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ABSTRACT
The inclusion of functional traits of protists in environmental sequencing surveys, in addition to the traditional taxonomic frame-
work, is essential for a better understanding of their roles and impacts on ecosystem processes. We provide a database of func-
tional traits for a widespread and important clade of protists—the Amoebozoa—based on extensive literature research in eight 
trait categories: Habitat, locomotion, nutrition, morphology, morphotype, size, spore formation, and disease-relatedness. The 
comparison of community traits of the Amoebozoa with sympatric but highly divergent Cercozoa (Rhizaria) revealed both con-
vergent evolution of morphology or locomotion and distinct differences in habitat preference and feeding selectivity. Amoebozoa 
seem to be rather unselective in their prey choice compared to Cercozoa. Indeed, the feeding preferences of Amoebozoa appeared 
to be related to cell size, whereas Cercozoa selectively feed on prey. Applications to metatranscriptomic data from soil, litter, and 
bark surfaces revealed differences in the average community trait compositions and ecosystem functioning, such as an increased 
proportion of disease-related Amoebozoa in soil or different proportions of nutrition types of Amoebozoa and Cercozoa on bark. 
This database will facilitate ecological analyses of sequencing data and improve our understanding of the diversity of adaptations 
of Amoebozoa to the environment and their functional roles in ecosystems.

1   |   Introduction

Refined information on the functional diversity of organisms, 
in addition to the traditional taxonomic framework, may greatly 
improve our knowledge of their function in ecosystem processes 
(Bouskill et al. 2012; Krause et al. 2014) but also, for example, 
how abiotic and biotic drivers shape communities (Briones 2014; 
Fiore-Donno et  al.  2019). To meet the analytical demands of 
environmental sequencing projects, trait-based data must be 

collated and tools developed to easily assign functional traits to 
existing sequencing databases.

Trait-based community analyses aim to link species diversity 
to ecosystem functioning (Lavorel and Garnier  2002; Violle 
et al. 2007). Traits, on the one hand, determine the performance 
and fitness of an organism (response traits) by directly reflecting 
its adaptations to physical, chemical, and biotic environmental 
drivers. On the other hand, traits such as feeding mode capture 

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.

© 2025 The Author(s). Molecular Ecology Resources published by John Wiley & Sons Ltd.

https://doi.org/10.1111/1755-0998.70064
https://doi.org/10.1111/1755-0998.70064
mailto:
https://orcid.org/0000-0002-1745-9171
https://orcid.org/0000-0001-9273-2038
https://orcid.org/0000-0003-2656-1183
mailto:
https://orcid.org/0000-0001-8798-0483
mailto:jule.freudenthal@uni-koblenz.de
mailto:kenneth.dumack@uni-koblenz.de
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1755-0998.70064&domain=pdf&date_stamp=2025-10-30


2 of 10 Molecular Ecology Resources, 2026

their potential impact (effect traits) on the environment and, 
thus, species' contributions to ecosystem functioning (Krause 
et  al.  2014; Suding et  al.  2008). Accordingly, trait-based com-
munity analyses may provide detailed information on the niche 
space occupied by communities (Lennon et al. 2012) or covered 
by a taxonomic group (Díaz et al. 2016) but also allow for an up-
scaling of ecosystem processes (Mulder et al. 2013).

Trait-based surveys are widely established for plants, animals, 
and prokaryotes (Beier et  al.  2022; Bouskill et  al.  2012; Louca 
et al. 2016). However, a sound functional understanding of the 
super-diverse communities of microbial eukaryotes is challeng-
ing, as their over 20 phyla comprise a multitude of completely 
independent evolutionary trajectories (Ruggiero et  al.  2015). 
Furthermore, taxonomic and functional diversity are generally 
not necessarily coupled (Louca et al. 2016). For example, closely 
related taxa may exhibit different predatory impacts (Glücksman 
et al. 2010). Accordingly, studies covering a broad range of the 
diversity of microbial eukaryotes may so far provide only lim-
ited information on their functions (Aslani et al. 2022; Giachello 
et al. 2023; Köninger et al. 2023).

