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Abstract 13 

The Neotropical region is one of the most diverse regions of the globe in terms of macro-14 

organismic species. Regarding the microbial world, however, little is known about the diversity 15 

and biogeography patterns of micro-organisms in the Neotropics. In this context, the study of 16 

several microbial taxonomic groups is still missing and/or incomplete, such as the protists.  17 

Our goal here was to summarize the available information of Neotropical protists, focusing on 18 

molecular data from environmental continental samples, to explore what these data evidence 19 

on their ecology and biogeography. For this, we reviewed the findings from all articles that 20 

focused on or included the terrestrial protists using metabarcoding approach and identified the 21 

gaps and future perspectives in this research field. We found that Neotropical protists diversity 22 

patterns seem to be, at least in part, congruent with that of macro-organisms and, different than 23 

plants and bacteria, just weakly explained by environmental variables. We argue that studies 24 

with standardized protocols including different biomes are necessary to fully characterize the 25 

ecology and biogeography on Neotropical protists. Furthermore, dismember evolutionary 26 

lineages and functional guilds of protists are important to better understand the relationship 27 

between diversity, dispersal abilities and functionality of particular taxa of protists in their 28 

habitats. 29 
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Background: The tropical regions are known to harbor a higher number of species than other 33 

regions. Even so, which factors generate the latitudinal diversity gradient pattern (Pianka 1996) 34 

remains one of the biggest questions in ecology and biogeography. Moreover, even between 35 

the tropical regions the diversity is not homogeneous distributed. The Neotropics, the region 36 

that comprise the area from central Mexico to Argentina, including the Caribbean (Morrone 37 

2014), is the most diverse area of the globe, harboring three times more flowering plant species 38 

than tropical Africa and potentially more species than tropical Africa and Asia combined 39 

(Antonelli & Sanmartín 2011). The diversity of this region is outstanding concerning the 40 

species richness across biomes (Zizka 2019) and taxonomic groups (Ceballos & Ehrlich 2006, 41 

Wiens 2007, Somveille et al. 2013, Zizka 2019).  42 

The Neotropics are highly diverse in both biomes and habitats, it also includes a high 43 

number of different ecoregions, such as the Andes mountains, tropical rainforests, seasonally 44 

flooded areas, savannas, and large dry areas (Fig. 1, Hughes et al. 2012, Olson et al. 2001). 45 

Neotropics also presents strong biogeography patterns already recognized for vertebrates and 46 

plants (e.g. Lynch Alfaro et al. 2015, Esquivel-Muelbert et al. 2017, Carneiro et al. 2018). 47 

Between some patterns there are the west-to-east diversity gradient in the Amazonia which was 48 

suggested been explained by marine incursions (Bates 2001, Lovejoy et al. 2006, Antonelli et 49 

al. 2009), bedrock geology (Tuomisto et al. 2017), mountain base formation (Hoorn et al. 50 

2010), soil fertility (Hoorn et al. 2010, ter Steege et al. 2006) and diversification process driven 51 

by moisture (Silva et al. 2019). Another pattern is the endemism areas in Amazonia (Cracraft 52 

1985, Ribas et al. 2012), Atlantic Forest (Costa et al. 2000, Silva & Vaz-de-Mello 2020) and 53 

Cerrado savanna (Azevedo et al. 2016). Other patterns include the high species turnover, the 54 

increase of community dissimilarity with geographical distance, also known as the distance-55 

decay relation in the Neotropical forests (Bohlman et al. 2008), body-size habitat specialization 56 

(e.g. Hillebrand & Azovsky 2001, Lafferty & Kuris 2002, Woodward et al. 2005, Abades et al. 57 

2010) and tree species density-dependent host-specific predation and parasitism (Janzen 1970, 58 

Connell et al. 1971). 59 
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Although biogeography patterns are well known for Neotropical vertebrates and plants, 60 

little is known if the biogeography of micro-organisms follows the same rules as macro-61 

organisms. In the 90’s years the idea of microbial biogeography was guided for the famous 62 

sentence “everything is everywhere – but the environment selects” (e.g. Finlay & Fenchel 2005, 63 

for protist overview). While the first proposition implies that micro-organisms have dispersal 64 

abilities so high that the effects of past processes are suppressed, the second assumes that 65 

current environmental characteristics select different microbial taxa according to their habitat 66 

preferences. However, the recent advance of genetics allowed a deep sampling of micro-67 

organisms and this sentence started to be refuted (Foissner 2006, Bass et al. 2007, Bates et al. 68 

2013, Lentendu et al. 2018a). Most of the idea of over-dispersal and cosmopolite occurrence 69 

of micro-organisms was due the morphology-based classification that groups several species 70 

into a “morphospecies”, misidentifying and not identifying some many other species. For 71 

instance, using molecular analysis the dispersal limitation was identified in both terrestrial 72 

