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Abstract | Soil ecoacoustics is an emerging field and suite of tools that use sound and 57 

vibration to detect belowground biological activity. It offers a minimally invasive way to 58 

assess soil communities and ecosystem processes. Across biomes, we found that soil 59 

ecoacoustics is being used to detect organisms, quantify animal behaviour, monitor soil 60 

health and assess restoration interventions. Our review shows that ecoacoustic metrics 61 

reflect changes in soil fauna activity, disturbance impacts and recovery trajectories. 62 

However, major challenges remain, including inconsistent terminology, limited 63 

understanding of sound propagation across soil types, difficulty separating biotic from 64 

abiotic signals and a lack of standardised methods. We propose foundational standard 65 

operating procedures and identify how soil ecoacoustics could be integrated into global 66 

biodiversity monitoring frameworks. 67 

  68 



The importance of soils 69 

Soils are the foundation of terrestrial life. They are conglomerates of both abiotic (non-70 

living) and biotic (living) components that form complex, dynamic ecosystems. An 71 

estimated 59%->99.9% of Earth’s species live in soil systems[1,2]. We view soils as 72 

systems because they are integrated assemblages of physical, chemical and biological 73 

entities that interact dynamically across scales. Despite the importance of soils in our 74 

biosphere, 75% of the world’s soils are affected by degradation––a figure projected to 75 

rise to 90% by 2050 if deforestation, pollution, overgrazing, urbanisation and other 76 

harmful practices continue[3-5].  77 

 78 

Belowground organisms play a critical role in functions such as biogeochemical cycling, 79 

ecosystem productivity, and climate regulation (e.g., fungi and bacteria mediate carbon 80 

sequestration and greenhouse gas fluxes; soil fauna such as earthworms and arthropods 81 

influence soil structure and decomposition dynamics), while supporting 97% of our 82 

calories[6-8]. Understanding soil biodiversity is therefore vital because it underpins global 83 

food security, carbon storage and climate change resilience. However, despite its 84 

ecological significance, soil biodiversity remains comparatively understudied as it is 85 

challenging to study and monitor, particularly in situ[9-11]. Reliable methods to detect and 86 

monitor soil life are urgently needed to guide conservation, restoration and sustainable 87 

land-use decisions.  88 

 89 

Tuning into soil sounds and vibrations 90 



One underexplored approach for better understanding soils is to ‘listen’ to them. Soils are 91 

dynamic environments in which organisms generate and respond to sounds and 92 

substrate-borne vibrations. Many soil-dwelling taxa, including earthworms, beetle larvae, 93 

termites, and ants, generate sounds and substrate-borne vibrations through movement, 94 

feeding and/or communication[12-15]. Even plant roots generate vibrations as they grow 95 

and interact with soil particles. These biological signals are interspersed with abiotic (non-96 

living) sounds from processes such as water movement and shifting soil aggregates. By 97 

identifying and interpreting these sound and vibrational cues, researchers can obtain 98 

minimally invasive insights into organism presence, behaviour and ecology.  99 

 100 

Soil ecoacoustics (see Glossary) could help overcome the soil biodiversity detection 101 

and monitoring challenge, e.g., through its technological capacities, such as passive 102 

acoustic monitoring (PAM). Although ‘soil biodiversity’ encompasses a vast array of 103 

organisms, including many microbes that do not generate detectable sounds, soil 104 

ecoacoustics is particularly suited to monitoring soniferous or vibration-producing groups. 105 

These taxa and activities produce detectable acoustic signals, making them the most 106 

relevant to this emerging field.  107 

 108 

Soil ecoacoustics encompasses a suite of approaches to study soil soundscapes in 109 

order to assess and understand ecological processes and biological activity[11,16]. It 110 

draws on the disciplines of bioacoustics, biotremology, soil physics, and zoology. 111 