Over the past decade, there has been an increase in trait-based 
environmental surveys focusing on the lesser-investigated part 
of the microbial diversity: the protists (Amacker et  al.  2022; 
Fiore-Donno et  al.  2019; Flues et  al.  2017; Jauss et  al.  2021; 
Lamentowicz et  al.  2020). Protists, a paraphyletic assemblage 
of mostly unicellular eukaryotes, represent the vast majority 
of microbial eukaryotic diversity. Protists fulfill numerous and 
diverse ecological functions in both terrestrial and aquatic eco-
systems, including primary production, the exertion of distinct 
predation patterns, and parasitism of plants and animals. To 
deepen our understanding of their functional roles in ecosystem 
processes, it is crucial to include functional traits. For example, 
the metabolic basis of protistan functional traits has been used 
to identify the main drivers of shifts between net heterotrophy 
and autotrophy in the oceans and to establish models predict-
ing phytoplankton blooms (Alexander et  al.  2015). Moreover, 
the importance of symbioses among planktonic eukaryotes was 
only revealed after compiling the planktonic Protist Interaction 
DAtabase (PIDA, Bjorbækmo et al.  2020). Similarly, in terres-
trial ecosystems, the application of functional traits has revealed 
seasonal increases in consumer pressure that promote more di-
verse and evenly distributed prey communities, highlighting the 
role of biotic interactions in shaping microbial food webs over 
time (Fiore-Donno et al. 2024).

In soils, Amoebozoa and Cercozoa (Rhizaria) are the most dom-
inant terrestrial protistan supergroups (Domonell et  al.  2013; 
Dumack et al. 2016; Fiore-Donno et al. 2024; Urich et al. 2008; 
Voss et al. 2019). A detailed trait database exists for the Cercozoa 
and Endomyxa (Dumack et al. 2020). This trait database allows 
an easy assignment of traits to environmental sequences and 
thus enables functional insights into the structure of microbial 
food webs. Fiore-Donno et al. (2019) showed a relative increase 
in the abundance of shell-bearing Cercozoa with drier soils, 
supporting the long-assumed function of their shells; that is, in-
creased drought resistance due to reduced evaporation.

The supergroup Amoebozoa is equally diverse (Figure  1) and 
abundant as Cercozoa and comprises three major lineages (Kang 

et al. 2017; Tekle et al. 2022): First, the Evosea, which include 
some taxa with flagellated cells and complex life cycles, and 
others that are giant, such as the plasmodia of Myxomycetes 
(clades: Cutosea and Conosea). Second, the Discosea, compris-
ing the Flabellinia, characterised by flattened cells with separate 
hyaloplasm from which (lobose) subpseudopodia protrude (or-
ders: Stygamoebida, Thecamoebida, Dactylopodida, Vannellida, 
Dermamoebida), and the Centramoebida, some of which pos-
sess scales (orders: Acanthamoebida, Pellitida, Himatismenida). 
Third, the Tubulinea, comprising shell-bearing but mostly 
naked lobose amoebae, with highly variable cell sizes rang-
ing from 20 μm to several centimetres; taxa with larger cells 
often form branching (ramose) or network-forming (reticulose) 
pseudopodia (orders: Leptomyxida, Euamoebida, Arcellinida, 
Echinamoebida). Moreover, the Amoebozoa include important 
human parasites like Acanthamoeba spp., Balamuthia man-
drillaris, and Entamoeba histolytica (Fiore-Donno et  al.  2016; 
Geisen et al. 2014; Tice et al. 2016; Walochnik 2018). Traditional 
approaches had early on identified the ecological importance of 
Amoebozoa in soil systems as part of microbial food webs, shap-
ing community composition as both predators and prey, and 
facilitating nutrient cycling; for example, mineralisation of ni-
trogen in the soil that promotes plant growth (Azam et al. 1983; 
Clarholm 1985; de Ruiter et al. 1995). Unfortunately, the wide-
spread use of “general eukaryotic” primers in metabarcoding 
studies has led to a consistent and dramatic underrepresentation 
of amoebozoan sequences in surveys of terrestrial eukaryote 
diversity (Fiore-Donno et  al.  2016; Geisen, Laros, et  al.  2015; 
Lentendu et al. 2014). In contrast, metatranscriptomics does not 
suffer from these extreme primer biases and has led to sequenc-
ing results largely concordant with microscopic surveys illus-
trating the dominance of Amoebozoa (Fiore-Donno et al. 2024; 
Freudenthal et al. 2022; Heck et al. 2023; Voss et al. 2019). Now 
that the molecular methodology to assess the taxonomic rich-
ness and diversity of Amoebozoa is established, a trait database 
is highly needed to understand the diversity of their functional 
roles in terrestrial and aquatic communities.

