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Resumen:
							                           
La Altillanura es un ecosistema único de los Llanos colombianos, caracterizado por sabanas bien drenadas y grandes extensiones de bosques ribereños. La Altillanura alberga ricas comunidades poco estudiadas y actualmente amenazadas por la agroindustria a gran escala y no planificada. Además, el número de áreas protegidas públicas en la Altillanura no es suficiente para conservar los hábitats y especies amenazados. Por lo tanto, los esfuerzos de las reservas privadas son cruciales para la conservación de la biodiversidad de la región. Presentamos el primer listado de especies del Tomogrande, reserva natural privada y estación de investigación científica en el municipio de Santa Rosalía, Vichada, Colombia. Después de diez años de investigación en curso, hemos registrado 299 especies de plantas, 189 especies de aves y 47 especies de mamíferos. En comparación con otras reservas naturales privadas en Vichada y con el Parque Nacional Tuparro, el área protegida más grande de la región, Tomogrande hace una contribución sustancial a la conservación de los tres grupos taxonómicos. Abogamos por una mejor planificación del paisaje y que prácticas sostenibles sean obligatorias en la Altillanura, a fin de proteger su biodiversidad y los medios de vida de todos los actores que habitan esta región.



Palabras clave: Avifauna, Bosques de Terra Firme, Bosques inundables, Conservación, Flora, Mamíferos, Reserva Privada, Sabanas, UICN.
		                         


Abstract:
						                           
The Altillanura is a unique ecosystem within the Colombian Llanos, characterized by well-drained savannas and extensive riparian forests. The Altillanura harbors a rich assemblage of species, largely understudied and currently under threat by large-scale and unplanned agribusiness. Moreover, the number of public protected areas in the Colombian Llanos, particularly in the Altillanura, is insufficient to conserve the threatened habitats and species. Therefore, conservation efforts by private reserves are crucial for the protection of the region’s biodiversity. Here we present the first species list of the Tomogrande, a private nature reserve and scientific research field station in the municipality of Santa Rosalía, Vichada, Colombia. After ten years of ongoing research, we have recorded 299 species of plants, 189 species of birds, and 47 species of mammals. Compared to other private nature reserves in Vichada and the Tuparro National Park, the largest protected area in the region, Tomogrande makes a substantial contribution to the conservation of all three taxonomic groups. We advocate that better landscape planning and sustainable practices should become mandatory in the Altillanura to protect its biodiversity and the livelihoods of all stakeholders that inhabit this region.



Keywords: Conservation, Flooded Forests, Flora, IUCN, Mammal Fauna, Ornithofauna, Private Reserve, Savannas, Terra Firme Forests.
                                








Introduction


The Colombian Llanos contain diverse ecosystems, including tropical savannas and gallery forests along watercourses, with unique assemblages of flora and fauna (Rangel-Ch., 2015). However, the biotic communities present in the Colombian Llanos are poorly represented in the national parks system (Arango et al., 2003; Forero-Medina & Joppa, 2010). This oversight is problematic because the Llanos, like other savanna ecosystems around the globe, are threatened by renewed interests in arable land for agriculture (Andrade et al., 2013; Gücker et al., 2009; Lavelle et al., 2014; Veldman et al., 2015). Drastic land-use change due to mechanized agriculture, extensive monocultures of oil palm or seasonal crops, and massive afforestation projects using exotic timber species is jeopardizing the ecological stability and resilience of the Llanos (Castiblanco, 2014; Castiblanco et al., 2013; Romero-Ruiz et al., 2012; Vargas et al., 2015). In fact, if land transformation of the Colombian Llanos remains unregulated, ecosystem integrity may be lost through irreversible changes in the composition of its biodiversity (Andrade et al., 2013; Romero-Ruiz et al., 2012). Moreover, the llanos harbor the largest amount of freshwater in Colombia, jeopardized by agribusiness toxic wastes (IDEAM, 2015). Toxic wastes, in turn, threatens freshwater species and human welfare (Power, 2010). Therefore, it is paramount to increase the size and the number of conservation areas, so the biodiversity and natural resources of the Colombian Llanos can be adequately protected.