Indeed, soil ecoacoustics integrates abiotic soil physics, biotic community dynamics and 112 

technological capacities to detect and monitor belowground life[11,17,18]. This opens 113 



new opportunities to answer key ecological questions: How does soil biodiversity respond 114 

to disturbance and recovery? Can acoustic activity be used as a proxy for ecosystem 115 

functioning? And might soil soundscapes serve as early warning indicators of degradation 116 

or restoration success?  117 

 118 

Feedback loops––such as soil degradation affecting biodiversity, and biodiversity loss 119 

altering soil function––can be traced acoustically, potentially creating opportunities for 120 

minimally invasive and cost-effective ecological soil monitoring[12,19]. For example, 121 

degraded soils often support reduced invertebrate abundance and diversity, which 122 

appears to be somewhat reflected in lower acoustic activity/complexity[12,19]. 123 

Conversely, and more speculatively, disturbances such as soil compaction or drying may 124 

amplify abiotic sounds (e.g., cracking, shifts in soil aggregates) while suppressing 125 

biological signals; however, this remains to be studied. Monitoring these acoustic shifts 126 

could therefore provide minimally invasive indicators of soil degradation and recovery.  127 

 128 

There are outstanding challenges to overcome before soil ecoacoustics can be reliably 129 

and widely implemented. These include: 130 

● understanding how key soil characteristics (e.g., composition, texture, porosity, 131 

compaction, moisture) influence signal propagation; 132 

● distinguishing biotic from abiotic signals; 133 

● developing standardised methodologies for data collection, processing and 134 

interpretation.  135 

● terminology issues; 136 



 137 

Here, we synthesise current knowledge and identify key ecological, technical, and 138 

analytical challenges in this emerging field. Moreover, we outline the foundations of a 139 

global experimental network supported by standard operating procedures (SOPs) to 140 

encourage methodological consistency and cross-site comparability. Additionally, we 141 

highlight the potential to democratise soil ecoacoustics through open science, citizen 142 

participation, and integration into global biodiversity monitoring frameworks. 143 

 144 

Soil sound and substrate-borne vibration terminology 145 

The terminology used in acoustic-related biological disciplines is still evolving, and several 146 

overlapping terms have been proposed in the literature. A soundscape generally refers 147 

to the total acoustic environment in a given place and time, encompassing both biotic and 148 

abiotic sources. The term sonoscape is sometimes used synonymously, though less 149 

widely adopted[20]. Sonosphere[21] is employed more broadly to describe the domain of 150 

acoustic phenomena, while sonotope refers to a discrete spatial unit within an acoustic 151 

landscape, analogous to an ecological biotope[22].  152 

 153 

In soils, various mechanical waves propagate between soil particles and through the air 154 

and water spaces between particles. These mechanical waves are acoustic (sound 155 

waves; compressional waves travelling in the same direction as the propagation) and 156 

substrate-borne (e.g., waves travelling in the boundary between soil-air, non-157 

compressional waves oscillating with perpendicular motion)[12]. The physical properties 158 



of soil––such as texture, porosity, compaction, and moisture––constrain the transmission 159 

of sound, while enhancing or attenuating vibratory signals. 160 

 161 

Fauna living in and on soil generate substrate-borne vibrations through locomotion, 162 

feeding, and communication[23]. The study of how organisms produce, transmit and 163 

receive vibrations through a substrate falls under the discipline of ‘biotremology’. This is 164 

a sibling discipline to bioacoustics, with vibrational communication thought to have 165 

evolved long before acoustic[16,24]. Importantly, since most below-ground dwelling 166 

organisms lack pressure-sensing receivers and organs, substrate-borne communication 167 

and sensing is their primary mode of communication[24]. That means that in soils, the 168 

term ‘bioacoustics’, which has traditionally focused on the sounds of individual species 169 

(e.g., air-borne or water-borne, detectable by pressure-sensing organs)––is arguably less 170 

applicable to the animals themselves. However, soil studies predominantly sense below-171 

ground signals using pressure-sensing devices (acoustic), and thus, ‘acoustics’ remains 172 

dominant. 173 

 174 

Recent studies in acoustic ecology have used the term ‘ecoacoustics’, which refers to the 175 

