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Introduction 

Heterosporous water ferns include two families, Salviniaceae and Marsileaceae, both 
forming a monophyletic clade within the order Salviniales (Smith et al., 2006; PPG 1, 
2016). Salviniaceae comprises two extant genera with worldwide distribution: Azolla 
with approximately seven species, and Salvinia with ten (Tryon and Lugardon, 1991; 
Nagalingum et al., 2006). Marsileaceae is represented by three extant genera: Marsilea 
comprising about 50 species with worldwide distribution; Regnellidium with one species 
restricted to a small region of southern Brazil, Paraguay, and Argentina; and Pilularia 
represented by five species with nearly worldwide distribution (Tryon and Lugardon, 
1991; Nagalingum et al., 2006). The fossil record of the water ferns indicates a past 
worldwide distribution and goes back to the Late Jurassic or Early Cretaceous, although 
the group seems to have gone major diversification during the Late Cretaceous, at the 
same time as the flowering plants, but interestingly after the K/Pg boundary they rapidly 
declined in diversity (Collinson, 1991; Rothwell and Stockey, 1994; Yamada and Kato, 
2002).  

At the Somuncurá Massif, northern Patagonia, Argentina, a series of 
lithostratigraphic units of continental and mixed origin was deposited during the 
Campanian-Danian interval (Gandolfo et al., 2014). These units correspond to the Paso 
del Sapo, Lefipán, and La Colonia formations. These formations are characterized for 
carrying highly diverse microfloras that are so far poorly studied. Nevertheless, 
preliminary work at the La Colonia Fm. suggests the presence of one of the most diverse 
and well-preserved aquatic plant communities for the Cretaceous of the Southern 
Hemisphere (Cúneo et al., 2014).  

The aquatic components of La Colonia Formation are represented by macro- and 
microfossil remains (Archangelsky et al., 1999; Gandolfo and Cúneo, 2005; Cúneo et al., 
2013; Hermsen et al., 2013; Gallego et al., 2014; De Benedetti et al., 2018, Hermsen et 
al., 2019). These include free-floating macrophytes related to Salviniaceae (Azolla 
coloniensis and Paleoazolla patagonica) and Araceae (Aquaephyllum auriculatum), 
rooted macrophytes related to Marsileaceae (Regnellidium thomas-taylorii and 
Mirasolita irupensis) and Nelumbonaceae (Nelumbo puertae), and free-floating green 
algae (Botryococcus, Pediastrum, and spores of the Zygemataceae) (Cúneo et al., 2014).   

Recently, a diverse association of aquatic fern spores recovered from a few 
palynological samples was reported for the La Colonia Formation (De Benedetti et al., 
2019). Marsileaceae is represented by Molaspora lobata and M. reticulata megaspores 
and the associated microspores Crybelosporites pannuceus and Gabonisporis cristata, 
while Salviniaceae is represented by megaspores and microspore massulae of Azolla 
coloniensis, Azolla sp., Paleoazolla patagonica, Azollopsis coccoides, and Azollopsis 
intermedia. This spore assemblage is the most diverse so far known for South America 
and the Southern Hemisphere, and it is clear evidence of the remarkable radiation of 
aquatic ferns at the end-Cretaceous worldwide. Among these, Azollopsis and the recently 
emended genus Paleoazolla (De Benedetti et al., in press) are of particular interest for 
understanding the evolutionary transitions of the water fern clade. Paleoazolla is 
characterized by producing two megaspores per megasporangium, a feature that reveals 
critical gaps in our current knowledge on the evolution of monomegaspory in 
heterosporous water ferns. 

Although the paleofloristic remains of La Colonia Formation were collected in three 
localities (Cerro Bosta, Quebrada del Helecho and Cañadón del Irupé), the area is mostly 



unexplored (Gandolfo et al., 2014). The Late Cretaceous of South America is scarcely 
known in terms of water ferns macrofossils, but it is during this period that the 
diversification of this group occurred. As mentioned above, the La Colonia Formation 
contain one of the most diverse aquatic plant communities but also one of the most 
important water fern spore assemblage of the Southern Hemisphere. The high potential 
of these outcrops to preserve both macro- and microfossils notably denotes the 
importance to expand the fieldwork in those sites where the aquatic fern fossils were 
recovered, but also the prospection of the entire area in search of new fossiliferous 
localities. 

Funds requested in this grant will be used to cover the expenses for a 10 days 
paleobotanical field season for eight people to the La Colonia Formation deposits, 
Patagonia, Argentina. The La Colonia water ferns will help us to gain better 
understanding on the anatomy of the earliest representatives of modern and extinct genera 
and their position in the overall water fern phylogeny, and of the paleoenvironments in 
which they grew. Finally, it should be noted that this objective will also open the doors 
to a better comprehending of the mass extinction phenomenon that took place during the 
K-Pg worldwide but more specifically in the Southern Hemisphere. 
 
Materials and Methods 

The likelihood of success of this project is extremely high. The Paleontological 
Museum Egidio Feruglio (MEF) has both the infrastructure and technical equipment to 
accomplish the project. Pick-up trucks, pneumatic hammers, tents, geological equipment, 
etc., are specially prepared for this kind of work. The museum employs qualified 
technicians to help with field and laboratory work, and counts with an equipped lab for 
acid treatments, stereoscopic, optical and fluorescence microscopes that are available for 
the duration of the project. The fossils will be housed at the Paleobotanical collection of 
the MEF. Finally, I plan to include in the fieldtrip an advanced Paleontology 
undergraduate student for helping in his/her professional training. 
 
Objectives 
The major goals of this project are: 

- Identify and describe the high diversity of water ferns present at the Late 
Cretaceous La Colonia Formation deposits based on both macro- and microfossils 
remains.  

- Include fossils in a phylogenetic framework and discuss some possible trends of 
character acquisition taking into account their geographic and stratigraphic 
distribution. 

- Compare the diversity of La Colonia with contemporary associations known from 
the Southern Hemisphere to evaluate the major changes across the K/Pg 
transition.    

- The palynologycal assemblage of La Colonia will be compared with other 
Patagonian and Southern Hemisphere palynofloras with the main objective of 
understanding biogeographical patterns. 
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