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Introduction

The Neotropical biogeographical region stands as one of the richest in deer diversity, with the marsh deer (Blastocerus dichotomus, Illiger, 1815) emerging as the largest contemporary species (González and Duarte, 2020). Historically, this species roamed across various wetland habitats throughout Argentina, Bolivia, Brazil, Paraguay, Peru, and Uruguay (Weber and González, 2003). However, extensive habitat loss has led to a drastic reduction in its distribution, with current populations being small and isolated (Pinder and Grosse, 1991; Tomas et al., 1997). Although marsh deer once inhabited northeastern Brazil during the Pleistocene (Pinder and Grosse, 1991; Magalhaes et al., 1992), no paleontological or archaeological evidence exists for their presence in the Holocene north of latitude 10° S. Today, relictual populations persist in key areas such as the Pantanal in Brazil, and the Iberá and Paraná Delta in Argentina (Pinder and Grosse, 1991; Beccaceci, 1994; Mauro et al., 1998; Varela, 2003).

Currently, in Uruguay, the marsh deer is considered extinct in the wild, marking the southernmost limit of its range and the distribution boundary for several species of tropical flora and fauna, fostering the assembly of diverse ecotypes (González and Lessa, 2014). Historical records place the species in the departments of Rocha and Treinta y Tres within the wetlands of the “Bañados del Este,” and along the Uruguay River to the west (González, 1994). The last documented sighting dates to the capture of a specimen in 1958 in the marshy area known as “Los Indios” (Arredondo, 1959). Additionally, in 1991, an individual was poached in the Department of Soriano, though it likely originated from the Tigre Delta area in Argentina rather than representing a stable population in Uruguay (González, 1994). Evidence suggests that populations existing north of the Cuareim River in Brazil, near the Uruguayan border, may extend into the Artigas Department (Autuori, 1972).

In Argentina several contributions have recognized the presence of Blastocerus during the Platan Stage/Age, spanning from 8000 years BP to the present, as documented by Menegaz (2000); Alcaraz (2010), and Cione and Tonni (1999), Cione and Tonni (2005). Additionally, references to cf. Blastocerus have been made in the Argentine Pampean region during the Late Pleistocene (Chimento et al., 2019; Vezzosi et al., 2019). Concerning the archaeological record, numerous studies have documented the presence of marsh deer in Argentina, contributing significantly to our understanding of the species’ historical distribution within the region (Politis et al., 2011; Rodriguez and Bonomo, 2021).

However in Uruguay the presence was cited in archaeological sites (Moreno, 2016). During a drought in 1995, the retraction of the edge of Negra Lagoon (33° 95’ 83” S, 53° 38’ 41” W) led to the recovery of two partial male skeletons, though the fossilization process precluded material isolation for dating and genetic analysis (Roibal et al., 1996). In this report, we document the discovery of a complete male skull recovered in 2010 from the coastline of the Solís Grande stream, situated on the border of the Canelones and Maldonado departments in Uruguay (Figure 1). Our objective was to estimate the specimen’s age through radiocarbon dating, extract DNA, and analyze with mitochondrial marker to compare them with haplotypes described in Argentina and Brazil.




Figure 1 | Geographic range of Blastocerus dichotomus and current known populations. 1 – Krahô Indian Land, Brazil; 2 – Southern Maranhão state, Brazil; 3 – floodplains of the Araguaia and Mortes rivers, Brazil; 4 – Xingu National Park, Brazil; 5 – Guaporé river floodplains in Bolivia and Brazil; 6 – Park Noel Kempff, Bolivia; 7 – Pampas del Heath floodplains, Peru; 8 – upper Guaporé river floodplains, Brazil; 9 – San Matias region, Bolivia; 10 - Pantanal wetland, Brazil; 11 – Emas National Park and Correntes river, Brazil; 12 – Grande Sertão Veredas National Park and headwaters of tributaries of São Francisco River near to the Serra Geral de Goiás/Chapadão and Eastern Bahia, Brazil; 13 – Jataí Ecological Station, Brazil; 14 – tributaries of the Porto Primavera Dam, Brazil; 15 – Floodplains of the Paraná river, Brazil; 16 – Esteros de Iberá/Esteros Santa Lucía, Riachuelo, Miriñay y Batel/Cuenca del Aguapey, Corrientes, Argentina; 17 – Delta del Paraná, Argentina; 18 – Wetlands of Eastern Formosa and Chaco, Argentina; 19 – Department of Beni, Bolivia; 20 – Otuquis National Park, Bolivia; 21 New record Department of Maldonado, Uruguay. Map based on Piovezan et al. (2010).







