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Introduction

Arachnids cause human and animal afflictions. These range from poisoning, caused

mainly by spiders (Lüddecke et al., 2022) and scorpions (Abroug et al., 2020), but also by

ticks (Cabezas-Cruz and Valdés, 2014), to infectious diseases transmitted mainly by ticks

(de la Fuente et al., 2017) and also by some mites such as Dermanyssus gallinae (Schiavone

et al., 2022). Furthermore, mites can parasitize insects, with Varroa destructor, which affects

honeybees, being a notable example of parasitism in Arachnida (Vilarem et al., 2021).

Several arachnid species thus highlight the importance of this group in terms of economic

loss and burden on animal and human health. It is inconceivable to speak today about the

impact of vector-borne diseases without evoking Borrelia pathogens causing Lyme disease

or relapsing fever and vectored by hard or soft ticks (Kurokawa et al., 2020; Faccini-

Martıńez et al., 2022), or referring to the global decline of honeybees that places Varroa

mites (Vilarem et al., 2021) at the centre of the debate. Recently, a new condition called

alpha-gal syndrome has emerged, which is a type of allergy to red meat triggered by bites

from ticks like Amblyomma americanum or Ixodes ricinus, among others (Cabezas-Cruz et

al., 2019; Román-Carrasco et al., 2021; Cabezas-Cruz et al., 2021). This discovery has

expanded our knowledge about diseases transmitted by arachnids and has also posed

challenges to our current understanding of allergies in general (Cabezas-Cruz et al., 2019;

Román-Carrasco et al., 2021; Cabezas-Cruz et al., 2021). The study of arachnids today

encompasses various research areas that contribute to our understanding of “infectious

diseases,” “vectors,” “allergy,” “venoms,” and “microbiota,” among other topics.

Beyond the importance of vector-borne pathogens for human and animal health, studies

on tick–pathogen interactions have shed light on the close relationships from which both

vector and pathogen benefit (Cabezas-Cruz et al., 2017). Vector saliva assists pathogen

transmission through specific molecular mechanisms (Ramamoorthi et al., 2005), while

pathogens induce the expression of tick proteins (Neelakanta et al., 2010) that potentially

increase vector survival in the environment (Cabezas-Cruz et al., 2017). This makes pathogen

transmission a relevant evolutionary trait rather than a by-product of hematophagy. Departing

from the existing paradigms in various fields of study within arachnid science and embracing

arachnid biology and evolution as a whole can bring interesting, original, and unexpected

insights that push forward our understanding of animal biology in general. For example, on

one hand, a recent study challenged the concept of venom sterility, indicating the presence of

bacterial pathogens in the venom of some spiders (Esmaeilishirazifard et al., 2022). On the

other hand, the saliva of V. destructor, which is also a vector of pathogens affecting bees

(Richards et al., 2011; Becchimanzi et al., 2020), contains proteins found in tick saliva and

other venomous animals (Cabezas-Cruz and Valdés, 2014). Proteins in V. destructor saliva

influence host immunity, preventing host infection by opportunistic pathogens (Becchimanzi

et al., 2020). These studies suggest an intriguing ancestral evolutionary association between
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arachnids, their venom or saliva [tick saliva can be considered a special

type of venom (Cabezas-Cruz and Valdés, 2014)], and the pathogens

affecting their hosts. “Arachnid Microbiota and Diseases”, a specialty

within Frontiers in Arachnid Science, creates an unrivalled opportunity

to spark debate and creates a forum for studies in which knowledge

from vector models (e.g., I. ricinus) can be transferred to other

arachnids in which vector competence is still controversial (e.g., D.

gallinae; Schiavone et al., 2022). Simultaneously, comparative studies

can bring a bird’s eye view to the evolution of pathogen transmission

or other complex traits across arachnids.

Certainly, more exciting discoveries are yet to come.

Recent technological developments in DNA sequencing (Malla

et al., 2019; Yen and Johnson, 2021) have enabled “the microbiome

revolution” (Blaser, 2014), a reformulation of scientific questions

to include the microbiota as an essential player in biological

phenomena, from animal and plant physiology to disease. The

concept of species as a group of individuals sharing well-defined

and unique properties is being challenged by the evidence-rich

realization that all multicellular animals, and many unicellular

organisms too (e.g., protozoans, Denoncourt et al., 2014), are

inhabited by and/or associated with more than thousands (in some

animals, trillions) of microorganisms (but see, Hammer et al., 2019)

that influence every aspect of their biology, frommetabolic health (Fan

and Pedersen, 2021) to resistance (Ford and King, 2016) and

susceptibility (Stevens et al., 2021) to pathogen infection. We can no

longer rely simply on genetic definitions and germline-borne

transmission of genes as the unique or key features to explain

“typical” phenotypes carried and expressed by species, as the

contribution of commensals and/or symbionts to almost all animal

phenotypes permeate every attempt to study isolated traits within any

given species.

