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			The fossil record of Equus (Perissodactyla, Equidae) in the Palmares Lacustrine Deposit, Late Pleistocene (Irvingtonian, Ir3), Alajuela province, Costa Rica

			El registro fósil de Equus (Perissodactyla, Equidae) en el Depósito Lacustre de Palmares, Pleistoceno tardío (Irvingtoniano, Ir3), provincia de Alajuela, Costa Rica

			Cristian Calvo1 *, César A. Laurito1, Ana L. Valerio1 & Luis D.Calvo1

			1 Independent Researchers, Vázquez de Coronado, San José, Costa Rica

			*Corresponding author: criscal.1994@gmail.com

			(Recibido: 09-06-2026; aceptado: 19-08-2026)

			Revista Geológica de América Central, 75, 2026, doi: https://doi.org/10.15517/zk5y6k54 

			ISSN: 0256-7024

			
				
					[image: ]
				

			

			Abstract: Dental and postcranial remains of Equus sp. indet. are described, originating from lacustrine sediments that crop out in the Buenos Aires de Palmares locality and surrounding areas. These findings establish an open paleohabitat with a predominance of grasses during part of the Irvingtonian and add a new component to the fossil fauna of this locality.

			Keywords: megafauna; horse remains; Quaternary; vertebrate paleontology; paleoecology; Central America

			Resumen: Se describen restos dentales y poscraneales de Equus sp. indet, procedentes de los sedimentos lacustres aflorantes en la localidad de Buenos Aires de Palmares y alrededores, estos hallazgos permiten establecer un paleo hábitat abierto con predominio de pastos durante parte del Irvingtoniano y agrega un nuevo componente a la fauna fósil de dicha localidad.

			Palabras clave: megafauna; restos de caballos; Cuaternario; paleontología de vertebrados; paleocología; América Central.

			Introduction

			The Palmares lacustrine system is located in the northwesternmost part of the Central Valley tectonic basin, and comprises an area of approximately 50 km2 (Dóndoli, 1951; Vargas, 1976) and a thickness of 90 m (Matthers, 1989). In this region three important zones can be distinguished where the lacustrine sediments crop out (Huapaya & Rojas, 2012). Specifically in the vicinity of the city of Palmares, the paleo lake deposits form a semicircular structure approximately 5 km in diameter that is bordered by several hills, including Alto La Cima, Piedra Grande, and San Isidro to the northwest, the Espíritu Santo volcanic edifice located to the northeast; Las Palmas and Hornos hills to the east; the Crisanto hill to the southeast; and to the south La Candelaria elevations.

			Another important outcrop area is located east of the city of San Ramón, running north-south along the valleys of the Gata and Estero ravines. These two outcrops connect along the Río Grande canyon, where lacustrine sediments also crop out. A third outcrop is located near the towns of La Esperanza and Los Ángeles Sur on the northwest bank of the Barranca River, at the northwestern edge of the Naranjo Sheet (see Fig. 1). Additionally, a fourth small lacustrine sedimentary outcrop is located near Rincón Rodríguez in the Río Grande canyon, where it meets the Colorado River. These sediments appear to be contemporaneous with the Palmares Lacustrine deposits.
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			The Palmares Lacustrine deposits generally consist of alternating layers of centimeter to decimeter thick ash beds with pumice and/or fine diatomite sheets (Dóndoli, 1951). These cover Pliocene deposits of andesites, basaltic andesites, breccias and tuffs of the Aguacate Formation and are partially overlain by Late Pleistocene ignimbrites of the Tiribí Formation (Huapaya & Rojas, 2012).

			The megafauna of the Buenos Aires de Palmares fossil site has been characterized, until now, by the predominance of xenarthrans, with particularly abundant remains of Glyptotherium and Pachyarmatherium. Although the site has been surveyed for over 20 years, horse remains have only been recovered in the last 8 years, and these are analyzed in this paper.

			Age of the Palmares Lacustrine deposits

			Alvarado and Gans (2012), based on 40Ar/39Ar radiometric dating, were able to stratigraphically confine the Palmares Lacustrine Unit. This sedimentary unit conformably overlies a biotite-rich pumice flow, correlatable with the Palmitos Member dated at 0.440 ± 0.01 Ma. In turn, the Palmares Lacustrine Unit is overlain by an ignimbrite layer correlated with the Tiribí Formation, which entered directly into the ancient lake and was dated by these authors at 0.322 ± 0.002 Ma.

			The radiometric age range between 440 ky - 322 ky established by Alvarado and Gans (2012), allows us to assign to the fossil fauna of the Palmares lacustrine deposits an Irvingtonian age (NALMA or North American Mammal Age), specifically circumscribed to Ir3 which covered 0.6 Ma – 0.25 Ma.