“theoretical and applied discipline that studies sound along a broad range of spatial and 176 

temporal scales to tackle biodiversity and other ecological questions”[25]. Ecoacoustics 177 

focuses on sounds as signals to infer ecological information. Historically, ecoacousticians 178 

have primarily focused on terrestrial and aquatic systems, analysing air- and water-borne 179 

sounds from birds, mammals, invertebrates, fish, and amphibians, as well as abiotic and 180 

anthropogenic sounds[26,27]. A more recent term, ‘ecotremology’, presents the 181 



biotremological equivalent of ‘ecoacoustics’, expanding this scope to investigate how 182 

substrate-borne vibrations can inform our understanding of ecological processes, such 183 

as trophic interactions or habitat use[28].  184 

 185 

The term sonopedon has been proposed to capture the acoustic properties of a soil 186 

profile[29], paralleling the concept of a pedon in soil science, and sonotone has been 187 

used to describe temporally bounded acoustic conditions[22]. While some of these terms 188 

are experimental or niche, clarifying their usage helps avoid confusion, and we adopt soil 189 

soundscape here as the most consistent and accessible framing.  190 

 191 

By the very nature of the soil substrate, the developing field of soil 192 

ecoacoustics encompasses sounds and substrate-borne signals and cues emitted by soil 193 

fauna (e.g., through locomotion, stridulation), as well as geophonic and anthropogenic 194 

sounds and vibrations propagating through or on the surface of soil[11]. This systems-195 

based approach seeks to interpret belowground ecological function and biodiversity 196 

through vibroacoustic signals. Recognising this overlap is important for soil ecoacoustics: 197 

it highlights that the signals we detect may represent either direct vibratory emissions or 198 

their conversion into sound, and that interpretation must account for the soil matrix as 199 

both a filter and an amplifier of belowground processes.  200 

 201 

Researchers working in soil systems should be aware of these overlapping terminologies. 202 

While we adopt the term ‘soil ecoacoustics’ in this paper, we acknowledge 203 

that ecoacoustics and ecotremology may increasingly converge in soils, as do 204 



bioacoustics and biotremology. Clearer etymological distinctions and shared frameworks 205 

will help to ensure that relevant studies are not overlooked and that researchers avoid 206 

inadvertently reinventing conceptual tools. 207 

 208 

Soil ecoacoustics processes and challenges 209 

Realising the potential of soil ecoacoustics necessitates (a) a broader understanding of 210 

the processes and tools involved, and (b) overcoming a series of challenges that influence 211 

the transmission and interpretation of biotic signals in the soil system. Here, we outline 212 

these processes and challenges, including the complex nature of sound and vibration 213 

sources, understanding how soil physical properties affect sound and vibration 214 

transmission, the variability of sound production from different sources, along with spatio-215 

temporal, hardware and analytical challenges.   216 

 217 

Source of the soil soundscape 218 

At the core of soil ecoacoustics are the biological and physical processes that generate 219 

sound and substrate-borne vibrations. Key biological sources include locomotion, 220 

feeding, communication, and mating by soil fauna, as well as plant root growth and plant 221 

water transport[11,24,30]. Abiotic sources include geophysical processes such as water 222 

movement and soil particle displacement[31]. Microbial activity is largely inaudible in 223 

isolation, but we speculate that it may contribute indirectly through effects on soil 224 

aggregation and invertebrate behaviour.  225 

 226 



These diverse sources produce mechanical energy, often modulated by anatomical 227 

structures of organisms and their interaction with soil particles. This energy propagates 228 

as acoustic waves through the soil matrix, where it is further shaped by soil physical 229 

properties such as texture, porosity, and moisture[32]. Vibrational sensors such as 230 

contact microphones, geophones, or accelerometers convert these waveforms into 231 

electrical signals for analysis. The complexity and overlap of these sources currently 232 

make it difficult to separate biological from abiotic contributions, as signals can be 233 

perceived as either sound or vibration depending on the sensor used. 234 

  235 

Soil physical properties 236 

Sound and vibration transmission in soil is governed by soil factors such as texture (i.e., 237 

sand/loam/clay fractions), porosity (i.e., the proportion of air spaces), temperature, 238 

compaction, moisture content, organic matter and rhizosphere structure[32]. These 239 

influence acoustic impedance and attenuation, determining how sound propagates and 240 

decays with distance. For example, increasing water potential (suction pressure) in dry 241 

soils, higher bulk densities and decreased porosity with compaction are associated with 242 

greater contact between soil particles and increased speed of wave transmission. 243 

