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Abstract

Soil fauna significantly contributes to carbon cycle but has been neglected in most soil ecosystem
models. Soil food webs have been empirically described as a micro-food web relying on microbial
production plus a macro-food web relying on detritivorous invertebrates. To understand the con-
sequences of such a structure on ecosystem functioning, we built two models harbouring either a
multichannel structure or a purely size-dependent trophic structure representative of classic food web
theory. We found that the multichannel structure successfully predicts the empirical relationship be-
tween body sizes and trophic levels in soils, and the biomass distribution among the main invertebrate
trophic groups. Both models predict a major contribution of microbivores (e.g. protists) to the total
ecosystem respiration contrary to previous estimations, which underlines the potentially high impact
of microfauna on the carbon cycle. Our model represents a milestone to link the trophic dynamics of
soil fauna to ecosystem functioning and biogeochemical cycles.

Introduction

Soils ensure services of first importance to face the global change challenges. The storage of carbon
promoted by the 4 per 1000 initiative (Minasny et al., 2017) or the fertility of croplands depend on the
tight interactions between biological activity and biogeochemical cycles (Crowther et al., 2019). Soil
fauna processes a biomass equivalent of up to 90% of primary production (Cebrian, 1999) and plays a key
role in biogeochemical cycles. In particular, detritivorous invertebrates consume up to 100% of the annual
litter fall (Hedénec et al., 2022) and strongly enhance the decomposition of plant litter by shredding the
fresh organic matter into pieces (Wall et al., 2008), which increases its degradability by microbes (Joly
et al., 2020; Coq et al., 2022). Nevertheless, the majority of models assessing the functioning of soil
ecosystems only consider micro-organisms (Wieder et al., 2013; Perveen et al., 2014), because of their
overwhelming biomass compared to soil fauna. The repeated calls to include soil fauna in ecosystem and
biogeochemical cycle models have largely remained ignored (Grandy et al., 2016; Deckmyn et al., 2020).

Coarse descriptions of soil food webs have been proposed since more than four decades (Coupland,
1979). Among several patterns, the knowledge of biomass distribution among trophic levels can be
mobilised into empirical flux models that predict snapshot carbon flows through soil food webs, assuming
that the ecosystem is at equilibrium (Gauzens et al., 2019; Jochum et al., 2021). This approach helps
identifying the functions of soil communities (Potapov, 2022), and their alteration due to land use for
instance (Barnes et al., 2014; Potapov et al., 2019). These studies confirmed the key role of soil fauna in
ecosystem functioning (de Vries et al., 2013). Since empirical flux models take biomass distribution among
trophic groups as inputs, they cannot predict how environmental changes may modify such distributions
and ultimately alter soil functioning. To meet this challenge, designing dynamical models of soil food
webs is necessary. The few existing models heading into this direction make use of very simplified
food web structure (e.g. Huang et al., 2010; Buchkowski et al., 2019; Flores et al., 2021; Buchkowski
and Schmitz, 2022) that do not benefit from recent advances in the understanding of soil food web
organization (Potapov et al., 2021).



Classical models of food web structure typically assume that trophic levels are correlated with body
size (Brose et al., 2006b; Petchey et al., 2008; Quévreux et al., 2021). This assumption suits well
to pelagic food webs (Boit et al., 2012; Portalier et al., 2019), but less so to terrestrial food webs in
which other traits than body size influence trophic interactions (Valdovinos et al., 2023). Soil food
webs in particular are built around multiple energy channels that are based on distinct basal resources,
each one being consumed by organisms of various sizes (Wolkovich, 2016). These energy channels are
interconnected thanks to many soil organisms that have generalist diets and feed on multiple channels.
These soil food web characteristics together blur the correlation between trophic levels and body size
(Potapov, 2022). Interestingly, Potapov et al. (2021) proposed a general framework to describe soil food
web structure by identifying two sub-food webs: the micro-food web, which is size-structured and relies on
microbial production and the macro-food web, which is not size-structured and relies on macro-detritivore
production (Fig. 1A). These two sub-food webs are connected by generalist predatory invertebrates such
as spiders.

Here, we aim at assessing the ecosystem functioning consequences of this reticulated multichannel
structure of soil food webs. To this end, we devised two versions of a dynamic bioenergetic model of
soil food web dynamics harbouring either a multichannel structure or a purely size-dependent trophic
structure. We parametrised these models with literature data and compared the outputs of the two model
versions (e.g. biomass distribution, soil respiration and detritus decomposition) to independent worldwide
soil ecosystem data. The model-data comparison enabled us to assess the strengths and weaknesses of
our models to predict empirical observations, while the comparison of our two model versions enabled
us to pinpoint the specific contribution of the multichannel structure of soil food webs to soil ecosystem
functioning.

Methods

General description of the model

We developed the Soil MultiChannel Food web (SoMuChFood) model, a bioenergetic food web model
based on carbon flows and including six trophic groups and four pools of dead organic matter (Fig. 1A).
Here, we provide a brief presentation of the model but a thorough description detailing equations and
parameter calculation is available in Appendix S3.

The soil food web is made of six trophic groups: microbes, microbivores and micro-carnivores con-
stituting the micro-food web, and macro-detritivores, macro-carnivores and trophic whales constituting
the macro-food web (Fig. 1A). We refer to this first model version including six trophic groups as the
multichannel model. We additionally considered a second model version in which macro-detritivores and
trophic whales with low trophic levels are neglected, thereby leading to a purely size-structured model in
which trophic levels correlate with body size (Fig. 1B).