(Singer et al. 2019) and marine environments as the main factor structuring micro-eukaryotes 73 

communities (Logares et al. 2020).  74 

However, although some biogeographic patterns of certain microbial groups in different 75 

regions are already known (Foissner 2006, Martiny et al. 2006, Azovsky & Mazei 2013, 76 

Kushwah & Thorpe 2020, Li et al. 2020), microbial ecology is still in its infancy and 77 

generalizations cannot be made. This knowledge gap is worrisome since micro-organisms are 78 

the richest and more abundant component in any environment (Mora et al. 2011), which play 79 

a pivotal role in the maintenance of ecosystems (e.g. Sherr & Sherr 2002, Petersen & Luxton 80 

2006, Cuvelier et al. 2010, Steele et al. 2011). To understand the biogeography of micro-81 

organisms is, therefore, crucial to understand the ecology and biogeography in general. As 82 

highlighted by O’Malley & Dupré (2007), the excessive focus on macro-organisms patterns of 83 

diversity, ecology and distribution may have distorted several aspects of our understanding 84 

about these patterns.  85 

For instance, the classical latitudinal diversity gradient, which is the most well-known 86 

global pattern in ecology, was extensively tested in eukaryotic macro-organisms (Pianka 1996, 87 

Willig et al. 2003, Kreft & Jetz 2007, Jablonski et al. 2016), but still poorly evaluated on micro-88 

organisms. Even so, bacteria and fungi showed similar latitudinal diversity gradient patterns to 89 

that reported for macro-organisms (Hawksworth 2001, Pommier et al. 2007, Fuhrman et al. 90 

2008, Tedersoo et al. 2014, Ribeiro et al. 2019), and others biogeographic patterns such as 91 
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endemic distributions (e.g. Whitaker et al. 2003, Kilroy et al. 2007, Ryšánek et al. 2015), 92 

distance-decay relation (e.g. Astorga et al. 2012, Bahram et al. 2013, Zinger et al. 2014, Oono 93 

et al. 2017) and allopatric speciation (e.g. Whitaker 2006, Hénault et al. 2017). Other studies 94 

have compared the diversity patterns of micro-organisms with what is knew for macro-95 

organisms in both global (e.g. Tedersoo et al. 2014, Cameron et al. 2018, Delgado-Baquerizo 96 

et al. 2018) and Neotropical scales (e.g. Castillo 2000, Lauber et al. 2009, Goffredi et al. 2011, 97 

Navarrete et al. 2013, Goffredi et al. 2015, Dunthorn et al. 2017, Louca et al. 2017, Schimann 98 

et al. 2017, Ritter, Faurby, et al. 2019), however, the study of several taxonomic groups is still 99 

missing and/or incomplete, such as the protists. Even considering the soil protists in general 100 

the Neotropical region is neglected. In a global review on terrestrial protists, for instance, just 101 

two from the ten articles on Neotropical protists available were cited (Oliverio et al. 2020). 102 

Our goal here was to summarize the findings concerning protistan distribution through 103 

metabarcoding data from continental environmental samples in Neotropics to understand the 104 

ecological processes underlying the biogeography of the protists in this region. We also wish 105 

to identify the main gaps in the Neotropical protists ecology and biogeography and to shed 106 

light on the already described patterns and potential prospects in this so promising study group.  107 
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The protists: Who are they? Where do they live? How do they survive?  108 

The protists are a paraphyletic group comprising most lineages in the eukaryotic tree of 109 

life (Keeling et al. 2005, Burki 2014). Several groups are closer related with macro-organisms, 110 

such the phyla Opisthosporidia, Nucleariida and Fonticula that are inside of the Holozoa, group 111 

that comprise Fungi and Metazoa (Burki 2014, Adl et al. 2019). Protists are the mostly non-112 

fungi single cell eukaryotes that are over spread in the tree of life and have the potential to shed 113 

light on eukaryotic evolution (Adl et al. 2019). 114 

Protists inhabit all habitats, from soils, lakes, sea, and in the bodies of other organisms (Fig. 115 

2). They are mostly knowing to be vector of diseases such as Malaria (caused by Plasmodium 116 

sp.), Chagas (caused by Trypanossoma cruzie), Giardisis (caused by Giardia sp.) and 117 

Toxoplasmosis (caused by Toxoplasma gondii). However, the protists have a diverse lifestyle 118 

from free-living forms to parasites of other animals, plants and even other protists (Adl et al. 119 

2019). They play a key role in the ecosystems, such as the primary production carried out by 120 

photosynthetic protists, which is the base of food chains in freshwater and marine environments 121 

(Worden et al. 2015), while the heterotrophic protists are crucial in the nutrient recycling 122 

through decomposition in water, sediments, and soils (Geisen et al. 2018). Furthermore, they 123 

are usually the most abundant organisms in any given location. For instance, current estimates 124 

suggested between 50,000 to 100,000 protist species in the sunlit surface layer of the global 125 

ocean, five to ten times more than for bacteria and archaea combined (deVargas et al. 2015). 126 

