a las 

inflorescencias para conocer a los polinizadores potenciales. Durante las observaciones se registró 

el comportamiento de los visitantes florales.  

  

Capítulo 3. Artículo aceptado para publicación: Sandra Rios-Carrasco, César A. González-

Martínez, Sonia Vázquez-Santana. Floral visitors of the holoparasite Bdallophytum andrieuxii: A new 

report of brood-site pollination and thermogenesis for Cytinaceae (Malvales). Brazilian Journal of Botany 

(aceptado el 13 de junio de 2022). 

 Se describió la biología floral y la polinización en una población de B. andrieuxii. Se estudió la 

duración de la receptividad estigmática y la viabilidad de polen. Asimismo, se exploró si las flores de B. 

andrieuxii exhiben termogénesis mediante la toma de temperatura de flores femeninas, masculinas y se 

comparó con la temperatura ambiente. También se realizaron observaciones directas para conocer los 

visitantes florales y los polinizadores potenciales.  

 

Capítulo 4. Manuscrito sometido a la revista Journal of Plant Research para su publicación: Sandra 

Rios-Carrasco , Morayna F. Gutiérrez-Luna, Daniel Sánchez, Pactli F. Ortega-González, Manuel Edday 
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Farfán-Beltrán, María C. Mandujano and Sonia Vázquez-Santana. The floral biology and the role of 

staminal connective appendages during pollination of the endoparasite Bdallophytum americanum  

Mediante observaciones directas y el monitoreo con cámaras trampa, se describió la 

polinización en una población de B. americanum cuyas flores no producen néctar. Se puso a 

prueba la función de los apéndices estaminales del tejido conectivo, característica única de dicha 

especie en el género. Se comparó la frecuencia de visita de los polinizadores en inflorescencias 

con flores mutiladas (sin apéndices estaminales) y en inflorescencias no manipuladas (control) 

para conocer el papel de los apéndices estaminales en la polinización.  

 

Capítulo 5. Artículo publicado: Sandra Rios-Carrasco y Sonia Vázquez-Santana. 2021. Comparative 

morphology and ontogenetic patterns of Bdallophytum species (Cytinaceae, Malvales): insight into the 

biology of an endoparasitic genus. Botany, 99:221–238. Este manuscrito representa el artículo de 

requisito de acuerdo con los lineamientos del Posgrado en Ciencias Biológicas de la UNAM 

para la obtención de grado.  

 Se estudió el desarrollo floral de las tres especies mexicanas de Bdallophytum. Se abordó 

la morfoanatomía, la organogénesis y la embriología floral de las especies. Se utilizaron técnicas 

de microscopía electrónica de barrido y de histología vegetal.  
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Floral traits and pollination in holoparasitic angiosperms 

Sandra Rios-Carrasco1, 2 et al.  

1Laboratorio de Desarrollo en Plantas, Departamento de Biología Comparada, Facultad de 

Ciencias, Universidad Nacional Autónoma de México, Coyoacán. C.P. 04510, Ciudad de 

México, México. 

2Posgrado en Ciencias Biológicas, Universidad Nacional Autónoma de México, Ciudad de 

México, 04510, México. 

ABSTRACT 

In holoparasitic angiosperms, individuals lack a visible vegetative body (except Cuscuta), thus, 

reproduction depends entirely on floral attraction patterns. Given the importance of flowers in 

holoparasites, this work is focused on holoparasites pollination in relation with their floral 

characteristics. The stemless holoparasites comprises 364 species distributed in 11 angiosperm 

families. The flowers are unisexual in seven holoparasitic groups. Besides, most of them exhibit 

multisensory signals as attractants for pollinators based on visual, olfactory, and thermal 

signals. The interaction network shows flies, beetles, and hymenopterans (bees and wasps) as 

the floral visitors with greater relevance in holoparasite pollination.  

Key words: animal-plant interactions, brood-site pollination, dichogamy, endoparasites, floral 

scents, floral rewards, pollination networks, specialised pollination, thermogenesis 
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I. INTRODUCTION 

Parasitic plants are those that obtain their resources from host plants (Musselman & Press, 

1995; Heide-Jørgensen, 2008; Westwood et al., 2010) and they are classified depending on 

some physiological characteristics, the organ that parasitizes either root or stem, and their 

photosynthetic capacity (Těšitel, 2016). Those that still photosynthesize are hemiparasites, 

while those that lack photosynthetic activity are holoparasites (Heide-Jørgensen, 2008; 

Westwood et al., 2010). In a general way, holoparasites have a reduced vegetative body that can 

be underground or as small as a cluster of cells that live inside the host known as endoparasites 

(Teixeira-Costa, Davis & Ceccantini, 2021). The exception is Cuscuta (Convolvulaceae) a 
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genus with hemi- and holoparasitic species with a well-developed vegetative body with 

climbing growth stem and reduced leaves (McNeal et al., 2007). Leaving Cuscuta aside, the rest 

of the holoparasites emerge from their hosts only during the flowering stage and their vegetative 

body resides in the host or is buried; thus, aerial stems are not observed, but the flowers, later 

fruits, are the unique exposed structures (Heide-Jørgensen, 2008; Těšitel, 2016; Teixeira-Costa, 

Davis & Ceccantini, 2021). Although flowers or inflorescences can be recognized as the only 

aerial structures, some holoparasites have associated structures as peduncles, pedicels, bracts, 

and bracteoles (Nais, 2001; Medina & Cruz, 2016).  

Flowers are the most important organs for the maintenance of populations through seed 

production and to introduce genetic variation within populations (Barrett, 2010; Harder & 

Barrett, 2006; Barrett & Harder, 2017). Thus, the floral traits play an important role in defining 

the way in which reproduction is carried out and is directly related to pollination (Barrett, 2002; 

Endress, 2010). The pollination might be mediated by strategies that some flowers exhibit to 

promote outcrossing and decreasing the self-pollination rate (Barrett, 1998, 2002, 2011). These 

strategies lie in the spatial (herkogamy, monoecy, dioecy) and temporal (dichogamy) separation 

of sexes and floral attractants like advertisements and rewards (Simpson & Neff, 1981; Barrett, 

2002; Schiestl & Johnson, 2013). The set of floral traits that allows inferring the pollinator type 

is known as pollination syndrome (Faegri & van der Pijl, 1979; Fenster et al., 2004; Rosas-

Guerrero et al., 2014). However, it is necessary to corroborate the plant-pollinator interactions 

by carrying out fieldwork. 

Floral traits in holoparasites have received less attention (Heide-Jørgensen, 2008) and in 

most holoparasitic groups, the existence of ecological patterns related to pollination is 

unknown. Therefore, in this review, we gathered all the information which is known so far 
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about holoparasites without an aerial vegetative body in relation to 1) floral traits, 2) floral 

strategies involved in holoparasite reproduction, and 3) pollination systems. 

 

II. STEMLESS HOLOPARASITIC ANGIOSPERMS 

In the present work a total of 365 holoparasitic angiosperms without aerial stem that belongs to 

48 genera and 11 families are listed (Table 1, methods in appendix 1). Where most of the 

families are exclusively holoparasites, but Orobanchaceae have autotrophic, hemiparasite and 

holoparasite members (McNeal et al., 2013); while Loranthaceae have mainly hemiparasitic 

species except for Tristerix aphyllus (Medel et al., 2002).  

 Of all stemless holoparasites, 93.06% are root holoparasites, while the rest are stem 

parasites. Thus, the interactions must depend on the site of flower exposition like the ground 

level or more elevated above the ground, where flowers can be the target of different interacting 

agents (Faegri & Van Der Pijl, 1979). Stem holoparasites are mainly represented by the family 

Apodanthaceae (Apodanthes and Pilostyles) in which all their members are on the stems of their 

hosts (Bellot & Renner, 2014). Another stem holoparasitic species is Cytinus baronii 

(Cytinaceae), and some species of Rafflesia (Rafflesiaceae) have been found parasitizing the 

lianas of their hosts of the genus Tetrastigma (Vitaceae) (Lexington, 1997). Although the host 

attachment site provides a particular type of exposure to flowers for interacting agents, other 

floral traits such as the sexual systems, floral advertisements and rewards can determine the 

animal-plant interactions in these plants. 

III. DIVERSITY OF SEXUAL STRATEGIES 

 (1) Diversity of sexual systems 
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The flowers of holoparasitic plants are predominantly bisexual (Fig. 1A). However, if the 

Orobanchaceae family (which represents more than half of species) is excluded, it turns out that 

the flowers of the remaining families are predominantly unisexual. This bias is also reflected in 

the sexual systems (Fig. 1B) where hermaphroditic systems appear to be the most predominant 

amongst holoparasitic plants (67.58%), however, this percentage is once again owed to the 

Orobanchaceae family that represents the 61.54% of all holoparasitic plants. This family 

belongs to the order Lamiales, of which all its members present hermaphroditic systems, and so 

far, have not registered any modification in sexual systems within the order (Bellot & Renner, 

2013). Thus, despite the holoparasitic nature of Orobanchaceae, there is a resistance to 

maintaining the floral characteristics of the Lamiales given the phylogenetic history of the 

group (Hansen & Orzack, 2005). 

 Leaving Orobanchaceae aside, stemless holoparasites exhibit dioecy and monoecy with 

their variants, and the sexual organs or unisexual flowers are in a wide different arrangements 

Dioecy is the most frequent sexual system for the groups that are purely holoparasitic, followed 

by monoecy. Moreover, hermaphroditism is found in       Hydnoraceae, Mitrastemonaceae, and 

in some populations of Rhizanthes lowii and R. zippellii of Rafflesiaceae (Bänziger, Lamb & 

Kocyan, 2007). There are also species that represent other uncommon sexual systems such as 

trimonoecy in Cynomoriaceae (Villar, 2007), gynomonoecy in Bdallophytum oxylepis 

(Cytinaceae) (Rios-Carrasco & Vázquez-Santana, 2022), and andromonoecy in B. caesareum 

(formerly Sanguisuga caesarea, Cytinaceae) (Fernández-Alonso & Cuadros-Villalobos, 2012; 

Christenhusz, Faym & Byng, 2018).  