Moreover, dry and saturated soils behave quite differently, as air-borne waves in the 244 

former are replaced by water-borne waves in the latter[32,33]. The heterogeneity of soil 245 

structure––including the presence of roots, stones and macropores[34]––likely creates 246 

anisotropic environments that influence the transmission direction and frequencies of 247 

mechanical waves.  248 

 249 



In terrestrial and aquatic systems, acoustic propagation has been investigated. Sound 250 

propagation distances vary widely depending on medium, frequency, and environmental 251 

context. In marine environments, the density of water often allows sound to travel long 252 

distances[35], while in terrestrial and freshwater systems, attenuation is heavily 253 

influenced by substrate, vegetation, water movement, and background noise––leading to 254 

variable propagation distances depending on local conditions[36]. Rules of thumb for 255 

detection ranges[37,38] are therefore of limited generality and should be used with 256 

caution.  257 

 258 

What is most relevant for soil ecoacoustics is that, unlike air or water, soils are highly 259 

heterogeneous at small scales: texture, porosity, compaction, and moisture content each 260 

influence the attenuation or amplification of signals[32,33]. Moreover, soil acoustic 261 

environments are dynamic, shifting with hydrological regimes and weather fluctuations. 262 

To advance soil ecoacoustics, robust empirical data are needed on how different signals 263 

propagate through soils, alongside the development of soil-specific models. Methods 264 

used in terrestrial and marine bioacoustics––such as controlled playback and attenuation 265 

experiments, paired-source–receiver designs, and mapping detection spaces––provide a 266 

valuable starting point for designing such studies in soils. 267 

 268 

Biological rhythms in soil 269 

Similar to other environments, a core challenge in soil ecoacoustics is the variability of 270 

biological sound production. The activity of many invertebrates follows diel, seasonal and 271 

weather-dependent cycles[17,39-41]. For instance, earthworms, isopods and termites 272 



exhibit sporadic and cyclical horizontal and vertical movement and feeding behaviours, 273 

often linked to soil temperature, humidity and precipitation[42,43]. Consequently, 274 

invertebrate sound recordings can be temporally variable. Long-term monitoring is 275 

beneficial because it can establish ecological baselines by capturing natural variability in 276 

soil acoustic activity over time. In contrast, relying only on short recordings risks conflating 277 

silences with either genuine dips in biotic activity or artefacts of unsuitable recording 278 

conditions.  279 

  280 

Spatial scale 281 

At the molecular scale, the acoustic properties of soils are shaped by the binding of water 282 

molecules to mineral surfaces and organic matter, influencing the dielectric and 283 

mechanical properties of soils[32]. At the micro- to meso-scale (~0.01 mm–25 cm), the 284 

bioturbation action of individual organisms alters soil structure and generates acoustic 285 

signals[30]. At the field or landscape scale (0.1–1,000 ha), vegetation type, land use, and 286 

climate likely modulate faunal composition and their acoustic behaviours[19,44]. 287 

Regionally and globally, soil ecoacoustics are likely to reflect broad ecological patterns 288 

such as biodiversity gradients and responses to climate-driven shifts in faunal 289 

communities (Figure 1), and they may also provide insights into restoration trajectories 290 

when linked to independent biodiversity and soil function metrics (e.g., increases in 291 

acoustic activity or diversity of signal types accompanying recovery in degraded sites). 292 

However, there are few studies characterising these spatial components.  293 
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Figure 1. Key biophysical factors in soils that influence sound and vibration propagation 328 

and different sources (incl. anthropophony/technophony, biophony and geophony) and 329 

soil characteristics (e.g., water, particles, air, organisms). Some of the factors that 330 

influence propagation include reflection (the bouncing of sound waves off boundaries 331 

such as soil layers or particles), refraction (the bending of sound waves as they pass 332 

through materials with different densities or moisture contents), and acoustic impedance 333 