Microbiota dynamics are relevant to arachnid biology and

disease ecology. For example, studies have demonstrated that

manipulation of microbiota decreased reproductive fitness in ticks

such as Dermacentor andersoni (Clayton et al., 2015) and A.

americanum (Zhong et al., 2007), as well as in the spider mite

Tetranychus truncatus (Zhu et al., 2019). Furthermore, empirical

studies under controlled laboratory conditions have shown that tick

microbiota dysbiosis can cause a reduction in Borrelia burgdorferi

colonization in Ixodes scapularis (Narasimhan et al., 2014) and

higher transstadial transmission of Babesia microti in

Haemaphysalis longicornis (Wei et al., 2021). Microbiota–

pathogen interactions are bidirectional and, not only can

dysbiosis affect pathogen life cycles, but infection can also

modulate the vector microbiota (Abraham et al., 2017). Thus,

mounting evidence suggests that the contribution of the tick

microbiota to vector physiology and pathogen life cycle are so

relevant that vectorial capacity or competence cannot be

understood without considering the microbial communities

associated to these vectors (Wu-Chuang et al., 2021; Maitre et al.,

2022). The impact of the microbiota is not only relevant to

individuals and populations, but it is also detected at the

macroevolutionary scale, and evidence of phylosymbiosis has

been documented in ticks (Dıáz-Sánchez et al., 2019) and spiders

(Dunaj et al., 2020), facilitating the merging of genetic and

microbiological traits into conceptual unifications such as
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hologenomes (Dıáz-Sánchez et al., 2019; Price et al., 2021) and

holobionts (Dıáz-Sánchez et al., 2019; Armstrong et al., 2022).

“Arachnid Microbiota and Diseases”, along with its sister

sections “Arachnid Ecology and Behavior” (see, Schausberger,

2022), “Arachnid Diversity, Conservation and Biogeography” (see,

Agnarsson, 2023), and “Arachnid Morphology, Systematics and

Evolution”, makes Frontiers in Arachnid Science (see Kuntner,

2022) an exciting opportunity for scholars interested in bringing

forward new transformative insights or incremental evidence of

“old truths” to submit their scientific work in these fields.

We aspire to see the study of arachnid microbiota reach the

same level of advancement as research on other organisms, and this

field can greatly benefit from further exploration of microbiota

diversity and functionality in Arachnida. Great challenges lie ahead,

and we would like “Arachnid Microbiota and Diseases” to be a

major player in shaping the future developments in the field. Here,

we summarized what we consider are the two major challenges in

articulating research programs that include the microbiota and its

interplay with the biology and ecology of arachnids, and the diseases

transmitted by them. These challenges are: (i) The Ontological

Challenge, and (ii) the Epistemological Challenge. The first

challenge refers to the knowledge of “what is what?” What

concepts, categories, names, and definitions are the scientific

community assigning to their subjects and objects of study? The

second challenge concerns the preconditions and goals of

knowledge, as well as how the knowledge on arachnid microbiota

and diseases is generated (e.g., the methodologies available to study

the subject).
The ontological challenge

Language is an evolving cultural production. Scientists, in their

endeavor to describe complex phenomena for which words may not

yet have been invented, must create their own language (and, it

seems, enjoy doing so). Marchesi and Ravel proposed in their paper

(Marchesi and Ravel, 2015) that “microbiota” was first coined by

Lederberg and McCray in 2001 (Lederberg and Mccray, 2001) but

the use of this word, based on Google records, dates back to 1928.

Microbiota can be simply defined as “the assemblage of living

microorganisms present in a defined environment” (Marchesi and

Ravel, 2015). However, in contrast to other definitions in biology

[e.g., that of “deoxyribonucleic acid” (DNA)] that describe a

biochemical entity with a stable and well-defined chemical

structure, the complexity that is intended to be defined with the

word “microbiota” remains elusive and keeps resisting containment

within an undisputed concept (Berg et al., 2020). For example, the

word “microorganisms” includes bacteria, fungi, viruses,

bacteriophages, and protozoans, and, accordingly, many papers

use an expanded definition of microbiota as “the assemblage of

bacteria, fungi, viruses, and protozoans present in a defined

environment”. However, some argue that as viruses are not

considered as living microorganisms (Dupré and O’Malley, 2009),

they should not be included in the definition of “microbiota”.