 One of the possible explanations for the high incidence of dioecious holoparasites could 

be associated with the availability of pollinators which move the pollen from one plant to 
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another, as well as with the perennial life cycle of the plants, given that dioecy is found to be 

mainly represented by perennial plants (Bellot & Renner, 2013). On the contrary, the low 

recurrence of sexual systems such as gynomonoecy and andromonoecy can indicate an 

evolutionary transition from one sexual system to another through the path of a monoecious 

system (Barrett, 2002). To corroborate both hypotheses, ecological and genetic studies on each 

group is required, as well as analysing them in robust phylogenies at the family level, in those 

groups that have different sexual systems. 

(2) Dichogamy  

There are mechanisms besides unisexuality that involve the separation of the sexes (Barrett, 

2002). Dichogamy is a mechanism in which sexual separation is given in a temporary manner 

(Lloyd & Webb, 1986; Dai & Galloway, 2011). Protogyny, where the appearance of the 

receptive stigmas is in advance of the release of pollen, has been reported in Hydnoraceae and 

in some species of Balanophoraceae (Ditepalanthus malagasicus, Helosis spp. and 

Lophophytum mirabile) and Cytinaceae (Cytinus hypocistis) (Musselman & Visser, 1989; 

Seymour, Maas & Bolin, 2009; de Vega et al., 2009; Kuijt & Hansen, 2015). Protandry, where 

the grains of pollen are released before the stigmas are receptive, has been reported in the 

Mitrastemonaceae and in some Balanophoraceae species such as Balanophora fungosa (Meijer 

& Veldkamp, 1993). Generally, the information on the presence of dichogamy or herkogamy 

(spatial separation of sexes) in holoparasitic plants is unknown, thus, it cannot be generalised as 

a strategy for holoparasites.  

(3) Cleistogamy 
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Cleistogamy is the most extreme case of self-pollination where the flowers never open giving 

place to formation of seeds by obligate self-fertilisation (Lord, 1981). So far there is only a 

record of three cleistogamous species within stemless holoparasites. Two of them are in 

Orobanchaceae, the first is Epifagus virginiana, where most of flowers within the inflorescence 

are cleistogamous (Abbate & Campbell, 2013). The second is Orobanche lavandulacea where 

cleistogamy is occasionally (Foley, 2001). The third is Pilostyles maya, a recently described 

species belonging to Apodanthaceae, a predominantly unisexual family; this species is the 

unique hermaphroditic species within the family and all flowers are cleistogamous (Ortega-

González et al., 2020).  

IV. FLORAL ADVERTISEMENTS  

Floral attributes are of great importance to accomplish sexual reproduction (Willmer, 2011). As 

such, they present characteristics that allow pollination to be conducted, whether it be through 

biotic or abiotic vectors, which in turn are found under selection pressures exercised by 

pollinators that direct their evolution (van der Pijl, 1961; Galen, 1999; Harder & Barrett, 2006). 

Some floral characteristics are related to the attraction of visitors, and there are different 

mechanisms which depend on the sensorial capacity of the pollinators (Schiestl & Johnson, 

2013). The most common attraction mechanisms are visual and olfactory signals, such as the 

size and shape of the flower, the floral spread, the colour, and the floral scents (Faegri & van 

der Pijl, 1979; Harder & Barrett, 2006; Leonard, Dornhaus & Papaj, 2011). The sexual 

reproduction of holoparasitic plants, given their vegetative limitations and the high incidence of 

unisexuality in the species, depend completely on these attraction mechanisms to attract floral 

visitors that transport the pollen from male to female flowers (Bellot & Renner, 2013) or, in the 

case of hermaphrodites, in order to promote outcrossing and increase variation within the 
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populations (Barrett, 1998). The attraction mechanisms reported for holoparasitic plants are 

visual signals such as floral size, the colour and consistency of the perianth, nectar guides, 

landing platforms, olfactory signals such as floral scents, and thermal signals (Spaethe, Tautz & 

Chittka, 2001, López-Sáez, Catalán & Saez, 2002, Davis et al., 2007, Seymour, Maas & Bolin, 

2009). 

 (1) Flower appearance and floral size 

Flower appearance can be an important attractant regarding the floral spread. The majority of 

holoparasites exhibit their flowers in inflorescences (92%). In these cases, the visual attraction 

would depend not only on size, but also floral aggregation, colour, shape, and presence of other 

eye-catching structures such as the bracts or bracteoles of inflorescences (Leonard, Dornhaus & 

Papaj, 2011). In inflorescences, the fidelity of the vectors that transport pollen is maintained via 

a larger number of flowers which reap the rewards. Additionally, pollination and the subsequent 

seed formation through geitonogamy (pollen movement from one flower to another from the 

same plant) are encouraged (Schoen & Dubuc, 1990). 

 On the other hand, solitary flowers are present in Apodanthaceae, Hydnoraceae, 

Mitrastemonaceae, Rafflesiaceae and in Aphyllon uniflorum (Orobanchaceae) representing the 

20% of all holoparasites here studied. Solitary flowers can have other strategies as visual 

attractants. Floral size, be it individual or joint, constitutes a visual attraction mechanism 

(Delph, Galloway & Stanton, 1996; Spaethe, Tautz & Chittka, 2001). The most extreme case in 

angiosperms, regarding the flower size found in holoparasites, are in Rafflesiaceae where the 

distinct example is Rafflesia arnoldii (Davis et al., 2007). Although evolution in said family has 

been studied, it is not known exactly whether a relationship exists between floral size and 

pollinators (Davis, 2008). One of the hypotheses regarding the evolution of floral size in 
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Rafflesiaceae suggests that the big flowers could be related to pollination by carrion flies 

(Davis, Endress & Baum, 2008, Bendiksby et al., 2010), given that these pollinate the biggest 

flowers or inflorescences within the angiosperms (Barkman et al., 2008). 

 In contrast to Rafflesiaceae, the Apodanthaceae family presents the smallest solitary 

flowers of holoparasites (González & Pabón-Mora, 2014a, b). Size has not been related to 

pollination in this family either. Although Apodanthaceae have solitary flowers, these grow 

gregariously (González & Pabón-Mora, 2014a), and the visual signal for the pollinators can be 

given by the floral spread. 

 (2) Floral colour 

Colour of flowers is a visual signal for pollinators and is one of the attributes that are considered 

in the pollination syndromes (Faegri & van der Pijl, 1979; Fenster et al., 2004; Leonard, 

Dornhaus & Papaj, 2011). In the case of holoparasitic plants a tendency towards reddish colours 

is shown (Fig. 1C), that range from bright red (colour group I), typical of pollination by birds, 

and dark reds (colour group V), typical of flowers with sapromyophily (pollination by carrion 

flies). Amongst the families that exhibit flowers with a dark red colour are those of 

Rafflesiaceae. However, in this family olfactory signals play an important role in the attracting 

pollinators as discussed later. 

 Some floral colours that also stand out amongst holoparasites are yellow, bright, or pale 

colours, and those that have a purplish-pinkish-bluish colour scheme (colour group IV). The 

latter is only found in Orobanchaceae and Lennoaceae. There are some species whose flowers 

do not share any of these listed colour palettes which exhibit a combination of various colours. 

An example is Apodanthaceae whose flowers are mainly dark-coloured outside, while inside are 
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white- or creamy-coloured. In these cases, the outer signals outstand, although both colours can 

attract different groups of pollinators depending on the behaviour of each one (Elam et al., 

1998). 

Pollination by birds is given only to those flowers with a bright red colour such as 

Cytinus sanguineus (Cytinaceae) and Hyobanche sanguinea (Orobanchaceae), which allows the 

assumption that colour is an important visual stimulant to attract pollinators, at least for birds. 

Of the species pollinated by birds, Cytinus sanguineus presents flowers with diluted nectar and 

in great quantities, which is characteristic of the ornithophilous syndrome (Hobbhahn & 

Johnson, 2015). 

 (3) Nectar guides and landing platforms.  

Another visual signal of great importance are the nectar guides and landing platforms. The first 

ones are a visual stimulus that indicate where the rewards are to pollinators, reduce the handling 

time, and increase the visitation rate (Leonard & Papaj, 2011). While the landing platforms are 

as they name said, are a space given by petals, tepals, bracts, or inflorescences that allow the 

pollinators to land and rest while foraging (Reyes, Sauquet & Nadot, 2016). In holoparasites, 

Lennoaceae species (pers. Obs.) and the majority of Orobanchaceae species have nectar guides 

(Piwowarczyk & Kasińska, 2017). However, there are no studies that explore the role of these 

visual signals in pollination.  

Otherwise, she species Cistanche pelyphaea, Orobanche pinorum and Harveya 

purpurea, are examples of flowers that present a landing platform in addition to nectar guides 

(Ellis, Taylor & Harrod, 1999; Piwowarczyk et al., 2016). These characteristics are also related 

to a pollination syndrome of psicophily (pollination by butterflies), melittophily (pollination by 
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bees) and myiophily (pollination by flies) (Faegri & van der Pijl, 1979), however, pollination 

studies that corroborate this, are required.  

 (4) Floral scents 

Floral scents are of great importance as attraction mechanisms (Dudareva & Pichersky, 2006). 

Smell can be the first signal that pollinators sense, and once these animals detect where it is 

coming from, they direct themselves towards the visual stimulus (Leonard, Dornhaus & Papaj, 

2011). The type of floral visitor that arrives to flowers depends on the type of scent emitted as 

an advertisement of the presence of floral rewards, a site to breed of feed (Dudareva & 

Pichersky, 2006). Among holoparasites, the most obvious case is in flowers with fetid scents 

whose pollination syndrome fits well with pollination by carrion flies (Faegri & van der Pijl, 

1979). So far, the production of a scent as an olfactory stimulus has been reported in 30 species 

of holoparasitic plants, of which Sarcophyte sanguinea (Balanophoraceae) (López-Sáez, 

Catalán & Saez, 2002), Bdallophytum americanum (Cytinaceae) (García-Franco & Rico-Gray, 

1997), Hydnora africana, H. esculenta, Prosopanche americana (Hydnoroideae) and 

Rafflesiaceae flowers have decaying-proteins fetid scents (Bänziger, 1991, 1996; Patiño, Grace 

& Bänziger, 2000; Bänziger, Lamb & Kocyan, 2007; Bolin, Maas & Musselman, 2009, 

Seymour, Maas & Bolin, 2009). 