Here, we provide a trait database for Amoebozoa to serve as a 
common reference and to facilitate functional ecological stud-
ies. We showcase the usage of amoebozoan traits on recently 
published metatranscriptomic data of soil, leaf litter, and bark 
surfaces, and we compare the traits of the two most dominant 
soil protistan supergroups—Amoebozoa and Cercozoa.

2   |   Materials and Methods

2.1   |   Trait Database Design and Justification 
of Genus-Level Trait Assignment

As a baseline for our literature research, we screened the cu-
rated diversity of amoebozoan 18S rDNA sequences in the PR2 
database v. 5.0.0 (Guillou et al. 2012), which is based on the tax-
onomic framework of Burki et al. (2020), to retrieve all currently 
included amoebozoan genera. As most traits (e.g., nutrition, lo-
comotion, morphotype) in protists are conserved within genera 
(Dumack et  al.  2020). In addition, sequences in reference da-
tabases are typically not assigned to species, as short reads in 
environmental sequencing data often do not allow for reliable 
taxonomic assignment at the species level. We attributed traits 
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by means of an extensive literature review, including original 
descriptions, meta-analyses, and already collated datasets. All 
consulted references are provided in the database (Table S1) and 
in the Data S1. Our aim was to select functional traits that en-
able ecologically meaningful interpretation of community data 
and to facilitate robust statistical analyses of sequencing data. To 
this end, we (1) included both response traits, which reflect ad-
aptations to environmental conditions, and effect traits, which 
indicate potential influence on ecosystem functions (Krause 
et al. 2014; Suding et al. 2008), (2) aligned the traits as much as 
possible with those used in the published Cercozoa trait data-
base (Dumack et al. 2020) to facilitate cross-group comparabil-
ity, while also incorporating traits specific to Amoebozoa (e.g., 
spore formation), (3) focused on traits that were consistently 
present in most descriptions, and (4) divided each trait category 
into discrete units such that each taxon is assigned only once 
per category. Despite our attempts to be as exhaustive as possi-
ble, this trait database is a strongly simplified representation of 
the vast functional diversity of Amoebozoa. Due to the neces-
sary sum of compromises to increase its practical application, 
it may not fulfill the expectations of taxonomists. For instance, 
the use of discrete trait categories is particularly challenging 
for Amoebozoa with complex life cycles (Keller et al. 2022; Tice 
et al. 2016).

Additionally, certain traits, particularly cell size, may differ 
considerably even within one genus or across different stages 
(Berney et al. 2015; Kylin 2001). Therefore, instead of record-
ing size as a continuous variable, we assigned a fixed (com-
mon) size range to each genus, which, however, needs to be 
considered with care, as variability can be large. Accordingly, 
comments and references are given for each genus (Table S1; 
Data S1).