In terrestrial environments, the protists species number is more controversial, with no clear 127 

estimation of species number but an estimation of tens of thousands of individuals per gram of 128 

bulk soil (Finlay 2002; Stefan et al. 2014). Future perspectives include the deep phylogeny of 129 

protists and better characterization of phylogenetic and functional diversity of this amazing 130 

group(s).   131 
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Molecular approaches to assess microbial diversity. 132 

The difficulty to sampling, identify and test ecological and biogeographical questions in 133 

micro-organisms are mainly due to the hard-taxonomic and time-consuming identification. The 134 

taxonomic classification based on morphological characters of almost “invisible” organisms is 135 

extremely limited and needs very experienced taxonomists. Several studies on micro-136 

organisms using microscopy, incubation and biochemistry based methods for morphological 137 

or functional identification have been done (e.g. Adl & Gupta 2006). However, due the 138 

difficulty of identification, these studies are focused in a limited group such as testate amoebae 139 

(e.g. Lansac-Tôha et al. 2014) or planktonic ciliates (e.g. Negreiros et al. 2017).  140 

In this context, environmental high-throughput DNA sequencing (HTS) methods have 141 

revolutionized the taxonomic identification of microbes in above- and below-ground 142 

communities (Bik et al. 2012, Deiner et al. 2017), including protists (Santoferrara et al. 2020). 143 

One powerful method for diversity assessment in a given locality is metabarcoding. The idea 144 

of DNA barcode is based on that some DNA regions are conserved enough to have little 145 

intraspecific variation but variable enough to distinguish species, so the use of a specified DNA 146 

sequence provides taxonomic identification for a specimen (Blaxter 2004). The metabarcoding 147 

idea is similar, but instead to sequence the DNA from one specimen, we can use environmental 148 

samples, such as soil, water and air to extract all DNA present in these samples, to amplify by 149 

Polymerase Chain Reaction (PCR) and to sequence a specific DNA region to identify a 150 

phylogenetic range of organisms from a set of specimens or even entire communities (Taberlet 151 

et al. 2018) . These advances follow developments in the identification of barcoding sequences 152 

of species and the existence of public and relatively highly populated reference sequence 153 

databases.  154 

From these molecular data it is possible to describe the patterns of diversity and 155 

distributions of micro-organisms on a massive scale. However, there are many factors to 156 

consider when using molecular tools in biodiversity assessments, including DNA extraction 157 

protocols that could not extract some organisms, choice of genetic marker (e.g. Pawlowski et 158 

al. 2012, Clarke et al. 2014, Elbrecht et al. 2016), sequencing method (e.g. Liu et al. 2013, 159 

Mahé et al. 2015, Schirmer et al. 2015, Ritter et al. 2020), and data analysis procedures (e.g. 160 

Beng et al. 2016, Prodan et al. 2020). A serious caveat for using these molecular methods for 161 

biodiversity assessments is the primer biases that oversampling same groups and under-162 

sampling others. Another problem is the lack of taxonomic reference databases, especially for 163 
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the tropical regions (Zinger et al. 2020). Without such reference databases, the recovered 164 

sequences cannot be matched to resolved taxonomic levels. Furthermore, the molecular 165 

assessment is hampered by mis-annotated reference sequences (Hofstetter et al. 2019), 166 

technically compromised sequences (e.g., chimeras, artificial sequences created for the groups 167 

of different DNA sequences), and reference sequences annotated at high taxonomic levels (e.g. 168 

phylum; Kang et al. 2010, Nilsson et al. 2012, Nilsson et al. 2016).  169 

Although these biases, high-throughput DNA sequencing studies to biodiversity 170 

assessment form a powerful tool to explore entire communities and to understand their 171 

biotic/abiotic interactions. Even in highly diverse and poorly sampled environments, such as 172 

the Neotropics, for which reference databases are very thinly populated, the use of molecular 173 

operational taxonomic units (OTUs; Blaxter et al. 2005) allows for an assessment of genetic 174 

diversity and enables comparison among multiple sites (Stahlhut et al. 2013, Zinger et al. 2020, 175 

Santoferrara et al. 2020). The OTUs are group of sequences with high similarity (usually 176 

>97%) that represent a taxonomic unit that can correspond to one species or not (Blaxter et al. 177 

2005), although other methods are available (e.g., Mahé, Rognes, et al. 2015, (Callahan et al. 178 

2016)). DNA-based studies have the potential to overcome at least some taxonomic limitations, 179 

and have been identified as “transformative technology” for the entire field (Baird & 180 

Hajibabaei 2012). For some organisms no prior taxonomic information is available, or a 181 

complete taxonomic identification is impossible in the absence of sequence data (as often is 182 

the case with some protists). Indeed, molecular data are often the only straightforward source 183 

of taxonomic and ecological information in many groups of micro-organisms (Blaxter et al. 184 