Otherwise, sweet scents are less common present in Pilostyles (Apodanthaceae) (Sipes 

et al., 2014), Balanophora (Balanophoraceae) (Vislobokov & Galinskaya, 2018), Cytinus 

(Cytinaceae) (Hobbhahn & Johnson, 2015) and in Harveya (Orobanchaceae) (Randle, 2006). 

Although fetid scents are the most frequent, other peculiar scents such as ‘spicy’ are reported in 

Harveya capensis (Randle, 2006), ‘musky’ (bitter, penetrating, and oily) in Hyobanche 
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atropurpurea (Wolfe & Randle, 2001), ‘mothballs’ in Lophophytum mirabile (Kawakita & 

Kato, 2002) and ‘smell of dampness’ in Balanophora fungosa (Irvine & Armstrong, 1991). 

 (5) Thermal signals  

The production of heat that certain flowers emit is considered a type of stimulus that pollinators 

are capable of detecting (Leonard, Dornhaus & Papaj, 2011). Some holoparasites produce this 

type of stimulus through the means of thermogenesis or homeothermy in flowers. This 

phenomenon has been described in species of the Hydnoraceae and Rafflesiaceae. In Hydnora 

and Prosopanche, thermogenesis stimulates the release of volatile compounds through 

osmophores, which means that in this family the flowers exhibit multisensory signals which 

increase the probability of attracting specific floral visitors that respond to olfactory, visual, and 

thermal stimuli (Bolin, Maas & Musselman, 2009, 2011; Seymour, Maas & Bolin, 2009; Bolin, 

Lupton & Musselman, 2018). In the case of the Rafflesiaceae species, in addition to being a 

signal to attract pollinators, homeothermy is also considered as a reward which provides 

thermal energy or heat to their pollinators (Patiño, Grace & Bänziger, 2000; Bänziger, Lamb & 

Kocyan, 2007). This can be reflected in prolonged visits, increasing the probability of 

accomplishing pollination in an efficient manner (Leonard, Dornhaus & Papaj, 2011). 

V. FLORAL REWARDS 

 (1) Nectar 

As another attraction mechanism, floral rewards are important to maintain consistency in the 

visits of pollinators (Grindeland, Sletvold & Ims, 2005; Molina-Montenegro & Cavieres, 2006). 

The rewards that are known for holoparasitic plants include nectar, pollen, and thermogenesis 

(discussed above). Nectar is presented as a main reward in the Balanophoraceae, Cytinaceae, 
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Mitrastemonaceae, Mystropetalaceae, and Orobanchaceae families. The nectar presentation is 

different for each species, for example, in Balanophora abbreviata the nectar is only found in 

female flowers, whilst B. harlandii and B. indica present extrafloral nectar (Vislobokov & 

Galinskaya, 2018). Species such as Cytinus sanguineus and C. visseri produce nectar in great 

quantities, although with a low concentration of sugar (Johnson et al., 2011; Hobbhahn & 

Johnson, 2015). Contrary to Cytinus, in Bdallophytum americanum (Cytinaceae) the lack of 

pollen as a reward in female flowers is compensated for by a higher sugar concentration in 

nectar in comparison with the male flowers, whose main reward is pollen (García-Franco & 

Rico-Gray, 1997). In Apodanthaceae, the presence of liquid is described, and although it is 

presumed that this probably involves nectar, this has not been confirmed (Sipes et al., 2014). 

 In some cases, the nectar, in addition to being a reward, represent a defence mechanism 

against robbers, having the characteristic of being alkaline and repellent. This kind of nectar is 

produced by the flowers of Lathraea clandestine (Orobanchaceae) which reach a pH of up to 

11.5 and is only tolerated by pollinating bumblebees of the genus Bombus (Prŷs‐Jones & 

Willmer, 1992).  

 (2) Pollen 

The pollen grain is the male gamete of angiosperms, and a reward potentially collectable and 

edible by almost any animal (Wilmer, 2011). In some holoparasites, the pollen is a reward in 

combination with nectar as in Balanophora abbreviata (Balanophoraceae), Bdallophytum 

americanum, Cytinus hypocistis (Cytinaceae), Pilostyles aethiopica, P. haussknechtii, and P. 

thurberi (Apodanthaceae). Otherwise, the pollen is the main reward in the absence of nectar in 

B. oxylepis (Cytinaceae) and Conopholis alpina (Orobanchaceae). In both cases pollination is 

carried out by bees, a specialised group of pollinators in collecting pollen (Willmer 2011).  
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The pollen of B. abbreviata has the particularity of being sticky (Govindappa & 

Shivamurthy, 1975; Suetsugu & Aoyama, 2014). This means that not only is it a resource that 

pollinators enjoy, but it also can easily adhere itself to the pollinator. In this way, although the 

pollinators consume great quantities of pollen, can stick to their bodies, and instantly upon 

visiting the female flowers and contacting the stigmas, pollination can take place.  

(4) Brood sites 

Another recurring phenomenon in Balanophoraceae and Rafflesiaceae is that pollination is 

carried out by beetles and flies that oviposit on flower or inflorescence structures (Beaman, 

Decker & Beaman, 1988). Whilst these insects perform the service of efficient pollination, the 

plants provide their pollinators with a site for oviposition and reliable food for their offspring 

(Kawakita & Kato, 2002; Sakai 2002; Goto, Yamakoshi & Matsuzawa, 2011; Vislobokov & 

Galinskaya, 2018). Although the species of the Balanophoraceae and Rafflesiaceae families 

provide breeding grounds and oviposition to pollinators (Bänziger, 1991; Bänziger, 1996; 

Nikolov & Davis, 2017), species of the Hydnoraceae family have imitation breeding grounds 

which favour pollination by deception (Bolin, Maas & Musselman, 2009). The brood-

pollination is closely related to pollination by carrion insects, whose flowers mimic dead bodies 

or decaying materials (Urru, Stensmyr, & Hansson, 2011). The brood-site as reward is present 

in species with specialised pollination (Sakai 2002) and Hydnoraceae and Rafflesiaceae fit into 

this pattern of specialised pollination with flowers that emit multi-sensorial advertisements for 

beetles and flies respectively. Pollination patterns are discussed deeper in the following section.  

 

VI. POLLINATION 
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Few studies on pollination exist regarding holoparasites and much of the knowledge about 

pollination is from sightings that have been carried out during the description of the species or 

during the carrying out of other work. The study of pollination among this kind of plant is 

complicated since finding its study populations depends completely on finding its flowers. In 

another way it is extremely difficult to locate them given that the vegetative part is found within 

the host in the case of endoparasites (Těšitel, 2016, Teixeira-Costa, Davis & Ceccantini, 2021), 

or buried in the case of the other holoparasites. With the search for floral visitors a network was 

constructed, composed of 17 functional groups of floral visitors, and 64 species of plants 

(studies of pollination until 2021), counting to a total of 135 interactions (Fig. 2). The 

connectance value of the network (C = 0.124) indicates high specialisation given that 

interactions are occurring between a reduced number of species or functional groups (Jordano, 

1987). Combined with the connectance value in the force of interaction or dependency chart 

(Fig. 3), it is shown that most interactions are concentrated asymmetrically towards the low 

values of dA (dependency of animals to plants). Consequently, it can be inferred that the 

dependency of the animals on the plants is low, whilst some of the interactions are found to 

have high values of dP (dependency of plants to animals). Accordingly, in this case, the plants 

have a high dependency on the floral visitors, thus there is not a reciprocal dependency (Jordano 

1987). This is reflected in the module matrix (Fig. 4) where the group in modules indicates that 

45% of the interactions fall into specific modules (Qb = 0.45). Among the modules, three 

functional groups stand out indicating specialisation in pollination. For example, the fly module 

shows great relevance in the pollination of Rafflesiaceae, Balanophora abbreviata, B. elongata 

(Balanophoraceae) and Pilostyles haussknechtii. The beetle module shows up for 14 species, 

represented in their majority by species of Hydnoraceae. And finally, bees and wasps were 
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grouped into a single module which contains 13 species of plants, mainly represented by 

Apodanthaceae. The rest of the modules are formed by two or more functional groups 

indicating a less specialised interaction.  

 VII. CONCLUSIONS 

Unisexuality is highly represented in merely holoparasitic groups, which reflects the obliged 

dependency of pollinators. Holoparasitic plants exhibit floral traits which strengthen the 

attraction of visitors through visual, olfactory, and thermal stimuli. A combination of those 

advertisements makes flowers highly attractive to specialised pollinators of families 

Balanophoraceae, Hydnoraceae, and Rafflesiaceae. Although some holoparasites offered nectar 

and pollen as rewards, some species with specialised pollination offer brood sites to pollinators, 

and heat by floral thermogenesis. The pollination network for holoparasites suggests that 

Rafflesiaceae, Hydnoraceae and Apodanthaceae are groups with highly specialised pollination 

by flies, beetles, and hymenopterans like bees and wasps, respectively. Thus, there are rare 

species that have the potential to be at risk in case the pollination networks break. To strengthen 

the patterns found on the pollination of holoparasites, more studies of biological interactions are 

required to understand the maintenance of the populations of this limited group of angiosperms. 

