
Project Details 
Title of proposed project: Collection of Mexican members of the Galphimia clade: unravelling the 

diversity and evolution of floral glands in the clade. 

 

Description of the project in less than 50 words: The large oil-secreting glands of the Neotropical 

Malpighiaceae may be absent or occur in smaller size or lower number in Galphimia clade, similar to many 

Paleotropical lineages. We here request the IAPT support for collect Galphimia in its centre of diversity in 

Mexico, in order to unravel the morphology, anatomy and evolution of floral glands in this key clade of 

the family. 

Total budget request: 2,000 usd 

 

Project Proposal 

Malpighiaceae contain 77 genera and approximately 1300 species distributed in the Paleotropics 

(15 genera) and Neotropics (62 genera), where the family has its center of diversity (1, 2). Phylogenetic 

analyses have suggested that the family has originated in the Cretaceous (69 mya), with subsequent 

migrations towards the north through the Caribbean basin during the Paleocene and perhaps until the 

Miocene (3). This migration towards the north was key in the establishment of Malpighiaceae in the 

northern hemisphere and in Mexico a number of lineages have emerged and diversified, the latter being 

the case for Galphimia.  

Malpighiaceae are promptly recognized by their simple opposite leaves, usually bearing a pair of 

glands, pentamerous flowers with clawed petals, 4 - 5 sepals bearing a pair of large oil glands, dry-winged 

fruits in the shrubs and lianas and flesh fruits in the trees (2). The systematics of Malpighiaceae has been 

explored during the last decades with the aid to use molecular data for obtain a robust phylogeny tree. 

Currently, 19 major lineages are now available allowing studies of character evolution and diversification 

in the family (2, 3).  

The Neotropical Galphimia clade includes the genera Galphimia, with 26 species (5), Spachae, with 

6 species (6), Lophanthera, with 5 species (7) and Verrucularia, with 2 species (8). Galphimia is the largest 

genus and displays high diversity in dry habitats in Mexico with only four species restrict to Amazon Rain 

Forest of South America (3, 5). Galphimia species range from large herbs, to shrubs and treelets, and are 

distinctive by eglandular stipules, eglandular bracteoles, and glabrous receptacle; the leaves bearing 

marginal glands, the cincinni always reduced to one flower, without lateral outgrowths on anther locules. 

The calix glands are either absent or represented by up to five tiny glands that occur singly just below the 

sinus between adjacent sepals. In some species, the loss of calyx glands has been accompanied by a shift 

toward large anthers and nearly radial flowers; the pollinators are probably pollen-collecting bees, not the 

oil bees that pollinate most Neotropical Malpighiaceae (5, 9). Similarly, works from our team have shown 

that in the Paleotropical Acridocarpus genus, the sepal glands act as nectaries and receive visitors distinct 

from Neotropical species (10). We saw in this genus that the distributional pattern of sepal and bracteole 

glands were also informative, supporting the sister-taxon relationships between species of Acridocarpus 

from Madagascar and New Caledonia. Considering that presence, size, location and number of sepal gland 

in Galphimia resemble Acridocarpus, description of these glands will shed new light to understand floral 

evolution of Neotropical and Paleotropical Malpighiaceae within a comparative anatomical and 

phylogenetic approach.   

In Malpighiaceae, elaiophores, osmophores and floral and extrafloral nectaries have been 

anatomically described (10, 11, 12, 13, 14, 15, 16). The non-volatile oils secreted by the elaiophores act as 

a reward to pollinating bees, mainly from bee tribe Centridini, which are oil collecting bees (4, 17, 18, 19). 

As these bees are endemic to the Neotropics, their absence in the Paleotropics (3, 19) led to a reduction in 

the number of sepal glands or changes in their secretion process since they secrete nectar by acting as 

nectaries (11). However, nothing is known on what may have led to the loss of these glands within the 

Neotropics, although it is known that the behavior of oil collecting bees has been key in the evolution of 

sepal elaiophores in Neotropical Malpighiaceae (19, 20). 

Studies of anatomical diversification and evolution has been a growing field in recent years, and 

our team has been focusing intensively in the Malpighiaceae (10, 11, 12). Our approach has contributed to 



clarify taxonomic problems such as the characters that allowed the distinction of species of Banisteriopsis, 

Byrsonima and Heteropterys (11). New morpho-anatomical characters were provided to better describe the 

species de Glandonia prancei. G. macrocarpa, G. williamsii (12). In Acridocarpus, an eglandular calyx 

associated to a glandular bracteole seems to be exclusive to the species from Madagascar and New 

Caledonia (10) giving support to the phylogenetic relationships proposed by Anderson and Davis (2010), 

as opposed to condition of most species from continental Africa and the Arabian Peninsula. 