(the resistance of a medium to sound transmission, determined by its density and 334 

elasticity). While metal probes/wave guides (as shown in this figure) can be used to detect 335 

vibrations, they are not always essential; sensors may also be directly buried at various 336 

soil depths, as is common in soil science for temperature and moisture sensing.  337 

 338 

Importantly, the spatial component of soil ecoacoustics is not limited to the soil surface or 339 

upper horizon––many soil invertebrates and sound-producing organisms burrow into 340 

deeper layers, and sensor placement should reflect this vertical heterogeneity. In practice, 341 

the sampling approach should respond to soil depth and structure to ensure meaningful 342 

data capture, as shallow or mismatched sensors may miss or distort key activity zones. 343 

  344 

Recording hardware  345 

Based on a systematic search, 51 studies have conducted soil acoustic and substrate-346 

borne vibration sampling in relation to biodiversity in the field and laboratory settings 347 

(Table S1; Figure 2). Various sensors have been used, from accelerometers to 348 

microphones and piezo-electric contact microphones to laser vibrometers[12,45,46]. At 349 

present, no single sensor type can be recommended universally, as performance 350 



depends on the target signals and soil conditions. For example, accelerometers and 351 

vibrometers are well-suited to detecting substrate-borne vibrations, piezo-electric contact 352 

microphones provide cost-effective access to soil-borne signals, and standard 353 

microphones can capture airborne components where soil–air coupling is relevant. Future 354 

comparative studies are needed to establish sensor performance across different soil 355 

types, depths, and ecological contexts.  356 

 357 

Until such evidence is available, researchers should align sensor choice with the 358 

ecological questions posed—e.g., selecting vibration-sensitive sensors for invertebrate 359 

locomotion versus broadband microphones for mixed soil–air interactions. In solids and 360 

substrates such as soils, mechanical (non-compressional) waves propagate in and within 361 

the surface of the media (e.g. water-air, solid-water) and are detected by 362 

mechanoreceptors[47-49]. Since the physical structure of soil largely prevents visual 363 

sensing by fauna and limits the mobility of many soil-dwelling organisms[50], substrate-364 

borne waves provide the most ecologically and biologically relevant information flows 365 

within the soil domain. Many sensors used in biotremology (e.g. accelerometers, 366 

geophones) primarily detect these vibrational waves, in addition to pressure waves. 367 

  368 

Different approaches will likely be required for different environments, soil types and 369 

research questions. Additionally, it is unknown how sensitive many of these sensors are 370 

for detecting meso-fauna of smaller sizes (<5 mm). Some sensors can detect low-371 

amplitude sounds, such as plant root growth, in controlled conditions[30]. However, in 372 

field studies, the possibility of detecting such low-power signals in the cacophony of the 373 



broader soundscape (including aboveground sounds and recorder self-noise) is yet to 374 

be determined. Hardware costs also pose a challenge to global research, particularly if 375 

seeking to monitor at scale. Currently, a single standard soil ecoacoustic hardware set-376 

up consisting of a microphone, pre-amp, impedance filter and recording unit generally 377 

costs between AUD$400 - $3,000, which may be expensive for practitioners and citizen 378 

scientists. 379 

 380 



 381 



Figure 2. Global soil ecoacoustics studies. (A) The distribution of soil ecoacoustics (and 382 

biotremology) studies across the world. Colour gradient indicates the number of studies, 383 

and symbols indicate study theme (see Table 1 for more details). (B) Photos include 384 

examples of locations/ecosystems of soil ecoacoustics studies conducted by the authors 385 

in the UK[12], Australia[19], Brazil[41], Switzerland[44], France (in preparation) and 386 