With this revision, new research questions come out related to the specialised pollination at 

group level, the evolution of sexual systems, and the evolution of floral characteristics related to 

animal-plant interactions in holoparasites.  
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Figures 

Figure 1. Sexuality and colour of flowers in holoparasite angiosperms. A. Percentage of 

bisexual and unisexual flowers across holoparasites. B. Diversity of sexual systems in 

holoparasites. C. Diversity of floral colour in holoparasites by colour group (described in 

methods). Am = andromonoecy, D= dioecy, Gm= gynomonoecy, H= hermaphroditism, 

M= monoecy, Pol= polymorphic (with more than one sexual system), Tm= trimonoecy, 

U= unknown.  
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Figure 2. Pollination network in holoparasites.  
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Figure 3. Force of interaction in the pollination of holoparasites.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



50 
 

Figure 4. Module matrix showing specialised pollination by flies, beetles, bees, and wasps.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Holoparasitic groups without aerial stems. Families in bold are those whose all 

members are holoparasitic.  
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Family (Order) Genera Number of Species 

Apodanthaceae (Cucurbitales) Apodanthes 

Pilostyles 

1 

11 

 

 

 

 

 

Balanophoraceae (Santalales) 

Balanophora 

Clamydophytum 

Corynaea 

Ditepalanthus 

Helosis 

Langsdorffia 

Lathrophytum 

Lophophytum 

Ombrophytum 

Rhopalocnemis 

Sarcophyte 

Scybalium 

Thonningia 

18  

1  

1  

1  

3  

4 

1  

4  

6  

1  

1  

4  

1  

Cynomoriaceae (Saxifragales) Cynomorium 2  

Cytinaceae (Malvales) Bdallophytum 

Cytinus 

4  

8 

Hydnoraceae (Piperales) Hydnora 

Prosopanche 

8  

6  

Lennoaceae (Boraginales) Lennoa 

Pholisma 

1  

3  

Loranthaceae (Santalales) Tristerix 1 

Mitrastemonaceae (Ericales) Mitrastemon 2  

 

Mystropetalaceae (Santalales) 

Dactylanthus 

Hachettea 

Mystropetalon 

1  

1  

1  

 

 

 

 

 

 

 

Orobanchaceae (Lamiales) 

Aeginetia 

Aphyllon 

Boschniakia 

Christisonia 

Cistanche 

Conopholis 

Epifagus 

Eremitilla 

Gleadovia 

Harveya 

Hyobanche 

Kopsiopsis 

Lathraea 

Mannagettaea 

Orobanche 

Phacellanthus 

Phelipanche 

Phelypaea 

6 

20 

2  

22  

17 

3  

1 

1 sp. 

4 spp. 

25 spp. 

8 spp. 

2 spp. 

4 spp. 

2 spp. 

88 spp. 

1 sp. 

15 spp. 

3 spp. 

Rafflesiaceae (Malpighiaceae) Rafflesia 

Rhizanthes 

Sapria 

36 spp. 

4 spp. 

4 spp. 
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APPENDIX 1. METHODS 

Database construction  

We construct a database to gather the available information about the holoparasitic angiosperms 

known as far. Exhaustive research was carried out using information in local flora, specialized 

papers in taxonomy and ecology, and online resources (Supplementary material 1). We used 

Google Scholar using the following key words alone and combined: “holoparasites”, 

“pollination”, “parasitic plants”, “endoparasites” “flower ecology”. In addition, we also search 

by species name and its synonyms and family name to obtain all the necessary information for 

each group. The database has the following information for each species: order, family, name, 

parasite type (root or stem), floral sexuality (unisexual or bisexual), flower display (solitary 

flowers or inflorescences), sexual system monoecy, andromonoecy, dioecy, gynomonoecy, 

hermaphroditism, trimonoecy, and polymorphic), floral systems (herkogamy, dichogamy or 

cleistogamy), floral or inflorescence colour, floral scents and other advertisements, floral 

rewards, floral visitors. Floral and inflorescence colour section was completed with the help of 

original descriptions species and digital galleries as The Parasitic Plant Connection 

(https://parasiticplants.siu.edu), the “Botany Collections” from the Smithsonian National 

Museum of Natural History (https://collections.nmnh.si.edu/search/botany/) and the Global 

Biodiversity Information Facility (GBIF) digital gallery (https://www.gbif .org). The colours 

were clustered into five groups based on the pollination syndromes described by Faegri & van 

der Pijl (1979), I) orange and bright red, II) yellow, III) white to pale tones, IV) pink to bluish, 

V) burgundy to dark red tones (Fig. S1). 

Finally, we did not consider Cuscuta (Convolvulaceae) because it has a conspicuous 

vegetative body in addition to the current debate if some species are truly holoparasitic as 

https://parasiticplants.siu.edu/
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several species still are photosynthetic. The subspecies were omitted and to avoid synonymy 

and each species was corroborated with Tropicos (https://www.tropicos.org/), The Plant List 

(http://www.theplantlist.org/), and specialised taxonomic literature.  

Data analysis 

To evaluate the pollination in angiosperm holoparasites, a matrix was built with a total of 64 

plant species (rows) and 17 functional groups of floral visitors (columns) classified according to 

their foraging behaviour (Faegri & Van der Pijl, 1979, Willmer, 2011). Each cell corresponds to 

the number of species per functional group interacting with a plant species. A bipartite network 

was constructed using the floral visitors and pollination information reported until now. The 

network consists of 64 species and 17 functional groups. To evaluate the network connectivity, 

and interaction modules we use the BiMat application for MATLAB R2019a software (Flores et 

al. 2016). To graph the interaction strength, we follow Jordano (1987).  
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Fig. S1. Groups of colours of flowers present in holoparasites.  
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Abstract 

Bdallophytum americanum (Cytinaceae) is an endoparasitic plant species, meaning only the 

flowers emerge from the host during the reproductive season. Reports on the pollination biology 

of this species state that its primary pollinators are carrion flies attracted by the smell of the 

flowers. However, the functional role of one of the most outstanding attributes of this species 

has been neglected. These are the staminal appendages formed by the apical overgrowth of 

connective tissue during anther development. To determine whether these staminal appendages 

play a role in reproduction, we monitored a nectarless population of B. americanum. We 

described the inflorescence emergence, floral movements, and pollination and performed field 

experiments to test whether the absence of the staminal connective appendages affected the 

visitation frequency. Male inflorescences emerge early, and both male and female flowers open 

during the day and do not close. Hoverflies are the most frequent visitors to both floral sexes 

and carry the most pollen. Moreover, the movement of staminal appendages matching the 

pollen viability changes is reported for the first time. The staminal appendages are the structures 

where the pollinators land before foraging. As a landing platform, the staminal connective 

appendages are crucial for pollinator positioning and pollination. The field experiments showed 

that the visitation frequency decreased sharply without staminal appendages. 

 

Keywords 

Copestylum, floral movements, hoverfly pollination, landing platforms, staminal appendages, 

visual advertisements 
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Introduction 

Parasitic plants obtain their resources from other plants through a specialized structure called 

the haustorium and have evolved 12 times during angiosperm evolution (Nickrent 2020; 

Twyford 2018). The parasitic plants can be classified as hemiparasites or holoparasites 

depending on their photosynthetic capacity. The former retains photosynthetic activity while the 

latter has lost all photosynthetic functions (Heide-Jørgensen 2008). A subset of holoparasites is 

classified as endoparasites because their vegetative body grows inside the host, and only the 

flowers emerge from the host (Teixeira-Costa et al. 2021; Thorogood et al. 2021). The 

endophytic holoparasites comprise four families from different orders: Apodanthaceae 

(Cucurbitales), Cytinaceae (Malvales), Mitrastemonaceae (Ericales), and Rafflesiaceae 

(Malpighiales), the latter being the most notable species within the parasitic angiosperms 

(Nickrent 2020; Thorogood et al. 2021). Since the species of these families externally comprise 

only flowers or inflorescences, floral biology studies are essential to understand part of the life 

cycle of these peculiar species. 

 Floral biology ranges from the flowers’ emergence, form, and function to advertisements 

and rewards concerning pollination (Gottsberger 1989; Willmer 2011). Although pollination has 

been studied in some endoparasites (Bänziger 1991; Beaman et al, 1988; De Vega et al. 2009; 

García-Franco and Rico-Gray 1997; Hobbhahn and Johnson 2015; Johnson et al. 2011; Sipes et 

al. 2014; Suetsugu 2019), the floral biology and discussions on the forms and functions of 

flowers are neglected. Within these endoparasites, the Rafflesiaceae species are the most 

studied, and their flowers have unique traits whose function has been related to pollination 

(Nikolov et al. 2014). An example is the presence of a barrier comprising floral acicular hairs 

allowing the entry of pollinators (Bänziger 1995). This prevents pollen robbery by non-

pollinators, and the stigma form facilitates pollen deposition in Rafflesiaceae flowers (Beaman 
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et al., 1988). Moreover, the flowers’ colour pattern and foetid smell comprise a series of 

advertisements that attract carrion flies as pollinators (Faegri and van der Pijl 1979). 

 The strong foul smell, large or small flowers clustered in inflorescences, lack of nectar, 

dark colours resembling decaying meat, presence of additional filiform appendages, and the 

presence of hairy pads are traits characterizing the sapromyophilous pollination syndrome 

(Faegri and van der Pijl 1979; Willmer 2011). 

In addition to Rafflesiaceae, other endophytic sapromyophilous species exist, such as 

those of the genus Bdallophytum of the Cytinaceae family. Pollination studies confirmed that 

flowers of B. americanum (formerly B. bambusarum) are pollinated by carrion flies (García-

Franco and Rico-Gray 1997). Cytinaceae is the second species-rich endoparasite family, 

following Rafflesiaceae, with 12 species in two genera (Nickrent 2020). The genus Cytinus 

encompasses eight species from the Mediterranean, South Africa, and Madagascar (Sanjust and 

Rinaldi 2021); Bdallophytum includes four species from Mexico to Colombia (Nickrent 2020). 

Although little is known about the floral biology of the Cytinaceae species, the genus Cytinus 

has received the most attention in recent years (Sanjust and Rinaldi 2021). Regarding floral 

traits, the male flowers of B. americanum are noticeable because they have conspicuous 

staminal connective appendages resembling a multilobed stigma. The growth of the apical 

connective tissue forms these appendages during flower development, creating long extensions, 

one per anther, that are not seen in other species of the genus (Rios-Carrasco and Vázquez-

Santana 2021). The form-function relationship of the connective appendages with pollination in 

Cytinaceae is unknown. 