An effective way to increase protected lands in the Llanos is to establish private reserves (Langholz et al., 2000; Pegas & Castley, 2016). Private reserves can maintain key ecosystem services successfully, protect emblematic species and complete species assemblages (Cortés Capano et al., 2019). Reserves in the Colombian Llanos have been crucial to protect key ecosystems such as morichales, esteros, and flooded savannas (Peñuela et al., 2011; Peñuela & Fernández, 2010; Santamaría Gómez et al., 2019). Moreover, an increasing number of reserves have been created in the Altillanura, a special ecosystem within the Llanos with unique native well-drained savannas, gallery forests, and rocky outcrops typical of the Guyana shield (Gómez-Camelo et al., 2011). These private reserves are becoming crucial to the protection of the distinctive habitats of the Altillanura (GómezCamelo et al., 2011; Peñuela et al., 2011). Even though national parks can preserve larger areas with more diverse communities (e.g., Tuparro National Park), private reserves contribute to the complementarity of the national reserve system, and are highly effective for conservation efforts, because land governance can be more efficient at smaller spatial scales (Gómez-Camelo et al., 2011; Langholz et al., 2000; Pegas & Castley, 2016).

Conserving the biodiversity of the Altillanura requires more protected areas and a deeper understanding of the biodiversity present in the region. To reach such understanding, it is necessary to first know which species are found in the Altillanura and which habitats they inhabit. Indeed, biological records from many tropical areas are scarce (Collen et al., 2008; Meyer et al., 2015), and the Altillanura is no exception (SuarezCastro et al., 2021). For example, the number of biological records of plants, birds, and mammals is strongly skewed towards northern latitudes and forested habitats (La Sorte & Somveille, 2020; Meyer et al., 2015; Meyer et al., 2016). In comparison, the number of biological records from Neotropical savannas, the biome that contains the Altillanura, is very low in relation to the total richness present in the biome (Meyer et al., 2015). Additionally, a recent study showed that the number of biological records of terrestrial mammals from the Altillanura is one of the lowest compared to other regions in Colombia (Suarez-Castro et al., 2021). These results highlight the need to increase the number of species inventories from the Altillanura.

In 2009 we established the Tomogrande nature reserve and research field station to preserve the biodiversity of the Altillanura and understand the services this ecosystem provides. Tomogrande protects 2500 ha of well-drained savannas, as well as flooded and gallery forests. It is part of a group of nine properties and reserves that complement the conservation efforts beyond the western border of the Tuparro Biosphere Reserve (Gómez-Camelo et al., 2011). Here we present a list of plant, bird, and mammal species found in Tomogrande, summarizing short and intensive field trips and long-term research projects conducted over the last ten years (https://doi.org/10.15472/egusno). We also summarize key taxonomic findings from each list, highlight the species that are protected in the reserve, and use such findings to make a call for the protection of the ecosystems present in the Altillanura.