			Systematic paleontology

			Order PERISSODACTYLA Owen 1848

			Family EQUIDAE Gray 1821

			Subfamily EQUINAE Gray, 1821

			Equus sp. indet.

			Material: BS-001 a fragment of a right upper premolar or molar, CFM-5406 a fragment of enamel from an upper tooth, CFM-5405 a crown corresponding to a lower incisor, and CFM-5404 a fragment of the left anterior scapula. The specimens with the acronym CFM are housed at Museo Nacional de Costa Rica.

			It should be noted that all the specimens studied were collected by the authors between 2018 and 2026, during different field visits.

			Descriptions

			The specimen BS-001 shown in figures 2.1a-d corresponds to a longitudinally fragmented right upper premolar or maxillary molar, possibly PM4- M1 or M2, of which approximately one-quarter is preserved, with a width of about 2 cm. The postfossette is completely visible on its occlusal surface, while only part of the enamel folds and the protoconule of the prefossette are preserved. The molar also retains part of the metastyle, expressed in the enamel of the distal end, part of the metaloph and most of the metacone which has an irregular crescent shape.
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			The postfossette exhibits a conspicuous, elongated, and slightly widened pli postfossette, and a short but well-defined pli hypostyle at its distal end. Furthermore, the postfossette is notable for its complex plication, with 7 plis postfossette and a tiny, isolated loop.

			The prefossette, in what can be observed of the preserved portion, is characterized by 4 plis prefossette of which 3 are relatively wide and deep; and an elongated and almost closed pli protoconule.

			CFM-5405 (Fig. 2.2a-c) corresponds to a second left lower incisor, of which only the crown was preserved. The crown is characterized by a subtriangular contour and a prominent infundibulum, with a convex labial surface and a concave lingual surface.

			CFM-5406 (Fig. 2.3) corresponds to an enamel fragment from a maxillary molar or premolar of uncertain position.

			CFM-5404 (Fig. 3) corresponds to a scapular fragment of approximately 20 cm long; on its medial face (Fig. 3a) the subscapular fossa (sf) is observed, which is slightly concave with a rounded caudal end, and on its lateral face (Fig. 3b) part of the scapular spine (ss) and the infraspinous fossa (if) is preserved, which is slightly concave and triangular in outline. The distal end of the scapula (Fig. 3c) preserves most of the glenoid cavity (gc), which extends beyond the contour of the scapular neck, measuring 6.801 cm wide. It is slightly parabolic in shape with an elliptical outline, its width being 5.803 cm. Its length cannot be determined because its cranial end is broken down to the base of the supraglenoid tubercle (st). On the lateral surface, the coracoid process (cp) is prominently featured and perfectly preserved, appearing as a medial projection of the supraglenoid tubercle (st), rounded in shape and is approximately 0.7 cm high, 1.5 cm long and 0.8 cm wide. Finally, the cranial border of the scapula is slightly rounded and narrow, ending in a slight protuberance where it meets the supraglenoid tubercle. 
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			Discussion and conclusions

			The recovered scapular fragment, measuring only 20 cm and corresponding to just over the anterior third, allows us to conclude that its total length was around 50 to 52 cm, a size comparable to the size of an average adult Equus caballus today, with an average body length of 2.4 meters and a height at the withers of 1.4 to 1.8 meters (see Kawareti et al., 2017).

			Furthermore, the upper molar fragment, although incomplete, exhibits a relatively complex enamel fold pattern in its posterior fossa, similar to that observed and described in some specimens of the morphospecies “Equus complicatus” (see, for example, specimen UI 122b in Hay, 1914, p. 167, fig. 58, which was redrawn and illustrated by Eisenmann et al. (2025), fig. 32). The complexity of the enamel folding, compared to that of relatively more ancestral forms of Equus, could be consistent with the specimen’s age and suggests that it might represent a geologically recent form of the genus. However, this does not allow us to conclude that it represents a specific species of Equus because the fragment is too incomplete to support a species – level identification.

			Paleoecology

			The Equus genus in the Palmares lake is mainly associated with common fossils of Glyptotherium texanum Osborn, 1903 and Pachyarmatherium leysei Downing-White, 1995 (Laurito et al., 2005; Valerio & Laurito, 2011), but in comparison with xenarthrans, the representation of Equus is very low in numbers of fossils, this has also been observed for the Pleistocene faunas of Guatemala (Dávila et al., 2019).

			The abundance of Glyptotherium remains associated with lacustrine sediments, and in this case the Palmares unit, is not uncommon. Gillette & Ray (1981) noted in North America that the findings of Glyptotherium remains were associated with riverine deposits, lakes and other bodies of water, similar to the habitats of present-day capybaras.