2005). More effort is needed to correct errors in reference sequences databases and the intrinsic 185 

differences between taxonomic and molecular biodiversity assessments, although some studies 186 

using metabarcoding techniques allowed to identify some biogeographical patterns on 187 

Neotropical protists.   188 
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Biogeography of Neotropical Protists: What we know. 189 

There are several studies using molecular tools to investigate ecological (e.g. Grossmann 190 

et al. 2016, Dassen et al. 2017, Heger et al. 2018) and biogeographical (e.g. Gibbons 2017, 191 

Boenigk et al. 2018, Singer et al. 2000) patterns in protists in temperate regions, however, these 192 

patterns are underexplored in the Neotropical region. Creer et al. (2010) were the first to sample 193 

Neotropical soil protists in one of the first environmental metabarcoding studies that evaluated 194 

the effectiveness of using Roche/454 sequencing technology to uncover the meiofauna in 195 

specific and complex eukaryotic communities in general. They sampled four sites in a 196 

secondary plot at La Selva Biological Station in Costa Rica (Fig. 1), as well as marine littoral 197 

benthic off the south coast of England. The 18S-rRNA primers that were used were designed 198 

to primarily amplify the Nematoda (Porazinska et al. 2009), which was the targeted meiofaunal 199 

taxon in this study. Although not designed to amplify all eukaryotes broadly, the primers also 200 

amplified numerous protist taxa. In their taxonomic assignment of the OTUs, the lumped all of 201 

the OTUs assigned to the protists as “protozoa”, but did not break that group down into smaller 202 

taxa.  203 

Later, Bates et al. (2013) published the first study targeting protists communities using 204 

metabarcoding approach including the Neotropics with the goal to investigate the diversity and 205 

biogeographic patterns of soil protists. They sampled several regions in the Americas, 206 

including the Neotropics regions of the Caribbean, the Southwest of the Amazon and the 207 

Northeast of the Argentina (Fig. 1). They found a biogeographical pattern for soil protists with 208 

just one of the 1,014 OTUs found having a cosmopolitan distribution. Furthermore, they found 209 

the environmental factors, such as edaphic (e.g. pH) and climatic (e.g. temperature) variables, 210 

knowing to strongly affect the diversity of plants, animals and soil bacteria had just a moderate 211 

effect on soil protistan diversity, while soil moisture was the most important, yet moderate, 212 

edaphic variable to explain protistan diversity.  213 

Even with Bates et al. (2013) showing the potential of molecular studies revealing the 214 

ecological and biogeographical patterns of protists, the next studies targeting protists were 215 

published four years later (Simão et al. 2017, Mahé et al. 2017). Simão et al. (2017) sampled 216 

four bromeliads phytotelmata (plant-container habitats) in the Atlantic forest of Southern Brazil 217 

(Fig. 1). They used primers to amplify the V9 region of the 18S-rRNA locus (Nolte et al. 2010) 218 

in the Illumina DNA sequencing platform to survey the eukaryotic communities, especially 219 

ciliates, inhabiting these bromeliads phytotelmata. They found remarkably diverse eukaryotic 220 
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communities, with Arthropoda and Ciliophora showing the highest abundance. Moreover, a 221 

high abundance of both free-living protists (ciliate genera Tetrahymena and Glaucoma) and 222 

animal parasites (the apicomplexan gregarines and the genus Trypanosoma) was found. They 223 

argue that the high abundance of animal parasitic protists in bromeliad tanks indicates that 224 

these organisms and their vectors use phytotelmata as a common habitat. Their results showed 225 

a hidden diversity of eukaryotes in bromeliad phytotelmata, even with limited sampling (just 226 

four phytotelmatas), shedding light on the studies of plant-protist-animal interactions. 227 

 Mahé et al. (2017) sampled multiple lowland tropical rainforests using Illumina 228 

sequencing technology with the aim of uncovering protistan diversity in Neotropical soils. 229 

They sampled over two years in older growth plots in La Selva Biological Station, Barro 230 

Colorado Island in Panama, and Tiputini Biodiversity Station in Ecuador (Fig. 1). The primers 231 

that were used were designed to amplify the hypervariable V4 region of the 18S-rRNA locus 232 

in all eukaryotes. The protistan soil communities in all three countries were found to be 233 

dominated by OTUs taxonomically assigned to the parasitic Apicomplexa, which are all 234 

parasites of animals (Rueckert et al. 2019). Although some of these apicomplexans are from 235 

the Haemospororida, which includes Plasmodium and close relatives that infect arthropods and 236 

vertebrates, most of the apicomplexans are from the Gregarinasina the predominantly infect 237 

arthropods and other invertebrates.  238 

Mahé et al. (2017) suggested that this massive diversity of apicomplexans could 239 

potentially contribute to more animal species co-existing together in the tropical forests 240 

because of density-dependent parasitism. This “Mahé-Dunthorn” hypothesis for animals 241 

mirrors the Janzen-Connell hypothesis (Janzen 1970, Connell et al. 1971) for density-242 

dependent in host-specific predation and parasitism contributing to more tropical tree species 243 

being able to co-exist. It should be noted that there are other hypotheses for high animal species 244 

co-existence in tropical forests, but these have focused on how the increased number of plant 245 

species affects herbivorous insects, and to a lesser extent other arthropods (Novotny et al. 2006, 246 