Materials and methods


Tomogrande is located at the southeastern tip of the municipality of Santa Rosalía, department of Vichada, Colombia (4°51’45.5”N-70°14’01.0”W). The reserve is at 124 m a.s.l, at the confluence of the Tomo river and the Caño Grande river, hence the name Tomogrande. The ecosystem protected by the reserve is Altillanura: a seasonal well-drained savanna crisscrossed by terra firme gallery forests and seasonally inundated gallery forests. There are small areas of flooded savannas, specially around Tomo river. There is a marked dry season from mid-December to the beginning of April. The heaviest rainfall occurs between June and July. The closest weather stations report a mean annual precipitation of 2498 mm (Casas, 2013), and a mean annual temperature of 26 °C (Rippstein et al., 2001). Soils correspond to Oxisols and Ultisols with low fertility, and like other soils in the Altillanura, they have low pH (Casas, 2013; Rippstein et al., 2001). Soils in the savanna are mostly sandy with large areas of lateritic iron-oxide. In contrast, flooded forests (igapó) and a few patches of flooded savannas have more clay and silt. In total, Tomogrande encompasses 2500 ha; 1978 ha are grassy savannas with sparse patches of small trees (i.e. tree and shrub savanna sensu
Sarmiento (2013)), and the remaining 522 ha are flooded forests around the main two rivers, and terra firme forests (gallery forests) around streams (Figure 1, 2 and 3). Small patches of Mauritia flexuosa (morichales) additionally occur at the headwaters of the streams.
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Figure 1



View of the grassy savanna with sparce patches of small trees and a gallery forest in the background left side of picture Tomogrande field station Vichada Colombia Photo Sergio EstradaVillegas
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Figure 2



Flooded forest (igapó) next to an oxbow lake. Tomogrande field station, Vichada, Colombia. Photo: Alejandro Lozano
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Figure 3



View of Río Tomo and flooded forests (igapó) during the dry season. Tomogrande field station, Vichada, Colombia. Credit: Juanita Escobar.















There have been 22 research projects conducted in Tomogrande, ranging from short field trips conducted by experts, undergraduate and master theses spanning several months (Correa-Gómez & Stevenson, 2010; Góngora Blanco, 2012; Sánchez Medina, 2017), to longterm projects that were established since the creation of the reserve in 2009 (Stevenson, 2016; Stevenson et al., 2018). Five one-ha permanent vegetation plots have been established, three in terra firme forests and two in flooded forests (Aldana et al., 2017; Casas, 2013; Correa et al., 2015; González-Abella et al., 2021; Stevenson et al., 2018). We also have four research trails within the terra firme forests to study plant, bird, and mammal diversity and primate behavior (Góngora Blanco, 2012; Sánchez Medina, 2017; Stevenson, 2016). Productivity of the forest canopy (fruits) has also been assessed along the research trails (Sánchez Medina, 2017). Camera trapping was conducted within the terra firme forests but away from the research trails to maximize data acquisition (Argüello Bernal, 2012). We have also conducted bird and bat surveys on the savannas, as well as long-term studies of the reproductive and behavioral biology of migrant and resident populations of Tyrannus savana (Gómez-Bahamón et al., 2020; Gómez-Bahamón et al., 2020). Moreover, data collected in Tomogrande have been used to carry out large-scale comparisons with other forests in Colombia and across the Neotropics (Aldana et al., 2017; ter Steege et al., 2019; Umaña et al., 2018). There are also ongoing projects assessing the structural dynamics of the sparse woody vegetation growing on the savanna.

Tomogrande has local permanent caretakers that have been working at the reserve since its onset. Their help has been invaluable; they have helped us guarantee environmental governance across the reserve, established strong and long-lasting connections with the neighboring community, and disseminated the objectives and goals of the reserve to other members of the municipality. The caretakers have also established small-scale organic farming projects and conduct low impact cattle farming for their sustenance and to produce manure for their crops. Finally, the reserve has recently become part of a large carbon offset project along with other reserves in the Altillanura (www.cataruben.org).