Another issue in this debate, for example, is that the most used

technique to study the presence of bacteria and archaea in the
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‘microbiota’ is 16S rRNA amplicon sequencing (see The

Epistemological Challenge), which does not limit the detection to

living microorganisms. This, if we stick to the definition above,

renders 16S rRNA amplicon sequencing results as insufficient for

strictly describing the “microbiota”.

Furthermore, within “microorganisms” there are “commensals”,

“pathogens”, and “symbionts”, which are not interchangeable terms

and are involved in well-defined interactions with their host (e.g., mites,

ticks, or spiders) or environment (e.g., soil). Thus, placing “pathogens”

[strictly speaking, “a pathogen is defined as an organism causing

disease to its host, with the severity of the disease symptoms referred

to as virulence” (Balloux and van Dorp, 2017)] within the concept of

“microbiota” is confusing and misleading. A pathogen causes infection,

and, while the microbiota can facilitate pathogen infection (see, Stevens

et al., 2021), in principle, microbes in the microbiota should not cause

disease directly as a pathogen does. To distinguish between

“microbiota” and “microbiota + pathogens”, concepts such as

“pathobiota” [i.e., microbes with potential pathogenic behavior

(Bartoli et al., 2018)] and “pathobiome” [i.e., both healthcare-

acquired and healthcare-adapted pathobiota (Defazio et al., 2014;

Alverdy and Krezalek, 2017)] have been proposed.

An additional layer of confusion arises specifically in

Arachnida. On one hand, non-pathogenic (i.e., non-pathogenic

for humans or domestic animals) microbes found in ticks can be

classified as commensals, facultative symbionts, or obligate

symbionts. Frequently in the literature, the three types of non-

pathogenic microbes are referred to as being part of the tick

microbiota, and, subsequently, it is mentioned that the microbiota

composition is under the influence of several factors including

physiological stress from environmental traits, consumed blood,

host species, tick immunity, and developmental stage (Wu-Chuang

et al., 2021). However, an “obligate symbiont” within the microbiota

composition (in the sense of the presence/absence of taxa) cannot

be under the regular influence of the factors above because by

definition, if an “obligate symbiont” is removed, the symbiont and

host die or are significantly harmed (Bennett and Moran, 2015;

Duron et al., 2018), unless the symbiont is replaced (Binetruy et al.,

2020). On the other hand, tick-borne pathogens (i.e., pathogenic for

humans or domestic animals) can be facultative symbionts for ticks

(e.g., Anaplasma phagocytophilum; Neelakanta et al., 2010), which

erodes potential notions of tick microbiota as including exclusively

“non-pathogenic” microbes.

Altogether, the meĺange of definitions colliding within the

concept of “microbiota” creates difficulty in reaching an

undisputed concept of “microbiota” and, more importantly, a

concept that can be used unambiguously by all members of the

scientific community. This challenge becomes greater when

considering the potential definitions given to the “microbiota” by

the lay public. Despite these definitions being important, as they

represent public perceptions of this scientific field, they are not

considered here.

As these conceptual distinctions are important for increasing

the precision of research, a solution to this conundrum is needed.

We propose one solution taken from linguistics, namely
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grammatology (Derrida, 1998). Considering the impossibility to

assign a clear (i.e., unambiguous) meaning to the word ‘microbiota’,

we propose the use of microbiota sous rature [in the sense used by

the philosophers Martin Heidegger and Jacques Derrida (Derrida,

1998)] instead of “microbiota”. According to Heidegger, sous rature

(under erasure) expresses the problem of the presence and absence

of meaning in language. Heidegger put words “under erasure”,

simultaneously recognizing and questioning the meaning of the

term and its accepted use (Derrida, 1998). A word sous rature is

“insufficient but necessary” (Derrida, 1998). Sous rature means that

a particular signifier (e.g., a word) is not fully adapted to the concept

it represents, but must be used because the constraints of our

language offer nothing better (Derrida, 1998). Thus, the word

microbiota hereafter designates a complex arrangement of

concepts for which a meaning shall be defined and specified in

each study as clearly as possible.
The epistemological challenge

Epistemology is concerned with the preconditions and goals of

knowledge, as well as with how knowledge is generated (Egger and

Yu, 2022). What are the preconditions of knowledge in the study of

arachnids microbiota? Should knowledge be generated exclusively

from data, rendering theory no longer necessary, or shall theory

play an important part in interpreting the results from algorithms

and data analysis (Egger and Yu, 2022)? What are the paradigms

[i.e., “world views representations underlying theories and

methodology of a particular scientific field“ (Kuhn, 1962)]

shaping theor ie s and methodologies in the fie ld of

arachnids microbiota?