Basset et al. 2012, Becerra 2015), but not all of the high animal diversity in tropical forests can 247 

be explained or predicted by plants alone. In contrast to the apicomplexans, there were few 248 

parasitic oomycetes OTUs in the protists soil communities in three countries. Mahé et al. 249 

(2017) argued that there were too few oomycetes to be an important group for the density-250 

dependent host-specific parasitism under the Janzen-Connell hypothesis. Although oomycetes 251 

were long thought to be major host-specific parasites (Freckleton & Lewis 2006), they were 252 
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also not found to have an effect on plant communities in a fungicide- and insecticide-study in 253 

Belize (Bagchi et al. 2014). 254 

Using the same data as Mahé et al. (2017), Lentendu et al. (2018) evaluated the taxa-area 255 

relationships and the distance-decay relationships on soil Neotropical protists (Fig. 1). While 256 

the the taxa-area relationships measure the increasing number of species or richness with the 257 

increase of sampled area (Arrhenius 1921, Drakare et al. 2006), the distance-decay 258 

relationships has the focus in the community and measures the increase of communities’ 259 

dissimilarity with the increase of distance (Morlon et al. 2008, Soininen et al. 2007). These 260 

models were tested in macro-organisms in tropical forests showing a high alpha (local - Condit 261 

et al. 1996, Basset et al. 2012) and low beta (regional - Plotkin et al. 2000, Condit et al. 2002) 262 

diversity. For the parasitic and free-living protists a similar high alpha and low beta diversity 263 

pattern was found among Neotropical forests (Lentendu et al. 2018). These results showed the 264 

congruence with Neotropical biogeographic patterns between macro and micro-organisms and 265 

indicate that these organisms are spatially structured, at least in part, for the same general 266 

process. Yet, which process mold this Neottropica diversity patterns should be further 267 

investigated.  268 

de Araujo et al. (2018) sampled soil Neotropical protists from transitions zones between 269 

the Tropical Dry Forests and the Brazilian Cerrado (Fig. 1), the most diverse savanna in the 270 

world in terms of animals and plants (Furley 1999, Myers et al. 2000), sampling four vegetation 271 

zones in the Sete Cidades National Park, Brazil. They also used Illumina sequencing 272 

technology with the aim of uncovering protistan diversity and co-occurrence in Neotropical 273 

savanna. The primers that were used were designed to amplify the hypervariable V9 region of 274 

the 18S-rRNA locus in all eukaryotes. Considering the vegetation coverage the Brazilian 275 

Cerrado can be classified in four vegetation succession zones: from grass, grass and shrub, 276 

shrub and tree, and tree-dominated climax vegetation zone (Coutinho 1978, Furley 1999). 277 

These zones show a plant diversity gradient (de Araujo et al. 2018) and are also related with 278 

animal diversity (Mares & Ernest 1995, da Silva & Bates 2002, but see Nogueira et al. 2009). 279 

Using this vegetation zone classification, de Araujo et al. (2018) compared soil protists richness 280 

and microbiome complexity, combining protists with prokaryotic and fungal sequences, 281 

through co-occurrence network analysis. Both protistian richness and microbiome complexity 282 

were higher in tree-dominated zones (de Araujo et al. 2018). Also, the soil protists composition 283 

was different between zones with the plant-parasites and omnivorous being more abundant in 284 
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grass zones and animal parasites in grass-shrub zones (de Araujo et al. 2018). They suggested 285 

that protists are key soil microbiome components and, in agreement with Mahé-Dunthorn 286 

hypothesis (Mahé et al. 2017), that vegetation succession towards climax vegetation, and 287 

consequently higher animal and plant diversity, is stimulated by higher loads of animal and 288 

plant pathogens. Furthermore, the authors suggested higher system stability with an increase 289 

in microbiome complexity. 290 

Ritter et al. (2019a, b) also compared patterns between animals and plants with soil 291 

Neotropical micro-organisms. They used primers designed to amplify the hypervariable V7 292 

region of the 18S-rRNA, targeting eukaryotes in general (Guardiola et al. 2015), with Illumina 293 

sequencing technology. They sampled litter and soils in 39 plots at four localities across a large 294 

longitudinal range in Brazilian Amazonia (Fig. 1). Localities were selected to maximize west-295 

to-east diversity gradient in Amazonia (ter Steege et al. 2003, Bass et al. 2010, Hoorn et al. 296 

2010, Zizka et al. 2018) and the number of vegetation (habitat) types. The habitat types 297 

included in their analysis have characteristic biota and environmental conditions (ter Steege & 298 