In this paper, we combine species lists from all the research projects conducted in the reserve. We formatted the list using Darwin Core, and used the nomenclature suggested by the Global Biodiversity Information Facility (GBIF; https://doi.org/10.15472/egusno). Plants were mostly identified by two of the authors of this study (P.R.S. and F.C) and some determinations were made by Dairon Cárdenas and specialists at the National Colombian Herbarium. For this purpose, two specimens were collected from each species or morphospecies of trees and lianas, with diameter at breast height > 10 cm, registered in our permanent plots (including 156 named species and 15 morphospecies determined mostly at the genus level) (González-Abella et al., 2021). In addition, 309 vouchers of fertile plants were collected in the reserve (Pablo Stevenson 2301-2457, 2461-2503, 3565-3574, 3702-3710, 4001-4079; Luisa Fernanda Casas 320-328; Maria Fernanda González 715-719). Determinations were made from expert knowledge, comparison with plant specimens at several herbaria (COL, COAH, and ANDES), and images from JStore Plants. Birds were identified from ad libitum observations, point count assessments in our research trails, or mist-netting. Identifications followed Hilty and Brown (1986), Restall et al. (2006), and to check for taxonomic splits or recent information on distributions, we used Birds of the World online (Billerman et al., 2022). Mammals were identified from records obtained using camera traps (Bushnell with infrared sensor and Cuddeback with movement sensors), from standardized sampling on research trails, and ad libitum observations using mist nets and ultrasonic detectors (Petterson-D1000x bat detector; sample rate: 384 kHz, 16 bit – Pettersson Electronic AG, Uppsala, Sweden). Captured bats were identified using Díaz et al. (2016), and acoustic identifications conducted by one of the authors of this study (S.E-V) using a personal library and other sources (Bader et al., 2015; Ibáñez et al., 2002; Ibáñez et al., 1997; Jung et al., 2007; Jung et al., 2014; Kraker-Castañeda et al., 2013; MacSwiney et al., 2008; O’Farrell & Miller, 1997, 1999; Ochoa et al., 2000; Rydell et al., 2002; Surlykke & Kalko, 2008). Finally, we report the conservation status of each species according to the IUCN Red List (IUCN, 2021).


Results





Table 1




Number of species of plants birds and mammals across the four main habitats in the Tomogrande field station Vichada Colombia Full species inventory can be found at httpsdoiorg1015472egusno









	
Taxonomic   group

	
Terra   firme forest

	
Flooded   forest

	
Forest   edge

	
Savanna

	
Total

	
No.   of Sp. with a conservation status

**






	
Plants

	220
	25
	4
	49
	299*

	0



	
Birds

	71
	27
	30
	61
	189
	9



	
Mammals

	31
	2
	3
	11
	47
	5



	
	
	
	
	Total
	534
	14














* * Conservation status aside from least concern** Conservation status aside from least concern.










We have recorded 535 species of plants, birds, and mammals in Tomogrande (299 plants, 189 birds, and 47 mammals). The most speciose plant orders are Malpighiales (58 species), Fabales (39 species) and Gentianales (27 species), and the most speciose families are Fabaceae (37 species), Poaceae (24), Rubiaceae (14 species), and Annonaceae, Chrysobalanaceae and Lauraceae (11 species each). 160 species are designated as Least Concern by the IUCN, and the rest have not yet been assessed by the IUCN. We are in the process of identifying eight species of the genera Amaioua, Cestrum, Henriettella, Miconia, Rourea, Salpinga, and Xyris, and one genus of Rubiaceae. Most species (220) have been observed in the terra firme and the savanna (49), followed by flooded forests and forest edges (Table 1). The plant community at Tomogrande includes elements typical of different biogeographic areas, including Amazonia, the Guyana shield, the Andean region, and the Caribbean. The most emblematic species belong to the Amazonia-Guyana realm, such as Montrichardia arborescens, found in open humid areas, Mauritia flexuosa, found in swamps at the headwaters of the streams, and Caraipa llanorum, which forms a habitat called “saladillales” in the flooded savannas. Tachigali vaupesiana and T. tinctoria are abundant in the flooded forest, whereas Attalea maripa, Calophyllum pachyphyllum, Guatteria maypurensis, Jacaranda obtusifolia, and Ormosia costulata can be abundant in the terra firme forest. Savannas harbor a diverse assemblage of grasses (e.g., Andropogon spp., Axonopus spp., and Panicum spp.) and species like Cochlospermum vitifolium, Davilla nitida and Tococa guianensis (Figure 4), are abundant among the shrubs that grow in the savanna.