2.2   |   Functional Traits

We considered the following functional trait categories for 
Amoebozoa: prey range, rough morphology, and morpho-
type, locomotion, known habitat preference, animal disease-
relatedness (whether as vector or immediate parasite), 
presence/absence of spore formation, and size range (see 
Table  1; Table  S1; Data  S1). Prey range states were grouped 
according to bacterivorous, omnivorous (feeding on bacte-
ria and eukaryotes), eukaryvorous (feeding on fungi, micro-
fauna, algae, or other protists), and saprotrophy. We could not 
assign more precise states (e.g., fungivorous, algivorous) for a 
lack of information (or contradictory reports, i.e., likely mul-
tiple trophic modes) for most taxa. Morphology was mainly 

FIGURE 1    |    Overview of the morphological diversity of the Amoebozoa. The graphic shows (1) the Evosea, represented by Myxomycetes sp. and 
Artodiscus saltans (Conosea), (2) the Discosea, represented by Vannella simplex (Flabellinia), and (3) the Tubulinea, represented by Amphizonella 
violacea (Corycida), Vermamoeba sp. (Echinamoebida), Arcella vulgaris, Difflugia sp., Lesquereusia spiralis (Arcellinida), Chaos sp. (Euamoebida), 
and Leptomyxa sp. (Leptomyxida).
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specified by the presence/absence of a shell and flagella. 
As amoebozoan amoebae, although variable, show well-
recognisable shapes (Smirnov and Brown  2004), we further 
defined simplified morphotypes; that is, disc, tubule, palm, 
and reticulate. Two main locomotion modes were recognised: 
substrate-bound gliding and free swimming. However, amoe-
bae, amoeboflagellates, and flagellates differ not only in their 
locomotion, but amoeboid cells are surface feeders, whereas 
prey capture of flagellates likely is much more selective due 
to their larger handling time. Habitat states distinguished 
soil and freshwater taxa from marine taxa, given that soil-
inhabiting and freshwater taxa may easily switch habitats, 
whereas marine taxa are rarely found in soil/freshwater hab-
itats (Singer et  al.  2021; Smirnov and Brown  2004). Genera 
accommodating species from marine and soil/freshwater 
habitats were considered to have evolved ubiquitous habitat 
preferences. Spore formation is an important trait to enhance 
dispersal and survival in heterogeneous and harsh environ-
ments (Geisen et  al.  2018). As most protists exhibit disper-
sal limitation locally and regionally, especially in terrestrial 
and soil systems, spore formation might impact community 
turnover, biogeography, and historical diversification (Bates 
et al. 2013; Martiny et al. 2006; Singer et al. 2019). For simplic-
ity, we did not consider different spore formation strategies.

Suggestions for updates can be addressed to the corresponding 
authors. A full list of the trait categories, their states, and eco-
logical relevance is provided in Table 1. All consulted references 
for the trait database (Table S1) are provided in the Data S1. An 
R package for the easy assignment of the traits and updated 
versions of the database are available at Github (https://​github.​
com/​JFreu​de/​Funct​ional​Trait​sAmoe​bozoa​) and Zenodo (DOI: 
https://​doi.​org/​10.​5281/​zenodo.​15091355).

2.3   |   Statistics

The statistical data analyses were conducted in R v. 4.3.1 (R 
Core Team 2023). The data were visualised with the R pack-
ages ggplot2 v. 3.5.1 and ggpubr v. 0.6.0 (Kassambara 2023a; 
Wickham 2011). For all analyses, we expanded the trait dataset 
by including trait data for Cercozoa and Endomyxa (Rhizaria) 
from an existing functional trait database by Dumack 
et al.  (2020). For convenience, we will refer to Cercozoa and 
Endomyxa as Cercozoa.

To assess the functional redundancy and complementarity be-
tween Amoebozoa and Cercozoa, we compared the relative 
genus richness across trait states within each trait category and 

TABLE 1    |    Functional traits of amoebozoa. The table summarizes the functional traits used to characterize Amoebozoa in this study, including 
each trait's possible states or categories and their ecological relevance. Full trait database and references are provided in Table S1 and Data S1.