Hammond 2001, Haugaasen & Peres 2006, Assis et al. 2015, Adeney et al. 2016, Myster 2016). 299 

These habitats include, in a decreasing macro-organisms’ diversity gradient: non-flooded 300 

rainforests (terra-firme), forests seasonally flooded by fertile white waters (várzeas) or by 301 

unfertile black waters (igapós), and naturally open areas associated with white sand soils 302 

(campinas). They found that micro-organisms richness (including protists) and community 303 

composition differ significantly among localities and habitats, and that habitat type strongly 304 

structured microbial composition than locality. Ritter, Zizka, et al. (2019) detected a different 305 

habitat gradient from what they expected initially, but as expected they found a west-to-east 306 

longitudinal gradient for microbial richness and community composition. The authors, in 307 

another study, explicitly test the birds and tree diversity against protists (and others micro-308 

organisms) diversity (Ritter, Faurby, et al. 2019). Their results showed that the currently 309 

accepted diversity patterns in Amazonia just partially match for macro- and micro-organisms. 310 

Furthermore, these data were used to test soil chemical-physical variables to explain the 311 

richness and diversity of Amazonian micro-organisms (Ritter et al. 2018). They found a 312 

positive correlation for pH and a negative correlation for soil organic carbon content with 313 

respect to microbial diversity, suggesting that physicochemical soil properties can predict, to 314 

some extent, microbial soil and litter diversity in Amazonia. However, the author did not test 315 

physicochemical soil properties directly with just protistan diversity. 316 
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Zinger et al. (2019) explored the role of environmental selection (i.e., soil properties, biotic 317 

interactions) and stochastic distance-dependent neutral processes (i.e., demography, dispersal) 318 

in shaping soil communities, including protists, considering the effect of body sizes. Body size 319 

is known to be important to determine ecological and biogeographical patterns in the organisms 320 

(e.g. Hillebrand & Azovsky 2001, Lafferty & Kuris 2002, Woodward et al. 2005, Abades et al. 321 

2010). In this study, they sampled 1,132 soils from a 12 ha Neotropical forest plot in Nouragues 322 

Ecological Research Station, French Guiana (Fig. 1). They amplified the hypervariable V7 323 

region of the 18S-rRNA, targeting eukaryotes in general (Guardiola et al. 2015), and also 324 

included other primers set to amplify other organisms, such as Archea, Bacteria and Viriplantae 325 

(Zinger et al. 2019), using Illumina sequencing technology. They found that the distribution of 326 

protists is primarily stochastic, suggesting that, at least on a regional scale (12 ha), neutral 327 

processes are important factors to shape the protistan soil community. Other weak but 328 

significant drivers of the soil protistan richness and composition include aluminum, topography, 329 

and plant species. Together, these studies showed a mix of deterministic and stochastic factors 330 

shaping Neotropical protistan biogeography and ecology. It also highlights the need of more 331 

extensive studies to understand the patterns and drivers of the distribution of Neotropical 332 

protists.  333 

It is also worth mentioning that even more scarce is the knowledge about the biogeography 334 

of aquatic protists in the Neotropics. As far as we know, only three articles published so far 335 

have explored distribution patterns of neotropical protists in continental waters through 336 

metabarcoding (Filker et al. 2016, Filker et al. 2017, Lentendu, Buosi, et al. 2018). Filker et 337 

al. (2016) studied planktonic protists of high-mountain lakes in the Chilean Altiplano using the 338 

V4 region of the SSU rDNA locus, and Lentendu et al. (2018) studied planktonic protists in 339 

Brazilian lakes using the V3 region of the 18S-rRNA locus. In these two articles, the authors 340 

have found that the freshwater protists were not globally distributed, but that different 341 

communities exhibited particular taxonomic compositions both within the Neotropical 342 

(Lentendu et al. 2018) and when compared with other regions of the globe (Filker et al. 2016). 343 

The third article explored the distribution of halophilic aquatic protists, using the V4 region of 344 

the SSU rDNA locus, in shallow salt ponds with different degrees of salinity from South 345 

America and Europe (Filker et al. 2017). In this study, salinity was more important than 346 

geography in structuring protistan communities. Moreover, a high rate of endemism was 347 

observed. 348 

  349 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 July 2020                   doi:10.20944/preprints202007.0608.v1

https://doi.org/10.20944/preprints202007.0608.v1


14 
 

Gaps and prospects: 350 

The Neotropical biogeographic patterns in protists seem to be, at least in part, congruent 351 

with that of macro-organisms (Lentendu et al. 2018a) despite the enormous difference between 352 

these groups. These similarities can be explained by similar filters or by biotic-interactions, for 353 

instance, parasites protists must have similar distribution that their hosts. These finds are 354 

extremely important and should be further investigated to understand whether they represent 355 

the same processes at work or if different processes lead to the same patterns between these 356 

groups. Common themes in Neotropical biogeography of macro-organisms, such as the impact 357 

of uplifting the Andes on the distribution and evolution of biotas (Antonelli et al 2009) and the 358 