From the 26 species of Galphimia, only 9 species, G. arenicola, G. glandulosa, G. hirsuta, G. 

montana, G. oaxacana, G. mirandae and G. tuberculata from México, and G. australis and G platyphylla 

from South America have small or tiny sepal glands, with the number of glands varying from one to five 

in the same species (5). Therefore, Galphimia is an ideal model to investigate the evolutionary pattern of 

sepal glands in Neotropical Malpighiaceae, since up to the present moment the Neotropicals sepal glands 

were described as elaiophores. To accomplish our goal, collection and fixation of samples directly in the 

field is essential to correctly preserve the samples, and be able to provide undisputable and detailed 

descriptions. We intend to carry out our collection expeditions in different places of the Mexican Republic 

in order to observe living plants and record any presence of exudate, to test whether these potential exudates 

correspond to hydrophilic or lipophilic substances, to verify glucose presence in the secretion and register 

presence of visitor on the flower and leaf. Samples will be fixated for the further anatomical analysis in 

Brazil. Vouchers of all specimens will be deposited in the National Herbarium of Mexico (MEXU -UNAM) 

and the Federal University of Viçosa (VIC), with duplicates sent to the main herbaria dedicated to 

Neotropical flora or Malpighiaceae (e.g., MO, MICH, US, K).  

 

Material & Methods 

 

Taxon sampling 

Mexico is the center of diversity of Galphimia. According to a thorough search for the herbariums and the 

SpeciesLink website, the vast majority of species are found in the Mexican Republic, where the species 

with sepal glands were reported for the southwest in the States of Chiapas, Guerrero and Oaxaca and for 

west in the States of Colima, Jalisco, Michoacán and Nayarit. Eglandular species are widely distributed 

across the country. Information about flowering will be obtained from the National Herbarium of Mexico 

(MEXU) in order to plan the best period for field expedition within the rainy season. We are in 

collaboration with Professor Marcelo R. Pace from the Universidad Nacional Autónoma de México 

(UNAM), who already has collection permits for Mexico, being able to send away duplicates. Also, we 

will count with all the logistics of the Institute of Biology og UNAM for the expeditions, including a car, 

a field drier and fixatives.  

Urinalysis reagent strips will be applied to test in the field the presence and concentration of both glucose 

and protein in the exuded (Insight, Acon Laboratories, San Diego, USA). A Sudan black and  Sudan red 

will be used to detect lipid compounds in the exudate present on the surface of the glands (21).  

 

Anatomical and SEM analysis 

The samples of stems, leaves, inflorescence, and stems collected in the field will be immediately 

fixed with Neutral Buffered Formalin - NBF (22) and will later be submitted to usual methodology in the 

Plant Anatomy Laboratory at the Universidade Federal de Viçosa (Brazil). 

As mentioned before, vouchers will be deposited at MEXU, VIC and other international herbaria 

(23). During the trip, we will also visit the MEXU Herbarium for collecting herbarium samples in order 

obtain the highest possible number of species and specimens. We aim to work with samples from three 

specimens of each species. The herborized samples will be processed according standard methodology in 

the Plant Anatomy Laboratory at UFV in Brazil.  

Micromorphological data will be obtained using a scanning electron microscope (SEM) at the 

Center for Microscopy and Microanalysis, Universidade Federal de Viçosa. Fixed samples will be 

dehydrated in an ethanol series, submitted to the critical point technique (CPD 020; Bal-Tec, Balzers, 

Liechtenstein), sputter coated with gold (24), and observed and photographed using a Leo 1430VP SEM 

(Zeiss, Cambridge, United Kingdom). 



 

Objectives 

• Collecting stems, leaves fragments of the inflorescences and flowers of the species of Galphimia 

occurring in Mexico and field observations to record the floral visitors; 

• Sampling and analysis of the exudates in situ to determine their composition; 

• Describing the species sampled and relate the presence or absence of the glands with the distribution of 

the genus in the Neotropics; 

• Process the material and describe the morphoanatomy and histochemistry of the sepal glands of the 

sampled species, in order to relate structure and ecological function; 

• Contribute with vouchers to enrich herbarium collections and knowledge of the genus.  

 

Budget plan 

In the present budget plan, the 2,000 USD would be used to buy flying tickets from Brazil to Mexico 

(approximate cost 900 USD), fuel and food for a 22 days field expedition and 8 days for visiting herbarium 

(approximate cost 1100 USD).  
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