Trait categories States Ecological meaning/relevance

Nutrition Omnivorous, Eukaryvorous, 
Bacterivorous, Autotroph, 

Saprotrophic, Plant 
parasite, Not plant parasite, 

Animal parasite

Nutritional modes influence community assembly (Singer 
et al. 2021), biotic interactions (Flues et al. 2017; Gao 

et al. 2019; Glücksman et al. 2010), and ecosystem functions 
such as nutrient cycling and carbon fluxes (Bonkowski 

and Clarholm 2012; Briones 2014; Jassey et al. 2022)

Morphology Naked flagellate, 
Naked amoeba, Naked 

amoeboflagellate, Testate 
flagellate, Testate amoeba, 
Testate cell silica, Testate 
cell organic, Endoparasite

Morphology and morphotype reflect adaptations to microhabitats 
and substrate (Geisen et al. 2018), environmental stress 

(e.g., desiccation), defence against predators, or specialised 
feeding strategies (Dumack et al. 2024; Geisen et al. 2018)

Morphotype Disc, Tubule, Palm, 
Reticulate, Star

Size [μm] Continuous variable The size of protists is associated to metabolism, growth rate, 
trophic position, ecological niches, and environmental responses 

(Brown et al. 2004; Potapov 2022; Woodward et al. 2005)
Size categories [μm] ≤ 100 μm, ≤ 300 μm, 

> 300 μm

Locomotion Gliding, Swimming, 
Non-motile

Reflects microhabitat adaptation and resource exploitation 
strategies (Dumack et al. 2020; Fiore-Donno et al. 2019)

Habitat Ubiquitous, Soil and 
freshwater, Marine, Gut

Habitat preference reflects environmental tolerance 
and niche adaptation (Burki et al. 2021)

Disease related? Yes, No Identifies disease-related protists, which may pose ecological 
and economic threats in; for example, aquaculture or may 

cause severe diseases in humans and animals (El-Dib 2017; 
Lisnerová et al. 2025; Tice et al. 2016; Visvesvara et al. 2007)

Spore formation observed? Yes, No Spore formation is associated with survival and dispersal 
potential in variable or harsh environments (Geisen et al. 2018)
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visualised the results using a Sankey diagram. Only taxa for 
which traits could be assigned were considered for the relative 
genus richness.

To test for size differences associated with nutritional modes, 
we compared the sizes of bacterivorous, eukaryvorous, and 
omnivorous taxa for Amoebozoa and Cercozoa, respectively. If 
only a size range was given for a taxon, the mean size was cal-
culated. Specifications such as “up to” or “larger than” were 
not considered; taxa with a size of “up to macroscopic” were re-
garded as 1000 μm in size. The sizes across feeding types were 
compared using a Kruskal-Wallis test and Dunn's post hoc test 
(rstatix v. 0.7.2::kruskal_test and rstatix v. 0.7.2::dunn_test; 
Kassambara  2023b). Pairwise comparisons were corrected for 
multiple testing according to Benjamini and Hochberg (1995).

To showcase the usage of the trait database, we visualised the func-
tional trait composition of Amoebozoa and Cercozoa communities 
across different terrestrial habitats. We used publicly available 
metatranscriptomic datasets from bark (Freudenthal et al. 2024), 
litter (Voss et  al.  2019), and soil (Fiore-Donno et  al.  2024). For 

consistency of the sampling conditions across habitats, we only 
used soil samples that were collected in the summer rather than 
winter (see Fiore-Donno et al. 2024), in line with the sampling pe-
riod of the bark and litter samples. The mean and standard devia-
tion of the relative community composition for each trait category 
were calculated and visualised in a point diagram for each habitat 
and community (Amoebozoa and Cercozoa), respectively.

3   |   Results and Discussion

We provide a functional database for Amoebozoa, allowing the 
easy integration of functional traits into molecular studies, thus 
facilitating ecological interpretation. The database comprises 
functional traits; that is, habitat, locomotion, nutrition, mor-
phology, and size (Figure 2; Table 1). Additionally, we included 
information on morphotype, whether spore formation was ob-
served, and whether they may cause diseases.