Great American Biotic Interchange (Stehli & Webb 2013) remain unexplored for Neotropical 359 

protists. In addition, there is a huge difference within the group itself, which deserves to be 360 

better explored. 361 

 Protists are a highly diverse group not just in terms of the number of species but also in 362 

terms of functional ecology that may affect their distribution (e.g. Weisse 2017, Adl et al. 2019). 363 

For example, what differences can we expect in the ecological and biogeographical patterns 364 

between different groups of protists? This type of approach would be very interesting for the 365 

field. It is possible to explore the differences between biogeographic patterns in protists with 366 

different types of mobility (e.g. ciliate versus flagellate), reproduction (several types of asexual 367 

and sexual reproduction cycles), cell shape (several types of cell wall/theca), cell organization 368 

(unicellular, filamentous and colonial) metabolism (heterotrophic, autotrophic and mixotrophic) 369 

and preferences habitat (wetlands, aquatic, terrestrial and in association with other organisms). 370 

For instance, the extent to which the biogeography of aquatic protists is driven by the same 371 

factors as terrestrial protists is an important issue to be investigated. Cconsidering the several 372 

types of aquatic ecosystems (freshwater and salt reservoirs, ponds, lakes and rivers), it is 373 

important to compare the protistan diversity and composition in these environments in order to 374 

fully characterize this group in the Neotropics. Furthermore, protists are great models to 375 

generate new insights of Neotropical ecology and biogeography due to some species having 376 

high dispersal rates (Geisen et al. 2014) that allow quantifying the relative importance of niche, 377 

stochastic, and historical processes in structuring biological communities. On the other hand, 378 

endemic protists (Ryšánek et al. 2015) can be great models for testing the role of speciation, 379 

local adaptation and dispersal limitation (Singer et al. 2019, Logares et al. 2020). Also, due to 380 
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their short generation time and consequently high speciation rates, they can potentially lead to 381 

the convergence of ecological and evolutionary time scales.  382 

Due to the highly diverse life modes in protists, it is possible to test the role of biotic-383 

abiotic factors in their distribution. For instance, multiple abiotic factors drive the protists 384 

communities being the soil moisture recognized as the main factor for soil protists (Bates et al. 385 

2013, Geisen et al. 2015, de Araujo et al. 2018). Although abiotic factors are important, the 386 

biotic factor as species interactions are fundamental to determine the protists communities (e.g. 387 

Bezemer et al. 2006, Simão et al. 2017, Zinger et al. 2019). In this context we suggest some 388 

potential ecological and biogeographical tests, such as the use of ecological co-occurrence 389 

analysis (Mikhailov et al. 2019), that could help to unravel the patterns and drivers of 390 

Neotropical protists diversity and distributions. For instance, de Araujo et al. (2018) showed 391 

the relationship between plants and protists, adding the influence of different environmental 392 

zones and the co-occurrence patterns between micro-organisms. The study by Simão et al. 393 

(2017) reveals an important point for advances in studies of Neotropical protists, showing a 394 

hidden diversity of eukaryotes in phytotelmata of bromeliads, which can be explored in future 395 

studies covering other biotic interactions as well as comparing differences on environmental 396 

factors that effects these interactions along Neotropical ecoregions. These studies reveal the 397 

importance of studies embracing different interactions between protists and other organisms, 398 

as well as between environments as key components of the ecosystem. Therefore, there is still 399 

a gap to be filled in relation to these issues, representing good perspectives for future studies.  400 

Beyond the community dissimilarity and diversity patterns, it is also important to include 401 

abundance metrics, since density-dependent factors are crucial to understand the biogeographic 402 

and ecological patterns (Martiny et al. 2006). Density-dependent factors include competition, 403 

predation and parasitism (Ricklefs 2008). Even so, most evidence for density dependence 404 

diversity control is plant-based (e.g. Hector et al. 1999, Hooper et al. 2005). However, a study 405 

showed that while niche complementarity and density-dependent effects can produce a 406 

diversity-productivity saturation curve in plants, soil-transmitted micro-organisms were the 407 

major determinants of the relationship (Schnitzer et al. 2011). On the other hand, diversity in 408 

biological communities is also a historical product of immigration, diversification and 409 

extinction (Fukami & Morin 2003, Fukami et al. 2007). However, these processes are still 410 

poorly studied in protists, even less so in the Neotropical region. Therefore, we highlight the 411 
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need for more extensive studies to understand the patterns and drivers of the distribution of 412 

Neotropical protists, covering these regions with gaps, as well as the points highlighted above. 413 

Another important gap to be filled in biogeographic studies of Neotropical protists is the 414 

sample coverage throughout this widely diverse region. Much of the tropical rainforest region 415 

of eastern South America (covering the North of the Atlantic Forest) still needs to be studied, 416 

mainly including metabarcoding (Fig. 1). It will also be important to fill the study gaps in 417 