The most speciose orders of birds in Tomogrande are Passeriformes (88 species), Pelecaniformes (12 species), and Accipitriformes (11 species), and the most speciose families are Thyrannidae (24 species), Thraupidae (16 species), and Psittacidae (8 species). Four bird species are considered Vulnerable by the IUCN (Ramphastos vitellinus, Ramphastos tucanus, Crax alector, and Patagioenas subvinacea), and five as Near Threatened (Polystictus pectoralis, Setophaga striata, Sturnella magna, Mitu tomentosum, and Tinamus major). 180 species are considered Least Concern (Table 1). We are in the process of identifying two species from the genera Picumnus, and Progne. 37.6 % of all species have been observed in forested habitats (terra firme and flooded forests), 32.3 % in savannas, 15.9 % on forest edges, and 14.3 % close to rivers or oxbow lakes. The distinctive avifauna found in Tomogrande reflects a transition between flooded savannas of the Llanos and Amazonia. For example, it includes a diverse community of open country species typical of the Llanos (e.g., Polystictus pectoralis, Polytmus guanumbi, Emberizoides herbicola, Athene cunicularia, Sturnella magna, Chordeiles nacunda, Theristicus caudatus, and many more, Figure 5), and in the gallery forest, there are species characteristic of Amazonia (including Sclateria naevia, Thamnophilus amazonicus, Crax alector, and others). Some are residents of the forests edges (Brachygalba lugubris), other species are dependent on moriches (e.g., Orthopsittaca manilata and Icterus cayanensis), and a large number of waterbirds have also been found in the reserve, as well as short-distance migrants (e.g., Tyrannus dominicensis), long-distance boreal (e.g., Spiza americana, Bartramia longicauda, Parkesia noveboracensis, Setophaga strata, and Elanoides forficatus) and austral migrants (e.g., Tyrannus savana).

The most speciose orders of mammals in Tomogrande are Chiroptera (26 species) and Carnivora (5 species), and the most speciose families are Phyllostomidae (15 species) and Emballonuridae (5 species). There are two species considered Endangered (Inia geoffrensis and Pteronura brasiliensis), two considered Vulnerable (Myrmecophaga tridactyla and Tapirus terrestris), one Data Deficient, and the remaining 42 are considered Least Concern by the IUCN (Table 1). 66% of all species have been observed in forested habitats, 23.4 % in savannas, 6.4 % on forest edges and 4.3 % next to rivers or oxbow lakes. Bats represent more than half of the recorded mammal species richness at the reserve, including uncommon and little-known species such as Eumops nanus and Promops centralis.
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Figure 4



Some plants of the Tomogrande field station, Vichada, Colombia. A, Cochlospermum vitifolium (Bixaceae); B, Davilla nitida (Dilleniaceae); C, Miconia tococoronata (Melastomataceae).  Photos Sergio Estrada-Villegas
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Figure 5



Some open-country birds species at the Tomogrande field station, Vichada, Colombia. A, Chordeiles nacunda; B, Theristicus caudatus; C, Athene cunicularia; D, Brachygalba lugubris. Photos A,C, Eamon C. Corbett; B, D, Nick Bayly.
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Figure 5



Some open-country birds species at the Tomogrande field station, Vichada, Colombia. A, Chordeiles nacunda; B, Theristicus caudatus; C, Athene cunicularia; D, Brachygalba lugubris. Photos A,C, Eamon C. Corbett; B, D, Nick Bayly.















There are also some charismatic mammals present in Tomogrande. In addition to the four species of conservation concern listed above, the reserve harbors jaguar, puma, tayra, crab-eating fox, capybara, two species of monkeys, and three artiodactyls. Tapirs can often be seen or heard in the riparian forests, especially at night.