 The first pollination study conducted with B. americanum was in a tropical semi-humid 

area (García-Franco and Rico-Gray 1997). However, this species is widely distributed in 

seasonal vegetation types characterized by marked dry and wet seasons (Alvarado-Cárdenas 
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2009). So far, the variation in pollination is unknown for other populations of B. americanum in 

different environments. Since the male flowers of B. americanum are noticeable within 

Cytinaceae due to their long appendages resembling filiform horns, this work aimed to study the 

floral biology of B. americanum, addressing the floral biology from the emergence of 

inflorescences to pollination. Notably, we especially focus on the functionality of the staminal 

connective appendages during pollination. 

 

Materials and methods 

 

Species and study site 

Bdallophytum americanum is an endophytic holoparasite species belonging to Cytinaceae. This 

dioecious species is widely distributed, with populations from Mexico to Costa Rica (Alvarado-

Cárdenas 2009). The species has the fewest flowers per inflorescence (12–18) and the largest 

ones within the genus (Rios-Carrasco and Vázquez-Santana 2021). Based on the floral morph, 

the flowers have a dark purple perigone contrasting with the bright yellow anthers or stigma. 

The genus Bdallophytum is a specialized parasite on the roots of Bursera (Burseraceae) trees. 

The fieldwork was conducted in the municipality of Calvillo in the state of Aguascalientes, 

Mexico. The weather is predominantly semi-warm with an average annual temperature of 

16.6°C–20.3°C and a total annual precipitation of 612.2 mm (Instituto Nacional de Estadística y 

Geografía 2017). The locality is in a remnant patch of a seasonally dry tropical forest where 

some species such as Albizia plurijuga, Conzattia multiflora, Lysiloma spp., Leucaena spp. 

(Fabaceae), Bursera fagaroides (Burseraceae), Myrtillocactus geometrizans, Stenocereus 

queretaroensis, and S. drummondii (Cactaceae) are dominant in the area (Siqueiros-Delgado et 

al. 2016). Within the municipality, the original vegetation is scarce since fields of guava 
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cultivation have replaced it. This population of B. americanum is parasitizing B. fagaroides. 

The specimen vouchers were deposited at the Herbarium Luz María Villarreal de Puga of the 

Universidad de Guadalajara as follows: Sánchez 681 IBUG (male inflorescences of B. 

americanum), Sánchez 682 IBUG (female inflorescences of B. americanum), and Sánchez 679 

IBUG (host Bursera fagaroides). 

 

Bdallophytum americanum population 

During three flowering seasons from 2018 to 2020, we counted the number of B. americanum 

hosts within 1 km2 in a remnant patch of seasonally dry tropical forest between cultivated areas. 

We calculated the number of exophytes on roots for each host (equally to one cluster) and 

classified them according to sex. It is noteworthy that neither sexual morph showed any 

secretions or nectar during the fieldwork, at any moment or year of study. Thus, this is a 

nectarless population. 

 

Floral movements, stigmatic receptivity, and pollen viability 

We observed at least 50 pre-anthetic flowers per sex to detect any change or movement during 

opening, as well as the moment of anther dehiscence and movement in the connective 

appendages throughout the flower lifespan in male flowers. Additionally, we used hydrogen 

peroxide to determine the moment when stigmatic receptivity begins and its duration (Galen & 

Plowright, 1987). We tagged and bagged 10 female inflorescences to avoid pollen interference 

on stigmas. At least 15 flowers per age were used to measure stigmatic receptivity in newly 

opened flowers in 1-, 2-, 3-, and 4-day-old flowers; 30 µL syringes were used to place a few 

drops of hydrogen peroxide on the stigmas. 
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Regarding male flowers, we collected pollen samples from different anthers from each 

flower with a dissection needle. We placed them on glass slides to stain the pollen grains with 

Alexander’s reagent (Alexander, 1980) to determine the duration of pollen viability over time. 

We classified flowers according to their age, and we calculated the percentage of viable pollen 

in flowers of different ages (1- to 6-day-old flowers). We used at least 15 flowers per age. 

 

Floral visitors 

We recorded the floral visitors in two flowering seasons during August and September of 2019 

and 2020, respectively, for 4 days each year in six clusters (three clusters per sex). Each cluster 

had at least five flowering inflorescences of B. americanum. The records of diurnal floral 

visitors were produced through direct observations in five inflorescences per cluster from 9:00 

to 16:00 h in 15 min observations followed by 15 min of rest. We also used trap cameras 

programmed to film during the night every 15 minutes and activated the motion sensor from 

16:00 to 9:00 h. We obtained the number of visitors per inflorescence (male or female), the 

visited flowers, the foraging time, and the number of visited inflorescences per visitor. We used 

lethal chambers to capture samples of floral visitors. Mounted specimens were identified at least 

at the family level and to the finest level possible, using the following keys: de Carvalho et al. 

(2003), Elberg et al. (2009), Engel (2000), Goulet and Huber (1993), Hernández et al. (2013), 

Knutson and Orth (2001), Thompson (1999) and Triplehorn and Johnson (2005). When the 

species level was not reached, we used the morphospecies criterion. 

We classified the floral visitors into functional groups according to their foraging 

behaviour (Fenster et al. 2004). Particularly, we split the fly functional group into two according 

to the foraging behaviour we observed in the field. The first group was treated as “flies” and the 

second as “hoverflies”, given their pollinivorous and landing behaviour described in the results 
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section. To determine differences in the visitation frequency among functional groups, we 

performed a generalized linear model (GLM) with a Poisson distribution and log-linkage 

function using the package stat in the software R (R Development Core Team 2019). We used 

the visitation frequency as the response variable and the functional groups, years of observation, 

and sexes as the explanatory variables. Additionally, we performed a multiple comparison 

analysis of the visitation frequency between functional groups. To differentiate pollinators from 

floral visitors or pollen robbers, we considered the visitation to female and male inflorescences, 

and pollen quantity on their bodies. 

 

Role of connective appendages in pollination 

We performed a field experiment to explore the role of the staminal connective appendages by 

evaluating whether their absence affected the visitation frequency to male inflorescences. The 

experiment comprised two male inflorescence-type treatments of two male clusters, namely 

pure clusters. The first was the mutilated cluster, where all flowers of 10 inflorescences were 

injured by cutting off and removing all the apical connective appendages from anthers. The 

second treatment was applied to a pure cluster with 10 male inflorescences that were not 

handled, so we used this as the control. Additionally, to discard the cluster effect and evaluate 

the decision-making by floral visitors, we performed the two treatments on one cluster, namely 

a mixed cluster. Of the 10 inflorescences in that patch, we randomly selected five to perform 

each of the two treatments described above. We compared the total visitation frequency 

(response variable) between treatments of pure and mixed clusters (mutilated vs control) and 

between cluster types (pure vs mixed). The comparisons were performed through a GLM with a 

Poisson distribution, log-linkage function, and chi-square to determine differences between 

treatments and clusters using the software R Development Core Team (2019). The analysis was 
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conducted considering a daytime observation time from 9:00 to 19:00 h to avoid data 

overdispersion since the pollinators are diurnal. At night, only two non-pollinator visitors were 

registered in total for all treatments. 

 

Results 

 

Bdallophytum americanum population 

The studied population of Bdallophytum americanum comprised nine clusters within 

approximately 1 km2 in a seasonally dry tropical forest patch. During the first year of 

monitoring (2018), we found six clusters, of which three had exophytes from that season, while 

the other three had remains of exophytes apparently from the previous season. Moreover, the 

same clusters were found in the next 2 years and three more during the last year. Most 

exophytes had the same sex within a cluster, and this was maintained through the years (Table 

1), indicating re-emergence. 

The emergence of the inflorescences begins after the first rains in the area. The 

exophytes or young inflorescences can be observed from July, and as time passes, the number 

of exophytes increases. The first exophytes in the studied population corresponded to the male 

inflorescences, which predominated during the first month. The female inflorescences 

predominated from August to September, while only infructescences were present in October 

(Fig. 1). Despite the dimorphism at emergence, female and male inflorescences emit a strong 

yeasty smell when the flowers are open. This smell is easily detectable by the human nose when 

close to a patch. 

 

Floral movements, stigmatic receptivity, and pollen viability 
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During the morning, the flowers are closed (Fig. 2a, i). The flower opening occurs around 8:00 

to 9:00 h in the morning (Fig. 2b–c), reaching a full aperture at approximately noon (Fig. 2d, l). 

As the days pass, female flowers exhibit colour changes; they are initially pale red (Fig. 2b–d) 

and turn darker (Fig. 2e–g). The perigone remains open and withers around day 5 (Fig. 2h), 

indicating the start of fruit development if fertilization has occurred. In male flowers, the 

perigone is dark red from the beginning (Fig. 2i–k). Female ones reach the full aperture at noon 

(Fig. 2l); the flowers remain open until they wither on day 4 or 5 (Fig. 2m–o), later appearing 

whiter (Fig 2p). In the male flowers, the anthers and appendages of the connective tissue also 

showed movements and changes along the flower lifespan (Fig. 2q–x). The apical connective 

appendages are towards the centre when the flowers open, so the tips touch each other and 

protrude above the perigone (Fig. 2q–r). The appendages then extend out as the perigone 

unfolds to achieve complete opening (Fig. 2s–u). The anther dehiscence is extrorse. This occurs 

when the flowers are completely open, and the connective appendages are fully extended (Fig. 

2t–u). The appendages remain extended during the first 2 days of anthesis (Fig. 2t–u). The 

appendages begin to darken and retract towards their initial position on the third day (Fig. 2v–

x). 

 Regarding sexual functionality, the pollen grains are viable in male flowers during the 

first 4 or 5 days. Nevertheless, from the third day, viability decreases abruptly. The pollen 

grains are no longer viable on the sixth day (Fig. 3). The stigmas in female flowers start to be 

receptive as soon as the flowers start to open. The receptivity lasts 3 days. The stigmas are no 

longer receptive on day 4 (Fig. 3). 

 

Floral visitors 
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We registered the visits of two species and 12 different morphospecies belonging to eight 

functional groups (Table 2). Most visits were registered in a diurnal schedule; however, two 

functional groups of visitors were rarely registered at night-time, rodents and moths (Fig. 4a). 