A comparison of the genus richness per trait of Amoebozoa 
with the Cercozoa (Figure  2) revealed both functional 

FIGURE 2    |    Overview of the relative genus richness per functional trait within each category of the Amoebozoa and Cercozoa databases. The 
Sankey diagrams show the percentual genus richness calculated for the given traits of each category for the Amoebozoa (left) and Cercozoa (right) 
databases.

 17550998, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1755-0998.70064 by B

ibl. der U
niversitat zu K

oln, W
iley O

nline L
ibrary on [31/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



6 of 10 Molecular Ecology Resources, 2026

redundancy—that is, taxa fulfilling similar ecological roles—
and functional complementarity—that is, taxa occupying dis-
tinct ecological niches (Barry et  al.  2019; Louca et  al.  2018). 
Both groups show similar morphological variation and habitat 
preferences: They both include shell-bearing amoebae, naked 
amoebae, and flagellated taxa and are dominated by gliding spe-
cies. The latter is assumed to be an adaptation to surface feeding 
in soil habitats. Moreover, although the majority of both taxa 
feed on bacteria, either as bacterivores or as omnivores, they 
also exhibit striking differences, such as the large proportion of 
eukaryovores in Cercozoa. Further, almost 80% of the known 
amoebozoan genera occur in soil or freshwater and only a small 
fraction in marine environments, whereas for Cercozoa, the ratio 
of soil and freshwater to marine genera is nearly balanced. This 
habitat-related difference is attributable to marine-specialised 
clades within Cercozoa, such as Chlorarachnea (mostly au-
totrophic), Phaeodarea (freely swimming taxa with siliceous 
skeletons), and Ascetosporea (animal parasites). Indeed, the pro-
nounced separation between taxa inhabiting soil/freshwater and 
marine habitats is observed across all protist groups. Virtually 
no taxa occur in both habitats, and salinity is considered one of 
the strongest environmental filters driving this division (Burki 
et al. 2021; Logares et al. 2009; Singer et al. 2021).

We show that the mean size of Amoebozoa and Cercozoa is asso-
ciated with their feeding type (Figure 3). Traditionally, most pro-
tists were considered to be bacterivorous (Bezemer et al. 2010; 
de Ruiter et al. 1995). In recent years, however, it has become 
increasingly clear that many protists indeed exhibit a broad 
prey spectrum, including algae, fungi, and other heterotrophic 
protists (Dumack et  al.  2019; Estermann et  al.  2023; Geisen 
et  al.  2016; Seppey et  al.  2017). For testate amoebae, feeding 
type can generally be inferred from the shell size. Specifically, 
the aperture size has been shown to constrain the maximum 
prey size (Fournier et al. 2015; Jassey et al. 2012), although with 
certain limitations, such as ecological constraints; for example, 
sensitivity to desiccation in larger-shelled species (Fournier 
et al. 2015), or exceptions like highly specialised predators using 
their shells to attack much larger prey (Dumack et  al.  2024). 

Our comparative analysis of cell size and feeding type across 
all Amoebozoa and Cercozoa expands this general size–feed-
ing type relationship beyond testate amoebae to all groups of 
Amoebozoa and Cercozoa. We found that mean cell size sig-
nificantly differed among feeding types; that is, bacterivorous 
taxa were significantly smaller compared to eukaryvorous and 
omnivorous taxa in both Amoebozoa (p < 0.001) and Cercozoa 
(p < 0.0001) (see Figure 3). These findings support the utility of 
cell size as a proxy for feeding type. Although this pattern holds 
in general, our analyses further indicate a difference within it: 
While eukaryvorous taxa are relatively common in Cercozoa, 
they are rare in Amoebozoa, suggesting that smaller Amoebozoa 
ingest only bacteria, whereas larger ones consume bacteria and 
single-celled and multicellular eukaryotes, such as nematodes 
and fungi (Geisen, Rosengarten, et al. 2015). In other words, if 
the prey item can be entirely enclosed by an amoebozoan cell, it 
is suitable prey. Thus, the Amoebozoa are likely much less selec-
tive in their prey choice than Cercozoa, but the size of the amoe-
bozoan cell determines which prey can be ingested (Kulishkin 
et al. 2023). However, few reliable data on feeding preferences 
exist for Amoebozoa, and more feeding experiments are urgently 
needed, predominantly in taxa where individual species may dif-
fer by several orders of magnitude in cell size, for example, in 
Variosea (Berney et al. 2015).