Neotropical savannas, which have their only sampling in the Cerrado biome (Central Savannah 418 

of Brazil), as well as the Dry Forests. Also the altitude gradient, that strongly structure macro-419 

organisms (Mateo et al. 2012, Li et al. 2019, Veintimilla et al. 2019, (Villamarín et al. 2020) 420 

and some micro-organisms (Meng et al. 2013, Siles & Margesin 2016, Peay et al. 2017, Shen 421 

et al. 2020) may be tested for protists. In addition, the temperate regions of the Neotropics also 422 

lack biogeographic studies using molecular protist approaches (Fig. 1). The development of 423 

molecular tools has the potential to overcome these gaps and give a broader vision of 424 

biogeography of Neotropical protists. 425 

Even with molecular advances we are far way to get a general picture of Neotropical 426 

protists biogeography and ecology. Although more than 350 articles using metabarcoding 427 

approaches that include protists are published until now (Santoferrara et al. 2020), for our 428 

knowledge, there are just ten articles including terrestrial protists in the Neotropics (Fig. 1). 429 

Among them, we have several sampling designs, different primers set and sequencing methods 430 

that make comparisons impossible. To grasp the protistan biogeographic and ecological 431 

patterns, studies with standardized methods across the different eco-regions comparing the 432 

geographical and environmental distance (Martiny et al. 2006) are essential. In this sense, it is 433 

important to note that although many primers were not designed to amplify widely all 434 

eukaryotes, the primers also amplified numerous protist taxa, making it an advantage to 435 

biogeographical studies of protists. 436 

Beyond standardizing primer to study in a broader scale Neotropical protist, new 437 

techniques, yet underexplored in the Neotropics, can help to unveil protistan biogeography and 438 

ecology and may overcome some biases of PCR. For instance, metatranscriptomics, the RNA 439 

sequencing of environmental samples, uses a primer-free approach that can pick up different 440 

parts of the same gene and also uncover taxa not amplified by common primers (Geisen et al. 441 

2015, Cristescu 2019). Others techniques including PCR-free targeted-sequencing (Shokralla 442 

et al. 2016, Giebner et al. 2020), non-targeted, reduced-representation of whole genome (Hand 443 
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et al. 2015), and whole-genome skimming (Coissac et al. 2016). In addition, single-molecule 444 

DNA sequencing technologies such as Oxford Nanopore and Pacific Biosciences (PacBio) can 445 

sequence bigger fragments allowing a better taxonomic resolution (Thompson & Milos 2011, 446 

Ritter et al. 2020). The advances in molecular based studies have the potential to allow further 447 

investigation of the distribution of Neotropical protists and their drivers. 448 

 449 

Conclusions: Here we review the available information of protists and put it together to 450 

understand the ecological and biogeographical patterns of the Neotropical protists. Together 451 

our review shows: 1) much more information is needed to explore the Neotropical protists 452 

diversity, ecology and biogeography; 2) Neotropical protists diversity patterns seem to be, at 453 

least in part, congruent with that of macro-organisms (Lentendu et al. 2018, Ritter, Faurby, et 454 

al. 2019); 3) environmental variables weakly explain protists distribution in both regional 455 

(Zinger et al. 2019) to more broad scale (Bates et al. 2013, Lentendu et al. 2018b, Ritter et al. 456 

2018, Ritter, Zizka, et al. 2019), however, standardized studies including different biomes are 457 

necessary to better address these patterns; and 4) studies with focus on protist that split at least 458 

the main groups that could identify families or genera are important to better understanding the 459 

ecosystem function of each group in their habitats.  460 
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Figures: 994 

995 

Figure 1. Neotropical Ecoregions with the areas that samples protists. The circles represent 996 

the studies location. Studies that used the same data are cited a by the side f the other. The 997 

yellow circle that represents Creer et al. (2010) is the side of Mahe et al. (2017) because they 998 

are done at the same station but not with same methodology and the exactly same locations. It 999 

is possible to observe the little number of studies on Neotropic with a concentration on 1000 

Neotropical forests. A big gap on sampling of other ecoregions such as Andes, dry areas, 1001 

temperated Neotropical regions, deserts and xeric vegetation is notable. 1002 
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 1004 

Figure 2. Schematic design of the main groups of protists found in the different 1005 

environments in Neotropics. The circles represent the zoom showing the most common 1006 

protists in each environment. A) the phytotelmata of bromeliads plants where was found 1007 

several Ciliophora and Flagellates; B) soil protists that are mostly represented by Alveolata 1008 

(mostly Apicomplexa), Dinophycea, Cercozoa and Ciliophora; C) the animal bodies that are 1009 

occupied by parasitic protists such Apicomplexa; D) river environments that presents several 1010 

species of Testade Amoebae; and E) lakes with the dominance of Discoba (mainly 1011 

Euglenidaes), Ciliophora and Ochrophyta. 1012 
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