Male inflorescences had more frequent visits than female inflorescences (χ2 = 6.166, d.f. = 1, p 

< 0.0001). Additionally, we registered more visits in 2019 from more functional groups than in 

2020 (χ2 = 14.156, d.f. = 1, p < 0.0001; see Fig. 4). Regarding the visitation frequency, 

differences occurred between the functional groups (χ2 = 294.431, d.f. = 7, p < 0.0001), the 

hoverflies being the most frequent in both years and both sexes (see Table 3). 

Regarding the behaviour of visitors, butterflies, moths, orthopterans, and rodents were 

discarded as pollinators. Most of them only visited one type of inflorescence, or their visits were 

rare, and they spent a few seconds foraging (Table 3). Additionally, the orthopterans spent a 

long time eating floral parts. Thus, they were florivorous rather than pollinators. Nevertheless, 

Augochlorini sp 1 and sp 2 were the visitors carrying the most pollen grains of B. americanum. 

However, they spent more time collecting pollen than on their visits to female flowers. 

Moreover, the pollen on the bees’ bodies was not exclusive to B. americanum, suggesting that 

this functional group mainly visits male flowers for pollen robbery. Beetles were registered to 

visit both floral sexes. Although beetles spend more time resting in the perigone than touching 

the sexual organs, they can pollinate as they arrive at stigmas with B. americanum pollen. Flies 

were more frequent than beetles, and we found that Sepedon sp 1 flies reached the female 

flowers with B. americanum pollen and sometimes touched the sexual organs. Therefore, they 

also contributed to pollination. 

Finally, Copestylum sp 1 hoverflies were the most frequent visitors in both male and 

female inflorescences (Fig. 4a) during the studied years. They carried large amounts of pollen, 

exclusive to B. americanum, which was transported from male to female flowers (Table 3). 
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These floral visitors consistently touched the sexual organs. In male flowers, hoverflies landed 

on staminal connective appendages and used them as perches to move underneath the anthers 

and the rest of the flower (Fig. 5a). When they reached the female flowers, they landed on the 

stigma and began to move along the perigone of the flower (Fig. 5b). Once the hoverflies 

landed on stigmas or connective appendages according to sex, they moved to visit different 

flowers along the same inflorescence. However, they spent less time on female flowers than 

male ones. During most of their visits, we noticed that hoverflies could remain for more than 30 

min resting on the perigone of the male flowers after foraging on the anthers. Therefore, given 

the amount of pollen on the body, the visitation frequency on both types of flowers, and the 

contact with sexual organs, hoverflies were pollinators of B. americanum in the study area. 

 

Role of staminal appendages in pollination 

The frequency of visits differed between mutilated and untouched (control) androecia (χ2 = 

114.56, d.f. = 1, p < 0.0001). In the absence of connective appendages, pollinators do not 

approach the flowers. The visitation frequency was lower in mutilated flowers, which was 

observed in the mixed cluster. However, the mixed cluster was less visited than pure clusters (χ2 

= 46.79, d.f. = 1, p < 0.0001). The inflorescences with mutilated androecia affected the visits to 

the rest of the untouched inflorescences within the cluster. Nevertheless, visitors discerned 

between mutilated and untouched flowers because the visits were more frequent in the control 

inflorescences within the same cluster. Visiting hours were mainly daytime, and the visits were 

consistent with the pollination observations where the flies and hoverflies were noticeable as the 

most frequent visitors (Fig. 4b). 

 

Discussion 
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Bdallophytum americanum population 

Bdallophytum americanum growth showed re-emergence of same-sex inflorescences over the 

years. The inflorescence emergence occurs gradually during blooming, so the variation between 

the number of exophytes between years and between clusters depends on the moment they are 

observed. The same pattern of re-emergence according to sex was reported for other species of 

Cytinaceae, such as Cytinus hypocistis (De Vega et al. 2007) and C. sanguineus (Hobbhahn and 

Johnson 2015). This feature has also been observed in Pilostyles thurberi, another endoparasite 

of the family Apodanthaceae (P. F. Ortega-González et al., in prep.). In C. hypocistis, the re-

emergence of exophytes has been followed over 5 years, indicating that this species has 

perennial plants (De Vega et al. 2007). 

Bdallophytum americanum is a dioecious species whose male and female plants differ 

during emergence. The male inflorescences emerge before the female ones. This dimorphic 

emergence could affect reproduction. Female inflorescences take more time to appear as they 

need more resources to reproduce (Conn & Blum 1981). However, male inflorescences can be 

advantageous since they can compete for pollinators with other species growing on the same 

site and keep floral visitors close to the area, taking advantage of their learning skills and 

awareness of the resource offered by B. americanum flowers (Purrington and Schmitt 1998; 

Weiss 2001). 

 

Floral movements and their implications in pollination 

Floral whorl movements are essential to flower ecology because they are a functional trait 

related to pollinator behaviour favouring pollination (Henning et al. 2018; Sibaoka 1969). In B. 

americanum, the perigone movements occur only during flower opening in a diurnal schedule. 
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Nevertheless, once open, flowers do not close. Thus, the sexual organs of both female and male 

inflorescences remain exposed to visitors all day, favouring the reception or donation of pollen 

(van Doorn and van Meeteren 2003). All-day exposure to sexual organs allows a wide range of 

pollinators to arrive at flowers according to different schedules (Ganie et al. 2021), which can 

occur for 3 days on female flowers and up to 5 for male ones in B. americanum. However, this 

can also be a disadvantage since the reproductive organs are exposed to florivores, robbers, or 

damage (van Doorn and van Meeteren 2003). 

 Additionally, a novel floral movement is described here for the family. The apical 

staminal connective appendages move synchronously in all stamens and parallel with the 

direction of the perigone when it opens. However, this parallel movement of stamens and 

perianth is described for other angiosperms (Henning et al. 2018; Zhang et al. 2019). 

Nevertheless, in B. americanum, the movements are not provided by filaments or anthers when 

touched but by staminal connective appendages. In the first 2 days of anthesis, when the 

staminal appendages are completely extended or “open”, the pollen is at its maximum viability, 

favouring pollen presentation. When the connective appendages begin to “close” or return to 

their initial position on the third day of anthesis, the pollen viability decreases abruptly. This 

match between pollen viability, the extended staminal appendages, and pollination is discussed 

in depth in the following sections. 

 

Floral visitors and pollination 

The pollination patterns can vary depending on the habitat composition, availability of 

resources, and surrounding communities of organisms (Evans et al. 2017). A previous study on 

the pollination biology of B. americanum (formerly B. bambusarum) described how both male 

and female flowers produce nectar; however, it is more concentrated in female flowers (García-
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Franco and Rico-Gray 1997). The presence of floral rewards in both morphs explains the floral 

visits to male and female flowers. Nevertheless, in the studied population of B. americanum, all 

flowers lacked nectar. Thus, the pollination in this population appears to occur by deception as 

the female flowers do not offer a reward but expel a strong yeasty smell. Studies of the floral 

ecology of other sapromyophilous endoparasites, such as the Rafflesiaceae species, have 

described the floral scent as one of the main attractants to pollinators (Zain et al. 2020). The 

foetid smell of the sapromyophilous species is strongly related to attracting carrion flies 

(Chakraborty and Adhikary 2018). Although syrphids are known to feed on pollen and nectar, 

members of the subfamily Eristalinae (in which Copestylum is placed) have been reported as 

helpful in forensic entomology due to their consumption of carrion material (Martins et al. 

2010). Thus, although the potential pollinators are hoverflies of the genus Copestylum rather 

than the expected carrion flies, the carrion pollination is maintained given the carrion foraging 

behaviour of Copestylum sp 1 in B. americanum flowers. Visits of Copestylum to female 

flowers are shorter and less frequent than to male ones. Still, the hoverflies carry pollen 

exclusively from B. americanum and consistently touch the stigma. Thus, pollination can occur, 

despite the lack of reward. 

Despite the differences in the floral rewards offered by B. americanum to pollinators in 

different populations, the dipterans are maintained as pollinators (García-Franco and Rico-Gray 

1997; Nunes et al. 2016). This pattern is also observed in other endoparasites such as Sapria 

ram (Rafflesiaceae) studied in different populations; however, the pollinators are consistently 

carrion flies, indicating a specialized interaction (Bänziger and Pape 2004; Pape and Bänziger 

2000). 

Sapromyophilous traits are exclusive of the genus Bdallophytum within the Cytinaceae. 

Nevertheless, the pollination by carrion flies has only been reported in one population of B. 



113 
 

americanum (García-Franco and Rico-Gray 1997). While hoverflies pollinate the studied 

population of B. americanum and B. oxylepis is pollinated by stingless bees (Rios-Carrasco et 

al., 2022). Otherwise, the genus Cytinus has non-sapromyophilous species such as C. hypocistis, 

C. sanguineus, and C. visseri but also has specialized pollination by ants, birds, rodents, and 

shrews, respectively (De Vega et al. 2009; Hobbhahn and Johnson 2015; Johnson et al. 2011). 

The specialized pollination evolves in close relationship with floral morphology and the 

development of specialized structures (Dellinger et al. 2019; Gavrutenko et al. 2020), which 

could apply to B. americanum, and the presence of long staminal connective appendages. 

 

Staminal connective appendages as visual cues 

Previous studies on B. americanum pollination did not address the role of apical connective 

appendages (García-Franco and Rico-Gray 1997). Thus, here, we describe for the first time 

their role in pollination. Flowers of B. americanum display a set of signals to attract pollinators, 

including the yeasty smell, the dark colour of the flowers, and the long and apical connective 

appendages demonstrated here. The connective appendages are conspicuous, moving structures 

with a functional role during pollination. Our results indicated that the visitation frequency 

decreases sharply without the connective appendages in all flowers within a cluster. Although 

the smell of inflorescences can primarily attract hoverflies, the absence of the appendages 

makes the pollinators avoid the flowers. It has been demonstrated that the scents are the primary 

attractants, and the visual attractants such as the colour of flowers or presence of particular 

structures being secondary (Weiss 2001). Thus, the yeasty smell of B. americanum flowers may 

function as a primary advertisement. Still, the large connective appendages can be a secondary 

visual cue based on which hoverflies decide whether to visit the flowers. Moreover, the 
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connective appendages can serve as a landing platform that improves pollen presentation, 

collection, and transfer (Henning et al. 2018; Lawson and Rands 2018). 