We compared environmental metatranscriptomic datasets from 
soil, leaf litter, and bark surfaces and compared the variation in 
functional diversity across habitats (Figure  4; Figure  S1). Our 
analyses revealed distinct functional trait composition across 
habitats, particularly within Amoebozoa. Bark-associated 
amoebozoan communities exhibited a unique functional com-
munity composition, characterized by a high proportion of reads 
assigned to saprotrophic taxa (~30%), naked amoeboflagel-
late morphotypes (~75%), large cell size (> 300 μm, ~70%), and 
spore-forming taxa (~90%). These traits reflect the dominance 
of Myxogastria, which are well adapted to the harsh environ-
mental conditions on bark surfaces through; for example, resis-
tant spore stages (Ing 1994; Shadwick et al. 2009). In contrast, 
disease-related Amoebozoa were abundant in soil (~18%) but 

FIGURE 3    |    Overview of the association between size and feeding type for Amoebozoa and Cercozoa. The point diagrams show the mean sizes of 
bacterivorous (yellow), eukaryvorous (green) and omnivorous (blue) for the Amoebozoa (left) and Cercozoa (right) databases. Significant differences 
across all feeding types (Kruskal-Wallis test) and of pairwise comparisons of the feeding types (Dunn's test) are indicated with stars in the graph title 
or the graph, respectively (*p < 0.05; **p < 0.01; ***p < 0.001).
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nearly absent from bark (< 1%), consistent with previous reports 
that soils harbor a high proportion of disease-related taxa (Fiore-
Donno et al. 2016; Geisen et al. 2014; Voss et al. 2019). Together, 
these findings suggest that habitat filtering strongly shapes 
amoebozoan communities. In contrast, Cercozoa communities 
were more functionally homogeneous across habitats. This may 
reflect the dominance of generalist taxa with high dispersal ca-
pacity (Finlay 2002; Bahram et al. 2016; Jauss et al. 2020) or in-
dicate functional redundancy, where multiple taxa fulfill similar 
ecological roles, thus buffering Cercozoa communities against 
environmental variability (Louca et al. 2018). Furthermore, our 
analyses showed a large hidden functional diversity (Figure S1), 
particularly among Cercozoa due to insufficient taxonomic as-
signment, highlighting the need for future taxonomic classifica-
tion and species descriptions.

The newly provided trait database for Amoebozoa enables an 
easy assignment of traits to environmental sequencing surveys. 
This will allow detecting trade-offs and evolutionary trajecto-
ries in adaptations among different supergroups in protists and 
deepen our knowledge of the functional diversity of Amoebozoa 
and their impact on ecosystem functioning.
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FIGURE 4    |    The relative proportion of functional traits of Amoebozoa and Cercozoa communities of bark, litter and soil. The point diagrams 
show the percentages that were assigned to the given traits of each category for Amoebozoa and Cercozoa communities of bark (N = 15), litter (N = 18) 
and soil (N = 39), respectively. The points represent the mean and are colour-coded by Amoebozoa (red) and Cercozoa (blue). The error bars represent 
the standard deviation. The proportion of taxa with missing trait information is not shown, therefore, percentages within each trait category may 
not sum to 100%.
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Data Availability Statement

The trait database and an R package for the automatic assignment of the 
traits to a taxonomy table will be publicly accessible upon publication at 
GitHub (https://​github.​com/​JFreu​de/​Funct​ional​Trait​sAmoe​bozoa​) and 
Zenodo (DOI: https://​doi.​org/​10.​5281/​zenodo.​15091355).
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