Sweden[15]. These illustrate the diversity of biomes in which soil ecoacoustics studies 387 

have been conducted. 388 

 Data analysis 389 

Soil ecoacoustics presents several unique data analysis challenges. The high 390 

dimensionality and complexity of acoustic data, sometimes comprising long-duration 391 

recordings across multiple frequency bands, necessitate advanced data processing 392 

techniques. This multifrequency complexity reflects the coexistence of diverse signal 393 

sources––including in-soil vibrations, surface activity and airborne sounds––that overlap 394 

and interact within the soil matrix, requiring careful interpretation[88]. Acoustic indices, 395 

such as the Acoustic Complexity Index (which quantifies short-term variability in sound 396 

intensity over time) or the Acoustic Diversity Index (which quantifies the distribution of 397 

acoustic energy across frequency bands), have been widely applied in aboveground 398 

soundscape studies. However, their transferability to belowground environments remains 399 

uncertain, as most indices were designed for broad-frequency airborne soundscapes and 400 

may not relate well to the frequency and temporal characteristics of biological signatures 401 

and soundscapes specific to soil systems[81] without adaptation.  402 

 403 



Another challenge is a low signal-to-noise ratio, which is a challenge in diverse 404 

ecological contexts (not just soils). However, in soils, sounds and substrate-borne 405 

vibrations produced by the biota tend to be quiet and are attenuated over short 406 

distances[17]. In addition, soil recordings often include abiotic sounds such as rain or 407 

human activity (e.g., vibrations from nearby infrastructure), which can mask or mimic 408 

biotic signals[81]. Developing robust noise reduction and/or feature extraction methods 409 

that preserve ecologically relevant sounds without introducing artefacts is an ongoing 410 

challenge. Importantly, not all ‘noise’ is irrelevant: anthropogenic sounds can directly 411 

affect soil ecology and may therefore represent meaningful ecological data. Rather than 412 

excluding such signals post hoc, the approach should be context-dependent––where the 413 

aim is to study human-modified environments, anthropogenic sounds form part of the 414 

ecological signal, whereas in other cases, minimising interference (e.g., by careful site 415 

selection or recording design) may be more appropriate. One solution could be robust 416 

classification algorithms that are currently gaining traction in both terrestrial and 417 

underwater research[91], although obtaining sufficient training data in such an 418 

understudied environment presents an obstacle.  419 

 420 

Temporal variability also adds a further layer of complexity. Soil biological activity is highly 421 

dynamic and influenced by diel cycles, weather conditions and seasonal changes[17]. 422 

Sonic phenology––the study of seasonal and diel patterns in acoustic activity––is a 423 

general ecological phenomenon across terrestrial and aquatic systems. Within soil 424 

ecoacoustics, strong temporal dynamics pose a particular challenge[41], and these 425 

patterns should be considered when interpreting soil soundscapes. This requires time-426 



series analysis that can accommodate non-stationary (time-varying) data and detect 427 

meaningful patterns over variable timescales[41,92].  428 

 429 

Interpreting analyses remains challenging as statistical models can yield predictions 430 

without easily interpretable ecological implications. Bridging the gap between acoustic 431 

patterns and ecological functions (e.g., decomposition rates, invertebrate diversity) 432 

requires interdisciplinary approaches (and multimodal devices that sense other soil 433 

parameters simultaneously) that integrate sound data with other forms of ecological, 434 

chemical and physical soil information. Moreover, unlike aboveground and aquatic 435 

ecoacoustics, where bird, mammal and insect sounds can often be classified using 436 

curated libraries, soil vibro- and soundscapes lack comprehensive reference datasets[93-437 

95].  438 

 439 

Identifying taxa and associating them with their acoustic signatures remains a significant 440 

challenge in ecoacoustics. This difficulty is compounded by a shortage of trained 441 

taxonomists and the limited availability of comprehensive acoustic reference libraries. 442 

Developing comprehensive reference databases of soil organismal sounds to enable 443 

taxonomic resolution in ecoacoustic studies would require considerable advancements 444 

in our understanding of soil community dynamics (e.g., knowing which signals are 445 

incidental or otherwise) and in the technology used to detect soil organisms. 446 

 447 

Towards standard operating procedures 448 



Collaborative research requires global data compatibility. Currently, a key challenge is 449 

the lack of standardised methods for sampling soil soundscapes[96]. A critical 450 

requirement will be to create globally accepted standard operating procedures (SOPs). 451 

This will open opportunities for researchers to compare data worldwide[97]. A preliminary 452 