In a second scenario where untouched and mutilated androecia are on the same patch, 

the visitation frequency was less than in the control cluster. Generally, the visitation rate was 

affected by the presence of mutilated flowers in the patch, supporting the concept that 

connective appendages are an essential visual cue for pollinators to approach the patch. Despite 

the mixed cluster’s low visitation frequency, almost all visits by hoverflies were made to 

flowers with untouched connective appendages. The preference for untouched flowers indicates 

a pollinator’s decision-making, supporting the concept that specialized structures are maintained 

through selective pressures exerted by pollinators (Lawson and Rands 2018). 

Additional floral appendages have been related to fly pollination (Faegri and van der Pijl 

1979). Some fly-pollinated species have flowers with filiform appendages with different roles in 

pollination. For instance, in Rafflesiaceae, filiform structures resembling a filter to stamens 

allow the flies to traverse to the anthers but avoid the entry of other non-pollinators (Bänziger 

1995). In Mitella pauciflora (Saxifragaceae), a fly-pollinated species, the petals have long 

filiform structures serving as a landing platform. In their absence, the visitation rate decreases 

(Katsuhara et al. 2017) as in B. americanum. As mentioned previously, the “opening” of 

connective appendages matches the maximum pollen viability and is the structure where the 

hoverflies land. Thus, the landing platform in B. americanum ensures the removal of viable 

pollen. Studies on stamen movements mentioned that they are adaptations facilitating pollen 

removal (Abdusalam et al. 2021). In B. americanum, apical connective appendages enhance the 

removal of viable pollen. These floral movements can also serve as advertisements to attract 

pollinators or even secure pollination (Tan and Tan 2018) once the appendages extend fully. 
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The pollination of a nectarless population of Bdallophytum americanum was studied, 

emphasizing the functional role of connective appendages. Our results show that specialized 

pollination by dipterans is maintained in B. americanum despite lacking nectar. We described a 

novel type of movement in these apical appendages of the androecium that coincides with the 

changes in pollen viability. Otherwise, the male flowers have specialized structures formed by a 

projection of the connective tissue resembling a multilobed stigma serving as a landing platform 

for hoverflies, the pollinators. This landing platform appears crucial for attracting pollinators. 

The form-function relationship of specialized structures must be studied in detail to better 

understand the specialized animal-plant interactions, particularly in the misunderstood 

endoparasites. 
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Figure captions 

 

Fig. 1 Percentage of emerged exophytes of B. americanum per sex through time in the 

population of Calvillo, Aguascalientes, Mexico. The withered male inflorescences were not 

counted.  

 

Fig. 2 Changes and movements through time in B. americanum flowers. a-h) Female flowers 

showing their color change since their opening until their withering. i-p) Male flowers opening. 

q-x) Movements and changes of connective appendages of stamens. 

 

Fig. 3 Decreasing in viability of pollen grains in male flowers of B. americanum over the days. 

The gray area indicates the duration of stigmatic receptivity in female flowers. 

 

Fig. 4 Floral visitors to B. americanum inflorescences. a) Visitors by functional groups to see 

the frequency of visits to male and female inflorescences along the day in both years of study. 

Potential pollinators can be distinguished by overlapping different colored bubbles. b) Visits to 

untouched (control) and mutilated male flowers from mixed and pure patches resulted in the 

connective appendages treatments.  

 

Fig. 5 Pollinators of B. americanum in the studied population. a) Copestylum sp 1 landing on 

the stigma of female flowers. b) Copestylum sp 1 landing on connective appendages of male 

flowers, using them as perch to move around the flower.  
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FIGURE 3 

 

 

 

 

FIGURE 4  

 

 



126 
 

 

FIGURE 5  
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Tables 

 

TABLE 1. Sex of the B. americanum exophytes per cluster indicating reemergence through 

years in the population of Calvillo, Aguascalientes.   

Cluster 
Sex  

2018 2019 2020 

1 ♂  ♂  ♂  

2 ♀, ♂  ♀, ♂  ♀, ♂  

3 ♀ ♀ ♀ 

4 ♀ ♀ ♀ 

5 ♀ ♀ ♀ 

6 ♂ ♂ ♂ 

7 - - ♂ 

8 - - ♀ 

9 - - ♀ 
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TABLE 2. Floral visitors in male and female inflorescences of Bdallophytum americanum in Calvillo, Aguascalientes, Mexico during 

2019 and 2020. The visitors were classified into functional groups based on their behavior.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Visitors to female inflorescences   Visitors to male inflorescences 

Functional 

group  

Taxonomical 

family 

Visitor  Functional 

group 

Taxonomical family Visitor 

Bees Hallictidae Augochlorini sp 1  Bees Hallictidae Augochlorini sp 1 

Beetles  Curculionidae Epimechus adspersus    Augochlorini sp 2 

Butterflies -  Butterfly 1   Beetles Nitidulidae Nitidulidae sp 1 

Flies Heleomyzidae Heleomyzidae sp 1    Nitidulidae sp 2 

 Sciomyzidae Sepedon sp 1    Nitidulidaae sp 3 

Hoverflies Syrphidae Copestylum sp 1  Flies Fannidae  Fannia canicularis  

Orthopterans Acrididae Acrididae sp 1   Sciomyzidae Sepedon sp 1 

    Hoverflies Syrphidae Copestylum sp1 

    Rodents -  Rodent 1 
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TABLE 3. Behavioral traits of floral visitors to female and male inflorescences of B. americanum in Calvillo, Aguascalientes, Mexico 

during both years of study. The n of the captured insects is in correspondence with the number of observations, the greater the number 

of visits, the greater the probability of capture. 

Note: Superscripts in the functional groups indicates de results of comparison multiple analysis at p < 0.001. 

 

 

 

 

 

 

  Female inflorescences   Male inflorescences  

Functional 

group 

 Inflorescence

s per cluster 

Mean ± SEM 

Flowers per 

inflorescenc

e 

Mean ± 

SEM 

Handling 

time  

s 

Pollen on 

their bodies 

Mean ± 

SEM  

n  Inflorescen

ces per 

cluster 

Mean ± 

SEM 

Flowers per 

inflorescence 

Mean ± SEM 

Handling time 

s 

Pollen on their 

bodies 

Mean ± SEM 

n 

Beesac  1.5 ± 0.28 1 7.5 ± 2.5 5900 ± 900 2  2.12 ± 0.35 2.9 ± 0.64 19 ± 5.56 29100 ± 3900  2 

Beetlesbc  1.4 ± 0.4 2.14 ± 0.4 17.44 ± 4.6 550 1  1.22 ± 0.22 1.42 ± 0.29 41 ± 23.61 325 ± 176  4 

Butterfliesac  1.33 ± 0.33 1.66 ± 0.67 6.55 ± 1.3 - -  - - - - - 

Fliesc  1.2 ± 0.13 2.27 ± 0.33 34.8 ± 9.6 375 ± 275 2  1 1.57 ± 0.29 132.5 ± 25.87 - - 

Hoverfliesd  2.12 ± 0.24 3.7 ± 0.48 25.7 ± 4.49 3442 ± 803 7  1.72 ± 0.23 3.91 ± 0.57 80.86 ± 16.4 3886 ± 974  8 

Mothsa  1 1 2 - -  1 1 4 - - 

Orthopteransa

c 

 1 1.5 ± 0.5 212 ± 66 0 2  - - - - - 

Rodentsab  - - - - -  2 1.5 ± 0.5 4.33 ± 0.3 - - 
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Capítulo 5 

 

 

Embriología de las especies del género Bdallophytum 
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Discusión general 

 

Este es el primer trabajo que describe parte del ciclo de vida de las endoparásitas del género 

Bdallophytum (Cytinaceae) en México abarcando las interacciones planta-polinizador de las 

especies B. americanum, B. andrieuxii y B. oxylepis y su desarrollo floral. Los resultados 

muestran que la unisexualidad en las flores es una característica reproductiva sobresaliente en las 

tres especies estudiadas de Bdallophytum. Tanto B. americanum como B. andrieuxii son dioicas 

ya que tienen inflorescencias con flores unisexuales, por lo que deben tener una polinización 

cruzada obligada. Mientras tanto, en este estudio se demostró que B. oxylepis tiene un sistema 

sexual ginomonoico, antes descrito como poligamomonoico (Alvarado-Cárdenas 2009; 

Martínez-Camilo et al. 2012). En este caso B. oxylepis tiene flores bisexuales en la base de la 

inflorescencia y flores femeninas en la zona apical, por lo que estas últimas requieren el arribo de 

polen de otras flores para llevar a cabo la fecundación. 

Polinización. Los resultados de polinización muestran que las especies estudiadas de 

Bdallophytum presentan polinización especialista. Las flores de Bdallophytum se caracterizan por 

ser de colores rojizo-oscuros y por emitir aromas fétidos que son típicos de la sapromiofilia, un 

síndrome de polinización asociado con moscas carroñeras (Faegri y van der Pijl, 1979; Willmer 

2011). Por lo anterior, se esperaba que las moscas carroñeras fueran los polinizadores para las 

especies de Bdallophytum. Sin embargo, después del monitoreo de poblaciones de las tres 

especies, se demostró que la polinización de B. americanum se lleva a cabo por sírfidos de utilidad 

para estudios forenses, por lo que, a pesar de no ser moscas carroñeras, el comportamiento 

carroñero se mantiene y el síndrome de polinización se cumple para esta especie. La polinización 

por moscas carroñeras en dicha especie había sido reportada previamente por García-Franco y 

Rico-Gray (1997) en una población con flores que producen néctar, por lo que la polinización por 
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moscas se mantiene con y sin dicha recompensa. Las flores de B. americanum destacan porque 

las flores masculinas presentan una proyección del tejido conectivo (apéndices estaminales) en la 

parte apical de las anteras, lo cual no se encuentra en las otras especies de Bdallophytum. En el 

presente trabajo se demuestra que esas proyecciones funcionan como señal visual y plataformas 

de aterrizaje de gran importancia para los polinizadores.  