Based on the available scientific literature, several paradigms

can be proposed. For example, ‘all arachnids have a microbiota’,

‘microbiota improves host fitness’, and ‘the microbiota and its host

form an evolutionary unit’. These conceptions, in addition to setting

an expectation and having predictive value, also influence the

design of our experiments and thus shape the progression of this

scientific field. Based on these paradigms, we would design

experiments searching further evidence on how microbiota

contributes to the survival of arachnids or organismal processes

carried by these animals (e.g., molting), or how microbiota provides

selective advantages to their host in different ecological or

evolutionary contexts. However, these paradigms have been

challenged (see, e.g., Moran and Sloan, 2015), and alternative

paradigms have been proposed, such as ‘not every animal (which

includes arachnids) has a microbiota’ (see, e.g., Hammer et al.,

2019), 'presence of microbiota in a host does not equal co-evolution

between host and microbiota’ (Moran and Sloan, 2015), and

‘microbiota can reduce host fitness’ (Stevens et al., 2021). This

brings us to the question of what is the null hypothesis when

designing our microbiota-related experiments. For example, Moran

and Sloan (2015) called for a case-by-case analysis in which

selection at the level of the symbiotic community should not be

accepted as the null hypothesis to explain host–symbiont
frontiersin.org
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associations. It would be exciting to see scientific work providing

examples of arachnid microbiota interactions that confirm or

challenge the above paradigms. Better still, the diversity of

arachnids offers the invaluable opportunity to find examples that

break with the old established paradigms and open the door to

new ones.

Some questions also concern the microbial ecology of arachnid

microbiota. What factors shape the composition, diversity, and

community assembly of microbiota in arachnids? What are the

links between soil microbiota and that found in arachnids that

spend extended periods of time in the soil and/or plants? A diverse

community of microbes is established anew in each host generation

(Coyte et al., 2021). The order [i.e., “priority effect” (Debray et al.,

2022)] and identity of incoming microbes are critical in the

assembly processes (Coyte et al., 2021). Is the community

assembly in arachnids stochastic (Jones et al., 2022), predictable

(Coyte et al., 2021), or both (Zhou and Ning, 2017)? Co-

dependencies between members of the microbiota contribute to

the assembly, as resident bacteria could facilitate the survival of a

secondary-acquired microorganism if the two have cooperative

interactions, while at the same time co-dependencies create a

barrier to assembly (Coyte et al., 2021). In particular, the

establishment of new microbes might fail owing to the absence of

cooperative bacteria in the host microbiota (Coyte et al., 2021).

Ecological theory predicts that hosts can overcome barriers to

assembly by promoting uptake of multiple microbes in one step

or by feeding key early colonizers (Coyte et al., 2021). It would be

interesting to study how different arachnid species contribute to

overcoming barriers to community assembly.

Studies onmicrobiota composition, diversity, and assembly can be

carried out using field-collected arachnids (e.g., Zhang et al., 2019),

laboratory colonies of arachnid species of interest to test specific

hypothesis under controlled conditions (e.g., Abraham et al., 2017), or

a combination of both approaches in which field-collected arachnids

are placed in the laboratory for experimental manipulation (e.g., Gall

et al., 2017). The research can further focus on interactions between

arachnid hosts and single microbial species, such as obligate (Zhu

et al., 2019; Ogawa et al., 2020) or facultative (Zhu et al., 2018)

endosymbionts, or between these arthropods and the diverse

microbial community associated with them (Zhu et al., 2019).