SOP should be structural rather than overly prescriptive of specific hardware and 453 

pipelines. This will allow flexibility for various research questions and budgets. Several 454 

SOP levels could be valuable (Figure 3), i.e., a flexible and accessible SOP for citizen 455 

scientists, a robust yet adjustable and accessible SOP for researchers and practitioners, 456 

and a specifically prescribed SOP for participants of larger, better-resourced global 457 

projects. 458 

 459 

When designing sampling strategies, guidance on recording schedules, distance 460 

between recording units, waveguide depth, and soil properties should all be considered. 461 

Sampling can be done with a sensor directly coupled (or indirectly coupled via a 462 

waveguide) to the soil, an audio recording unit, a pre-amp to increase the sensitivity for 463 

detecting lower energy signals, and an impedance filter to reduce machine noise during 464 

the recordings. Sensors used include standard microphones, contact microphones, 465 

hydrophones (particularly effective in water-saturated soil), accelerometers, geophones 466 

and laser doppler vibrometers[74,79,88]. 467 

 468 

A key pre-processing step in some analyses is to isolate biophony from other components 469 

of the soundscape (geophony, anthropophony, and device self-noise)[98,99]. This 470 

approach is generally used in bioacoustic or species-specific signal studies, where the 471 



primary aim is to detect or classify biological activity. By contrast, in ecoacoustic research, 472 

often the full soundscape––including geophony and anthropophony––is considered 473 

ecologically relevant and typically retained to capture the complexity of real-world 474 

conditions. An SOP should provide guidance on the best software approach for noise 475 

reduction (and when this step is appropriate) to minimise background noise while 476 

maintaining the biotic signals. For the results to be globally comparable, the raw data 477 

should ideally be stored in an open-access database. The SOP should therefore include 478 

instructions and code to assist researchers in making their pre-processed and processed 479 

data publicly accessible. 480 



 481 

Figure 3. Example of a multi-level SOP framework. A hypothesis to be tested is that as 482 

project/equipment expense and complexity increase, so does the quality of the acquired 483 

data, while accessibility decreases. Data quality/result robustness could plateau at mid-484 

range levels where sufficient quality is achieved for many research purposes. Beyond 485 



this, gains may be marginal while accessibility continues to decrease, although such 486 

approaches are often necessary to tackle particularly complex research questions. 487 

  488 

Democratising soil ecoacoustics 489 

To ensure soil ecoacoustics continues to develop in an accessible manner, open-access 490 

databases and tools will be required. Options are abundant in ecology; for example, the 491 

Atlas of Living Australia[100] and Global Biodiversity Information Facility[101] hold open-492 

access biodiversity (and other environmental) databases as map layers for various 493 

environmental conditions. These can be accessed by practitioners, researchers, and 494 

citizen scientists. Democratising research is particularly effective in engaging citizen 495 

scientists, furthering databases, collaboration, and authorship[102]. Methods training 496 

could be delivered in workshops that help develop capacity on field methods and data 497 

access, and analysis. This democratisation has been done with bird and frog calls with 498 

software like BirdNET[103] and FrogID[104], which could provide useful models. 499 

 500 

Providing broader access to soil ecoacoustics has the potential to shift societal 501 

perceptions of soil health by making below-ground biodiversity more tangible and 502 

relatable (e.g., Sounding Soil initiative in Switzerland)[11,105]. Engaging citizens through 503 

participatory research can raise awareness of the ecological importance of soil and 504 

generate large volumes of geographically diverse data[106,107]. These data could be 505 

used both scientifically to progress soil ecoacoustics and in practical settings, for 506 

example, helping land managers, restoration practitioners and policymakers make soil 507 

health decisions. 508 



 509 

Coordinated efforts should open new funding avenues for shared, openly accessible data 510 

repositories. To advance soil ecoacoustics meaningfully, there are four essential 511 

priorities: (1) the further development and adoption of open-source standard operating 512 

procedures (SOPs; Figure 3) to ensure data comparability across sites and projects; (2) 513 

the creation of a global platform for community-based data sharing and co-governance. 514 

This would not only support collaboration and equitable decision-making but also 515 

accelerate the integration of soil ecoacoustics into restoration monitoring and soil health 516 

frameworks; (3) the establishment of a global soil ecoacoustics research network to 517 

maximise open science, methodological innovation and global cooperation (Box 1); and 518 

(4) standardisation of terminology to address soil environments and bring together 519 

biotremologists and bioacoustics in this area. 520 

 521 

Box 1. Realising the potential of soil ecoacoustics through a global network. 