Discussion


Tomogrande has become an important reservoir for flora and fauna in the Altillanura. For example, large-scale rubber plantations (approximately 12 000 ha) have been established just north of the reserve, and oil palm plantations are expanding in several locations in the municipality of Santa Rosalía. It has been argued that savannas worldwide can be used to avert future food shortages with large-scale agriculture (https://www.economist. com/briefing/2010/08/26/the-miracle-of-the-cerrado) and that they can help mitigate climate change via large scale afforestation (Bastin et al., 2019). However, we concur with Andrade et al. (2013) and Williams et al. (2020), that economic growth of the Altillanura should be planned not only to benefit agribusiness, but also to benefit the multiple stakeholders equitably. It is urgent to establish a regional plan to preserve large tracts of savanna and most riparian forests to avert a catastrophic loss of biodiversity (Andrade et al., 2013; Williams et al., 2020). The expansion of large-scale agribusiness in the Brazilian cerrado, a similar ecosystem to the Altillanura, has severely affected the species composition and the livelihood of stakeholders in that region (Fernandes et al., 2016). We want to prevent the same outcome in the Altillanura. Tomogrande stands out as a key area for conservation, and the scientific information we have collected confirms that the Altillanura harbors important biodiversity that needs protection.

Tomogrande makes a significant contribution to the conservation of the biodiversity of the Altillanura. We compared our species list with the one published by Peñuela et al. (2011), which summarizes the biodiversity found in other private nature reserves in Vichada. For this comparison, we first standardized the list from Peñuela et al. (2011) with the nomenclature from the Global Biodiversity Information Facility and then excluded unidentified species from their list and ours. For plants and birds, 69.3 % and 32.8 % of the species found in Tomogrande, respectively, have not been reported in other private nature reserves in Vichada. Of the 329 plant species and 260 bird species found in orther private reserves, 30.4 % and 49.2 %, respectively, are also found in Tomogrande. Additionally, more mammal species have been found in Tomogrande (47) than in other nature reserves in Vichada (28) (Peñuela et al., 2011). Of the mammal species reported by Peñuela et al. (2011), 19 are also found in Tomogrande. There are 28 mammal species only found in Tomogrande and not yet in other reserves, of which 26 are bats, reflecting the importance of increased sampling effort in studying that highly diverse group. If we compare our plant list with museum collections from the northeastern portion of the Tuparro National Park (Mendoza Cifuentes, 2007), only 5.5 % of the plant species found in Tomogrande are shared with that portion of the park. Likewise, if we compare our bird list with species reported in 201 eBird lists for the Tuparro National Park (eBird, 2021), 18.5 % of the bird species found in Tomogrande have not been reported in the Tuparro National Park, and 49.7% of the bird species found in the park are also found in Tomogrande. Concerning other private reserves in Vichada, Tomogrande is only 12.8 % of the total area reported by Peñuela et al. (2011) (19 556 ha). Similarly, Tomogrande is only 0.3 % and 15.9 %, respectively, compared to the total area of Tuparro National Park and the portion surveyed by Mendoza Cifuentes (2007). Even though all these lists were assembled with different sampling efforts, and across different spatial scales, the comparisons mentioned above clearly indicate that Tomogrande, despite its size, protects a substantial portion of the biodiversity of these major taxonomic groups in the Altillanura.

In conclusion, we present here the first species inventory for the Tomogrande nature reserve and research field station. Tomogrande not only harbors an important assemblage of plants, birds, and mammals, but it makes also a substantial contribution to the conservation of these assemblages. Our species list help fill some of the prevalent data gaps in the tropical biodiversity of the Orinoco basin (Meyer et al., 2015; Suárez-Castro et al., 2021), and the reserve contributes to the ongoing efforts to better understand and protect the habitats around and beyond the Tuparro Biosphere Reserve (Gómez-Camelo et al., 2011). We hope that the scientific information we provide can aid planning and conservation management to guarantee the sustainable use and protection of the Altillanura.
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