Owing to the limitations of traditional culture methods for isolating

microorganisms, in most cases, experimental designs include one or

more “omics” technologies for the detection of one or more microbial

biomolecules. The “omics” technologies more frequently used include:

(i) amplification of specific regions of genetic markers, usually 16S

rRNA genes (to detect bacteria and archaea) or 18S rRNA genes and

the intergenic spacer (ITS) region (to detect protozoans or fungi); (ii)

shotgun sequencing of microbial genomes (metagenomics) (Wang

et al., 2015; Sergaki et al., 2018; Yen and Johnson, 2021); (iii) RNA

sequencing for the detection of microbial transcripts

(metatranscriptomics) (Wang et al., 2015; Sergaki et al., 2018); (iv)

detection of microbial protein fragments (metaproteomics) (Wang

et al., 2015; Sergaki et al., 2018); and (v) detection of microbial

metabolites (metabolomics) (Wang et al., 2015; Sergaki et al., 2018).

High-throughput sequencing allows for the generation of vast

amounts of “omics” data. In recent years, this technology has been
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combined with artificial intelligence (AI) to explore the connections

between microbiota composition and function (Hernández Medina

et al., 2022). AI has also been utilized for feature selection and

biomarker identification (Marcos-Zambrano et al., 2021), as well as

for integrating various types of data, including metagenomics,

metatranscriptomics, and metabolomics (Li et al., 2022). For

example, Chen et al. (2021) performed a robust prediction of

human health status from longitudinal microbiota data using a

comprehensive deep-learning-based framework. In another study,

Wassan et al. (2019) proposed a novel integrative framework, Phy-

PMRFI (phylogeny-aware modeling for prediction of metagenomic

functions using random forest feature importance), to identify if

phylogenetic relatedness is a good predictor of functional similarity

in microbial communities. Inclusion of the phylogenetic measure in

Phy-PMRFI maximized the classification of microbiota functions

according to properties of taxa (Wassan et al., 2019). However,

studies of arachnids microbiota using AI applications are scarce or

non-existent in the literature.

Most arachnid microbiota studies available have used 16S rRNA

amplicon sequence data to evaluate the taxonomic profiles of bacteria

in the microbiota (see e.g., Dunaj et al., 2020; Wu-Chuang et al., 2021;

Zheng et al., 2022). Microbiota data are compositional [i.e., describe

relationships between components that are not independent and have

an arbitrary sum (Quinn et al., 2018)], sparse [i.e., having excessive

zero counts (Hu et al., 2018)], and high dimensional [(i.e., with a

larger number of features per sample (Hernández Medina et al.,

2022)], and, as such, require special treatment. For specifics on how

to deal with microbiota data, the reader is referred to other

publications (e.g., Chen et al., 2022; Lin and Peddada, 2020;

Galloway-Peña and Hanson, 2020). Although a detailed discussion

of this issue is out of the scope of the present editorial, we will refer to

two examples in which methodological choice has a big impact on

data interpretation. First, in many microbiota studies, prokaryotic

taxa profiles are delineated using operational taxonomic units

(OTUs). However, amplicon sequence variants (ASVs) allow the

resolution of rare members of the community, which, among other

reasons (Callahan et al., 2017), makes ASVs the ideal unit of marker

gene analysis and reporting. Choosing ASVs over OTUs has a

significant impact on the taxonomic profiles of the microbiota; as

for example, given samples with equal microbial load and diversity,

detected species richness may be higher when using ASVs. Second, if

not accounted for, the sampling fraction, defined as “the ratio of

expected abundance of taxa in a sample to the corresponding absolute

abundance in the ecosystem”, may increase the false discovery rate in

microbiota studies (Lin and Peddada, 2020). To eliminate any bias

owing to differences in the sampling fractions, it is critical to

normalize the data (Lin and Peddada, 2020) using rarefying-

(Hughes and Hellmann, 2005), scaling- (Lin and Peddada, 2020),

or log-ratio-based methods (Lin and Peddada, 2020). The later

methods were inspired in Aitchison ’s methodology for

compositional data (Aitchison, 1982). The normalization method

of choice will impact the numbers and sets of differentially abundant

taxa (Lin and Peddada, 2020), with some methods outperforming

others (see, e.g., Nearing et al., 2022).

The implementation and integration of different “omics”

technologies and AI methodologies to further understand
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arachnid–microbiota interactions as well as the implementation of

sound statistical analysis to deal with the complexity of microbiota

data are important challenges (Rasmussen et al., 2022). “Arachnid

Microbiota and Diseases” encourages submissions on the

application of AI in the exploration of arachnids microbiota as

well as on the use of metagenomics, metatranscriptomics,

metaproteomics, and metabolomics to study the composition and

function of microbiota in arachnids.