			The niche analysis for Glyptotherium by Magoulick et al. (2025) supports the hypothesis that Glyptotherium thrived under relatively warm temperatures and high levels of precipitation during the colder months, and that cold conditions may have limited its distribution. This would explain the abundance of Glyptotherium remains in southern Central America and could also help explain the low representation of Equus in Neotropical latitudes near the equator during the Pleistocene. However, the development of grasslands during the Late Pleistocene in southern Central America remains unclear.

			Another important fact is that Glyptotherium had a mixed C3/C4 diet; however, the values obtained, for example, in the locality of El Cedral in San Luis Potosí, Mexico, by Pérez-Crespo et al. (2009), suggest that this animal mainly ate grasses. This is similar to what was suggested by Fariña & Vizcaíno (2001) and Rincón, White & McDonald (2008), who have indicated that this species inhabits savannas or grasslands.

			On the other hand, based on the analysis of the carbon and oxygen isotopic composition of the Equus remains in the Late Pleistocene (Rancholabrean) of Chiapas in Southern Mexico, Pérez-Crespo et al. (2015) reported that those horses consumed C4 plants.

			Interestingly, isotopic analyses and meso and microwear studies conducted by Pérez-Crespo et al. (2009) and Barrón-Ortíz et al. (2014) on specimens of Equus conversidens from Cedral, San Luis Potosí, dating to the Late Pleistocene, showed that this horse species based most of its diet on C4 plants, although some individuals had mixed C3/C4 diets. This suggests that some species and individuals of the genus Equus in the Pleistocene could supplement their diet with a reduced intake of C4 plants.

			This allows us to hypothesize for the moment that in the surroundings of the Palmares Lake (1000 m a.s.l.) in the Upper Pleistocene, open environments predominated, with some degree of notable development of grasslands with patches of forest, which provided food and access to an important body of water for groups of large herbivores.
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Fig. 1: Synthetic geological map of the Palmares and San Ramén sector, modified from Huapaya and Rojas (2012), and
location of the fossiliferous site at Buenos Aires town.
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ABSTRACT: Dental and postcranial remains of Equus sp. indet. are described, originating from lacustrine sediments that
crop out in the Buenos Aires de Palmares locality and surrounding areas. These findings establish an open paleohabitat with a
predominance of grasses during part of the Irvingtonian and add a new component to the fossil fauna of this locality.
Keywords: megafauna; horse remains: Quaternary: vertebrate paleontology: paleoecology: Central America

RESUMEN: Se describen restos dentales y poscraneales de Equus sp. indet, procedentes de los sedimentos lacustres afloran-
tes en la localidad de Buenos Aires de Palmares y alrededores, estos hallazgos permiten establecer un paleo hébitat abierto
con predominio de pastos durante parte del Irvingtoniano y agrega un nuevo componente a la fauna fosil de dicha localidad.
Palabras clave: megafauna; restos de caballos; Cuaternario: paleontologia de vertebrados; paleocologia;: América Central.

Introduction

The Palmares lacustrine system is located in the northwesternmost part of the Central Valley tectonic basin, and com-
prises an area of approximately 50 km? (Doéndoli, 1951; Vargas, 1976) and a thickness of 90 m (Matthers, 1989). In this
region three important zones can be distinguished where the lacustrine sediments crop out (Huapaya & Rojas, 2012).
Specifically in the vicinity of the city of Palmares, the paleo lake deposits form a semicircular structure approximately 5
km in diameter that is bordered by several hills, including Alto La Cima, Piedra Grande, and San Isidro to the northwest,
the Espiritu Santo volcanic edifice located to the northeast; Las Palmas and Hornos hills to the east; the Crisanto hill to the
southeast; and to the south La Candelaria elevations.

Another important outcrop area is located east of the city of San Ramon, running north-south along the valleys of the
Gata and Estero ravines. These two outcrops connect along the Rio Grande canyon, where lacustrine sediments also crop
out. A third outcrop is located near the towns of La Esperanza and Los Angeles Sur on the northwest bank of the Barranca
River, at the northwestern edge of the Naranjo Sheet (see Fig. 1). Additionally, a fourth small lacustrine sedimentary out-
crop is located near Rincén Rodriguez in the Rio Grande canyon, where it meets the Colorado River. These sediments
appear to be contemporaneous with the Palmares Lacustrine deposits.
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Fig. 2: Equus sp. dental remains: BS-001 a fragment of a right maxillary molar. it could corresponds to PM*. M! or M2, la.
stereographic image of the occlusal surface. 1b. schematic drawing detailing the pattern of enamel folds. lc. commissur

view and 1d. vestibular view. CFM-5405 a Left lower incisive ,i. 2a. in labial view. 2b. in lingual view and 2c. a detail of
the infundibulum in occlusal view. 3 5406 a fragment of enamel from an upper prem or molar tooth of uncertain

position. Visual scale = 1 cm.