 En cuanto a la polinización de B. andrieuxii y B. oxylepis, la polinización es especializada 

y se lleva a cabo por mariposas (Cissia sp.) y abejas (Trigona fulviventris), respectivamente. 

Aunque no se trata de los polinizadores esperados, se ha reportado que mariposas del género 

Cissia y abejas de la especie T. fulviventris pueden presentar comportamiento carroñero al 

forrajear materia en descomposición (Oliveira y Morato 2000; Vit et al. 2013; Zacca et al. 2018). 

Por lo tanto, la polinización carroñera se mantiene en el género, aunque no se trate exclusivamente 

de moscas. Con respecto a la polinización en Cytinaceae se describe como especializada, ya que 

se lleva a cabo por hormigas en C. hypocistis (de Vega et al. 2009), por aves en C. sanguineus 

(Hobbhahn y Johnson 2015), por roedores y musarañas en C. visseri (Johnson et al. 2011), por 

moscas carroñeras en B. americanum, por mariposas en B. andrieuxii y por abejas meliponinas 

en B. oxylepis, aquí descrito. Aunque se trate de polinización especialista, hasta el momento no 

se detecta una tendencia por algún grupo funcional para efectuar la polinización en las especies 

de Cytinaceae.  

Morfología y desarrollo floral. El presente estudio describe y compara la morfología y 

desarrollo de las tres especies mexicanas del género Bdallophytum. Morfológicamente, el número 

de unidades del periogonio, el tamaño del ovario y el número de estambres son algunas de las 

características que varían en las flores insertas a lo largo del eje de las inflorescencias en cada una 

de las especies, además de los evidentes apéndices estaminales presentes en B. americanum. Por 
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lo tanto, las especies estudiadas de Bdallophytum presentan variación intra-individual, lo cual 

también ha sido descrito para el género Cytinus (Villar 1997). La reducción en el número de 

órganos es el tipo de variación intra-individual más común en angiospermas (Buide 2004) y 

parece un tipo de variación común en las especies de Cytinaceae. Además del número de órganos, 

la variación intra-individual en la especie B. oxylepis se refleja en el sexo de las flores que también 

varía a lo largo del eje de la inflorescencia, es decir, a medida que las flores se acercan al ápice, 

el número de estambres disminuye hasta el grado de encontrar únicamente flores femeninas en la 

parte más distal de la inflorescencia. La variación sexual a lo largo del eje de las inflorescencias 

también se aprecia en B. caesareum (antes Sanguisuga caesarea) y en especies monoicas de 

Cytinus (Fernández-Alonso y Cuadros-Villalobos 2012; Villar 1997). 

 Además de la variación intra-individual, la sinorganización es otro atributo que se resalta 

en el género Bdallophytum. Ejemplo de ello es la presencia de sinandrio, es decir, la fusión de los 

estambres, en las flores masculinas de las tres especies. Sin embargo, en B. oxylepis, además de 

la fusión de los estambres, éstos también están unidos congénitamente al gineceo formando un 

ginostemio. La sinorganización es una característica común del orden Malvales (Stevens 2001), 

al cual pertenece la familia Cytinaceae, sin embargo, la presencia de ginostemio no es usual dentro 

del orden y es el caso más extremo de sinorganización (Endress 2016). 

En términos del desarrollo floral, se aprecia que las flores femeninas, masculinas y 

bisexuales comienzan su desarrollo con una simetría bilateral, por lo que son zigomorfas. La 

simetría cambia conforme avanza el desarrollo de las flores unisexuales ya que éstas terminan su 

desarrollo siendo actinomorfas. Las flores bisexuales de B. oxylepis mantienen la zigomorfía 

durante todo su desarrollo hasta las flores maduras. El cambio en la simetría floral durante el 
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desarrollo es común en angiospermas que se desarrollan en inflorescencias de tipo espiga 

(Endress 2012) tal como lo son las especies de Bdallophytum.  

En cuanto a la embriología, el androceo y el gineceo se desarrollan de manera similar en 

las tres especies. No se encontraron diferencias en la gametogénesis ni en la esporogénesis entre 

las especies. Las únicas diferencias radican en el número de aperturas (colpos) de los granos de 

polen y que B. americanum tiene los granos de polen y los óvulos más grandes comparados con 

las otras dos especies. Las características embriológicas son particulares a nivel del género 

Bdallophytum, ya que en las tres especies el desarrollo floral, la esporogénesis y la gametogénesis 

se llevan a cabo del mismo modo y contrastan con algunas características de Cytinus hypocistis, 

tanto en el desarrollo de los granos de polen y de los óvulos (Guzowska 1964, 1966). Además, en 

el presente estudio proponemos a los óvulos unitégmicos de Bdallophytum como una 

sinapomorfía del género. Tales diferencias embriológicas entre Bdallophytum y Cytinus, así como 

la presencia de óvulos unitégmicos, pueden ser de utilidad para anidar a las especies a nivel de 

género. 
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Conclusiones  

El género Bdallophytum (Cytinaceae) es un grupo de holoparásitas (plantas que no fotosintetizan) 

tipo endoparásitas, que se caracterizan porque su cuerpo vegetativo es reducido y crece dentro de 

las raíces de las plantas hospederas. El género Bdallophytum está conformado por cuatro especies, 

de las cuales B. americanum, B. andrieuxii y B. oxylepis se distribuyen en México y B. caesareum 

en sudamérica. Las especies de Bdallophytum parasitan las raíces de los árboles del género 

Bursera. En el presente trabajo se describen aspectos de la biología reproductiva de las especies 

mexicanas de Bdallophytum, en los cuales se pueden encontrar patrones a nivel de género. Las 

tres especies estudiadas presentan flores unisexuales, B. americanum y B. andrieuxii son dioicas, 

mientras que B. oxylepis por presentar además flores bisexuales conviviendo con flores femeninas 

se describe por primera vez como ginomonoica. Por otra parte, la floración de las especies 

comienza después de las primeras lluvias en las poblaciones estudiadas, por lo que las 

inflorescencias de Bdallophytum sólo se encuentran en una temporada corta del año menor a tres 

meses, en los cuales se pueden observar tanto flores como frutos.  

 Por otra parte, la flores de Bdallophytum son de color rojizo oscuro y emiten un aroma 

fétido similar a frutos en descomposición. Dichas características se ajustan al síndrome de 

polinización de sapromiofilia, donde las flores tienen características en relación con la 

polinización por moscas carroñeras. Después del monitoreo de las tres especies mexicanas de 

Bdallophytum¸ se observó que los polinizadores en las poblaciones estudiadas son sírfidos para 

B. americanum, mariposas para B. andrieuxii y abejas meliponinas para B. oxylepis. Aunque los 

polinizadores esperados eran moscas, sus polinizadores han sido reportados con comportamientos 

carroñeros. De las tres especies estudiadas, cada una presenta sus particularidades. Por ejemplo, 

sólo las flores de B. andrieuxii ofrecen néctar como recompensa, las flores masculinas de B. 
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americanum son las únicas que presentan apéndices apicales del tejido conectivo que los 

polinizadores utilizan como plataforma de aterrizaje y atrayente visual, y B. oxylepis es la única 

de las tres que presenta flores bisexuales.  

 Con respecto al desarrollo floral, las tres especies estudiadas presentan el mismo patrón de 

desarrollo. Las flores se desarrollan de manera acropétala y el desarrollo del gineceo y del 

androceo se desarrollan similar en las tres especies. Asimismo, todas las especies exhiben 

variación intra-individual, en donde las flores tienen diferente tamaño y número de tépalos, 

anteras y lóbulos estigmáticos, a lo largo de la inflorescencia. En cuanto a la biología floral, cada 

especie muestra una particularidad. Las flores de B. americanum son las más grandes del género, 

y las masculinas desarrollan apéndices estaminales apicales formados a partir del tejido 

conectivo. Estos apéndices también se presentan en B. andrieuxii, sin embargo, son inconspicuos. 

Además, esta especie puede desarrollar dos morfos masculinos, el primero con las anteras en un 

arreglo paralelo y el segundo con un arreglo desordenado. Por otra parte, las flores bisexuales de 

B. oxylepis se caracterizan por la presencia de ginostemio, una estructura compuesta por la fusión 

de los órganos femeninos y masculinos. El ginostemio se describe por primera vez para la familia 

Cytinaceae.  

 Finalmente, el presente trabajo aborda parte del ciclo de vida de un grupo de plantas 

parásitas poco estudiado. Con ello se espera un mejor entendimiento en la biología de estos 

organismos de difícil estudio. Asimismo, se abren nuevas preguntas de investigación en relación 

con la dispersión de las semillas y su germinación. También si el parasitismo afecta a los 

hospederos o funcionan como ingenieros ecosistémicos como se les ha considerado.  
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Perspectivas 

Dado que las plantas endoparásitas son especies raras y de difícil estudio por su limitada presencia 

en la naturaleza y corta fenología, es preciso conocer el ciclo de vida de dichas especies para 

conocer su papel en las diferentes comunidades en las que habitan. En el presente trabajo se 

demuestra que las endoparásitas de la familia Cytinaceae tienen interacciones especialistas con 

sus polinizadores, los cuales son atraídos por señales multisensoriales emitidos por las flores. La 

polinización es un aspecto clave en el ciclo de vida de las endoparásitas, y para el caso de 

Bdallophytum ahora se conoce que las flores son un recurso importante en tiempos de escasez 

para algunos polinizadores. Aunque aquí se presentan resultados para algunas poblaciones, falta 

conocer y explorar la presencia de especies de Bdallophytum y sus interacciones planta-animal 

en diferentes poblaciones. También resta por conocer otras etapas del ciclo de vida de estas 

plantas como las interacciones relacionadas con la dispersión de frutos y semillas, el proceso de 

germinación en relación con la especificidad por el hospedero y la invasión al hospedero. 

Asimismo, la interacción planta-planta aún se desconoce, por lo que no se sabe si las plantas 

parásitas de Bdallophytum tienen algún efecto negativo en sus hospederos a corto o largo plazo. 
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