Although multiomic profiling studies integrating various

“omics” technologies enable a comprehensive understanding of

complex host–microbiota interactions (see, e.g., Rasmussen et al.,

2022), 16S rRNA amplicon sequence data can be used to, in

addition to taxonomic profiling, gain insights into the array of

functional capabilities of microbial communities (Douglas et al.,

2020) and explore complex microbe–microbe interactions using

network analysis (Röttjers and Faust, 2018; Kaiser et al., 2022).

Available tools such as PICRUSt, PICRUSt2, Tax4Fun, and

FaproTax can be used to infer microbial functional genes from 16S

rRNA amplicon sequencing data (Douglas et al., 2020; Sun et al., 2020).

In particular, PICRUSt2 has been applied to elucidate the functional

profiles of microbiota from various animals (Wu-Chuang et al., 2022a;

Aželytė et al., 2023; Corduneanu et al., 2023), including several tick

species such as I. scapularis (Wu-Chuang et al., 2022b), I. ricinus

(Mateos-Hernández et al., 2020; Mateos-Hernández et al., 2021),

Amblyomma variegatum, Amblyomma hebraeum, and Hyalomma

truncatum (Chigwada et al., 2022). Predicted metabolic profile

analysis using PICRUSt2 revealed a high functional redundancy in

the tick microbiota (Estrada-Peña et al., 2020). A limitation of

amplicon-based functional predictions is that its accuracy varies

across sample types and functional categories (Sun et al., 2020), as

inferences are biased toward existing reference genomes and cannot

provide resolution to distinguish strain-specific functionalities.

Therefore, validation of the PICRUSt2 annotation is recommended.

Recently, two studies used PCR to validate the functional predictions of

ticks microbiota using PICRUSt2 (Mateos-Hernández et al., 2020;

Mateos-Hernández et al., 2021), providing further support for the

use of this tool to explore functional profiles in the microbiota of

different arachnid species.

The 16S rRNA amplicon sequences can also be used to assess

potential interactions between taxa in the microbiota. Network

analysis is a powerful tool used in ecology to explore the complexity

of microbial communities (Röttjers and Faust, 2018; Guseva et al.,

2022). The graphical depiction of networks is a simplified

representation of complex microbial systems. In microbial networks,

the nodes represent taxa and the edges between them patterns of co-

occurrence or correlations as a proxy for interactions (but see,

Blanchet et al., 2020). Interestingly, in network analysis, taxa

abundance is no longer a key metric for assessing the importance of

taxa in a community, as rare microbes (i.e., low-abundance taxa) can

have a central role in the network (Guo et al., 2022). Patterns of

positive and negative co-occurrence between nodes in microbial

networks can also be used to analyze the possible consequences of

those interactions on the microbial fitness and metabolic functions of

the microbiota (Berg et al., 2020). Furthermore, network centrality

metrics (e.g., betweenness centrality and eigenvector centrality)

(Newman, 2010) can be used to identify keystone taxa “with a
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major influence on microbiota structure and function at a particular

space or time” (Banerjee et al., 2018). Keystone taxa were predicted in

ticks microbiota based on high eigenvector centrality, high abundance,

and ubiquity (Mateos-Hernández et al., 2020; Mateos-Hernández

et al., 2021; Wu-Chuang et al., 2022c). The importance of keystone

taxa in ticks microbiota was recently validated using anti-microbiota

vaccines (Mateos-Hernández et al., 2020). Thus, network analysis is an

ideal tool to assess complex microbial systems, including those found

in arachnids. Network approaches can advance the understanding of

microbial ecology in arachnids.

Concluding remarks

The study of microbiota in arachnids is in its infancy, which

provides an opportunity for testing hypotheses already validated in

other animal systems and to generate innovative experimental

designs to test novel hypotheses. The mélange of concepts

covered and colliding in the word “microbiota” requires the use

of microbiota (sous rature) to highlight the conditionality of the

term, for which a meaning shall be defined and specified in each

study as clearly as possible.

Multiomic approaches have several advantages over studies

relying solely on 16S rRNA amplicon sequencing for the

characterization of the microbiota. However, combining 16S

rRNA amplicon sequencing data with sound statistical methods

and the integration of diverse data analysis pipelines can shed new

light on arachnid–microbiota interactions and the microbial

ecology of the multiple microorganisms inhabiting these animals.

Single-point microbiota composition analyses are predominant

in the literature, whereas longitudinal microbiota data are rare.

Longitudinal studies could help understanding of the dynamics

microbiota of composition, taxa abundance, and assembly in

arachnids. The application of AI algorithms can help uncover

complex patterns in single-point and longitudinal microbiota data.
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