 

Soils are among the most heterogeneous habitats on Earth, shaped by climate, 

geology, vegetation, land use and their diverse biotic communities [108,109]. Localised 

ecoacoustic studies, while valuable, cannot capture the global picture of belowground 

activity or identify general patterns across ecosystems. To realise the potential of soil 

ecoacoustics as a toolkit for biodiversity detection and soil health monitoring, a 

coordinated international effort is needed. We propose the Soil Ecoacoustics Research 

Network (SERN): a collaborative, decentralised initiative to standardise, expand, and 

democratise soil sound research.  



 

Core objectives of SERN:  

1. Develop and share open-source protocols for recording and analysing soil 

soundscapes.  

2. Establish globally distributed sites across ecosystems and land uses for long-

term monitoring.  

3. Facilitate analyses across environmental gradients to identify both universal and 

context-specific acoustic indicators of soil function.  

4. Create an open-access platform for storing, visualising, and analysing acoustic 

data and metadata.  

5. Support training for diverse stakeholders, including citizen scientists, early-

career researchers, land managers, underrepresented regions and Indigenous 

communities.  

6. Co-develop practical applications with restoration practitioners and 

policymakers.  

 

A global network would allow researchers to address fundamental and applied 

questions: How do soil soundscapes vary with land use, latitude or rainfall? Can 

acoustic signals act as early-warning indicators of degradation or restoration success? 

How do global change drivers, such as climate warming, intensification, or invasive 

species, reshape belowground acoustic activity, and are these shifts linked to 

biodiversity loss? Integration of soil acoustic data into biodiversity infrastructures such 



as GBIF [110] and GEO BON [111] would enhance the visibility and policy relevance 

of soil life.  

 

While current methods may not yet identify species reliably (although we have 

developed a promising technique for leaf litter communities), they offer strong potential 

as proxies for soil health and as complementary indicators in restoration and monitoring 

frameworks [11]. Challenges include the need for standardised yet flexible protocols 

across diverse environments, infrastructure for storing and analysing large datasets 

and equitable participation across regions [112,113]. Ethical considerations, such as 

data sovereignty [114] and community engagement, must be central, alongside 

sustained funding and collaboration with existing biodiversity networks [115,116].  

 

SERN could help place soil organisms – the ‘hidden majority’ of life – on the map and 

advance both ecological knowledge and non-invasive practical tools for managing and 

restoring the world’s soils. 

 522 

Concluding remarks 523 

Soil ecoacoustics represents an exciting frontier in ecology—one that has the potential to 524 

improve how we detect and monitor soil fauna, and understand, restore and manage soil 525 

health. By tuning into the vibrations of soil fauna and the wider sound- and vibroscape 526 

context, we can uncover new indicators of biodiversity and ecosystem functioning with 527 

minimally invasive and scalable monitoring tools. Yet, this field is still in its infancy. 528 

Realising its full potential will require collaborative, interdisciplinary efforts to address 529 



ecological, technological and methodological challenges, from disentangling biophony, 530 

geophony and anthropophony to developing accessible standard operating procedures 531 

and globally compatible datasets. We propose a federated and inclusive approach to 532 

research infrastructure: a global network of soil ecoacoustics experiments underpinned 533 

by structural SOPs and a commitment to open science. Such an initiative could 534 

democratise participation, accelerate innovation and build new bridges among 535 

communities, scientists and policymakers. As global ecosystems face mounting 536 

pressures, there is an urgent need to monitor and respond more effectively to soil health. 537 

Soil ecoacoustics could help fill that gap by amplifying the often-unheard dimensions of 538 

our ecosystems, contributing knowledge to the science and practice of restoration and 539 

sustainable land management (see Outstanding Questions).  540 
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