Methods




Sample collection

In the summer of 2010, during a drought along the coastline of the Solís Grande stream (34° 44’ 14.33” S; 55° 27’ 3.68” W), bordering the departments of Canelones and Maldonado in Uruguay, a marsh deer skull was observed and manually extracted. The sedimentary deposits are from the Quaternary period, composed of very fine sand and Holocene mud, specifically located on the river margin with variable depth (Spoturno et al., 2012). The substrate is characterized by elongated bays, each with moderate concavity and asymmetry towards the east, filled by beach deposits and wind accumulations. The skull was photographed and measured, confirming it as an adult male marsh deer (see Supplementary Figures 1–3; Supplementary Tables 1–3).





Radiocarbon dating

Approximately 1 g of turbinate bone was extracted and sent to the Accelerator Mass Spectrometry Laboratory at the University of Arizona for radiocarbon dating. Radiocarbon ages were calculated as weighted averages of combined machine runs, with a small sample correction applied to samples with a carbon mass less than 0.50 mg.





DNA extraction and PCR amplification

Genomic DNA was extracted from tissue samples (50 mg) following González et al. (1998) protocol. We used two set of primers to amplify a partial fragment of the D-loop 364 bp. DNA was amplified using two primers designer with Primer 3 software specifically for marsh deer (BD1F Primer 1 → 5’ACCAATCTCCTAAGACTCAAGG -3’ and BD1R Primer 2 → 5’TGGCTATTGAGTACAAAACTGT-3’ and DLFHB F 5’GCGGCATGGTAATTAAGCTC 3’, DLRHB R 5’CATTACATTATATGCCCCATGC 3’).

The PCR reactions were set up in a type II A laminar flow chamber with UV light in a room separate from that with the real time PCR thermal using negative controls.

PCRs were performed in 10 μL reactions with 1× Sensimix Evagreen PCR Buffer containing a hot-start DNA polymerase (Bioline) for high specificity and sensitivity PCR, 0.3 pM of each primer, and 0.7–1.5 μL of DNA extract. Two replicates were prepared for each sample and PCR negative controls were included for each set of reactions. PCR was done in a Corbett 6000™ (Rotor Gene) thermal cycler using the following conditions: an initial denaturation at 95°C for 10 min, followed by 45 cycles of 15 s at 95°C, 15 s at 55°C and 15 s at 72°C. The final extension was 10 min at 72°C. The HRM step included a 65–95°C ramp increasing at 0.1°C per step with a 2 s pause at each step.

PCR products were purified with DNAClean and Concentrator™ (Zymo Research™) kit and diluted to an equal final concentration using a Nanodrop 1000™ Spectrophotometer (Thermo Fisher Scientific). The amplicons were sent to sequence by the Sanger method to Macrogen service System Sequencer (MACROGEN Inc., Korea).





Bioinformatic analysis

Sequences were aligned and edited using MEGA11 (Tamura et al., 2021) and compared with the nucleotide database available in the National Centre for Biotechnology Information (NCBI) using the BLAST utility. Diversity indices such as haplotype and nucleotide diversities were calculated, and the number of polymorphic sites determined. Evolutionary genetic distances among haplotypes were determined using the Kimura 2-Parameter distance, with nucleotide sequence data analyzed using Maximum Parsimony (MP) and Neighbor Joining (NJ) methods (Kimura, 1980; Bandelt et al., 1999; Rozas et al., 2017).





Haplotype networks

To evaluate the evolutionary relationships among haplotypes and their geographic distribution, a haplotype network of D-loop sequences was constructed using the median-joining network approach implemented on PopART 1.7 (Márquez et al., 2006; Leigh and Bryant, 2015). We downloaded all the available D-loop sequences deposited in GenBank for the marsh deer, representing 17 haplotypes (AY326235–AY326251).






Preliminary analysis and conservation implications

Radiocarbon dating yielded a calibrated age range of 294 years to the present with a 95% probability, confirming the presence of marsh deer in Uruguay over the last three centuries and extending the species’ geographic range, providing valuable insights into its historical distribution.

Furthermore, the analysis of a 364 bp D-loop fragment and comparison with haplotypes from six South American localities including Argentina, Bolivia, and Brazil revealed significant genetic diversity and past population dynamics of marsh deer in the region (Figure 2). The R haplotype displayed a clear connection to Brazilian haplotypes, indicating a population expansion from the ancestral A haplotype, which underwent four mutations in the haplotype network.




Figure 2 | Minimum Spanning Network D-loop haplotypes connection using the median-joining network approach implemented on PopART 1.7 (Leigh and Bryant, 2015). The new record is BD5 belonging to haplotype R submitted to GenBank, PP662912.



Identification of a new haplotype in this skull sample provides compelling evidence for the presence of marsh deer populations in southeast Uruguay. These findings underscore the critical need for habitat restoration as a clear mandate for planning future rewilding strategies.
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