Each trophic group is separated into trophic species i with different body masses M; spanning over
the empirical ranges defined by Potapov et al. (2021) and log uniformly distributed Fig. S3-1 and S2-3
in the supporting information). M; underpins the calculation of biological rates according to allometric
relationships drawn from the literature (McCoy and Gillooly, 2008; Johnston and Sibly, 2018; Li et al.,
2018, compiled in Tables S2-2 to S2-4 in the supporting information).

We used 10, 4, 9, 12, 15, 9 size classes for microbes, microbivores, micro-carnivores, macro-detritivores,
macro-carnivores and trophic whales respectively (to get approximately three size-classes per order of
magnitude of body mass range). Modelled consumer dynamics is driven by resource consumption,
metabolic losses, predation and non-predation mortality (equation (1la)). Modelled resource dynam-
ics is driven by resource input in the system (for FOM and DOC), resource leaching from the system,
resource consumption, resource mortality and resource recycling by consumers for the faeces compartment
(equation (1b)).

Predator feeding preferences are size-based, with predators preferring prey 100 times smaller on average
(Fig. S2-5 in the supporting information, Brose et al., 2006a), while microbivores and detritivores are
not size-restricted. The relative efficiency of microbes and detritivores to consume the various detritus
pools depend on their fragmentation. We therefore explicitly represent detritus size and consider that
microbes only have access to detritus outer layer (Fig. S2-4 in the supporting information). Consequently,
the fragmentation of the FOM induced by its consumption by detritivores favours microbial processing
of organic matter by increasing its surface to volume ratio. DOC and SOM can only be consumed by
microbes and they are assumed to be fully available for microbes.
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Figure 1: General description of the Soil MultiChannel Food web (SoMuChFood) model. The multichan-
nel version of the model (A) contains six trophic groups. Following Potapov et al. (2021), we distinguish
microbes, microbivores and micro-carnivores constituting the size structured micro-food web, and macro-
detritivores, macro-carnivores and trophic whales constituting the macro-food web. The term "trophic
whales" depicts large detritivores that are protected against invertebrate predation. In the size-structured
version of the model, macro-detritivores and trophic whales are absent (B). Four detritus pools form the
abiotic compartment of the ecosystem model in which plant and nutrients such as nitrogen are not ex-
plicitly modelled. Dissolved organic carbon (DOC) and fresh organic matter (FOM) represents root
exudates and plant litter respectively, and are supplied to the ecosystem by constant external inputs (1).
DOC and FOM are lost by leaching while soil organic matter (SOM), which is made of microbial dead
materials, is lost by burial in deep soil. Faeces are produced by animals due to inefficient feeding (dashed
arrows). Microbes are able to decompose the four detritus types @ but they are more efficient on DOC
and faeces, these latter being easily processed by microbes due to the fragmentation of FOM induced by
its consumption by detritivores. Predators feed on prey that are smaller in average (3) and generalist
macro-carnivores consume both the micro- and the macro-food webs. SOM is made of dead microbes and
microbivore faeces, while corpses and faeces other trophic groups contribute to the faeces compartment

®@.

Dynamical equations

The general equations of the dynamics of organism’s biomass (equation (1a)) and detritus pools (equa-
tion (1b)) follow Harfoot et al. (2014) in which the variations of biomass due to each demographic process
over a time step At are modelled by an exponential function (equation (S2-2) in the supporting informa-
tion).

prey pred
E €;;AB;;(t) E ABj;(t) — AR;(t) — Aps(t) (1a)
~—— S~——
resource consumption predation metabolism  mortality
species prey decomposers species
AB; () Al — AL + E E 1_5kj AB;CJ E AB;“ )+ E A[Lj(t) (1b)
k J J
input  leaching nonassimilated biomass decomposition mortality

Organisms gain biomass through resource consumption, which is modelled by a Michaelis-Menten
functional response for microbes (equation (S2-11)) and a Beddington-DeAngelis functional response for
animals (equation (S2-14)). Biomass is lost due to predation, metabolism (respiration) and intrinsic
mortality (senescence) defined by allometric relationships, while decomposition parameters are drawn
from microbe-based ecosystem models (Wieder et al., 2014). In addition, a fraction of microbial biomass



is able to become dormant if resource uptake is not high enough compared to energy expenditures
(Appendix S2-5). Conversely, dormant microbial biomass can be reactivated if resource supply increases.
Detritus gain biomass through external inputs (litter fall for the FOM and rhizodeposition for the DOC),
inefficient assimilation (1 — ¢;;) and mortality. Unassimilated microbial biomass and dead microbes are
converted into SOM, unassimilated animal and FOM biomass is converted into faeces and dead animals
are converted into FOM (see Fig. S2-1 in the supporting information). FOM, SOM and DOC are also
lost by the ecosystem through leaching and burial.

Trophic species are characterised by their trophic level T'L;, which is calculated as the mean of the
trophic level of resources weighted by their contribution to consumer’s diet, plus one. The trophic level
of detritus is set to zero.

prey
Z EijABij (t)TLj

TLi =1+ (2)
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J

Simulations and parameters

Simulation were run over 4000 days with a time step At = 0.01, which enables the system to reach
equilibrium with constant biomass distribution among trophic groups(Fig. S1-11 in the supporting infor-
mation). We averaged the outputs of the model over the last 100 days of the simulations and considered
species as extinct if their biomass falls bellow 1 x 1071 mgCm™2. The values of the model parameters
are reported in Table S2-4 in the supporting information. We performed an extensive sensitivity analysis
in Appendix S1-2 to assess the values of some more uncertain parameters.

Empirical data

We compared the outputs of the model with the empirical data compiled by Xu et al. (2013), Johnston
and Sibly (2018), and Hedénec et al. (2022) that are available online or on demand. These data sets are
representative of the main soil taxa (e.g. nematodes and mites) over the main land biomes of Earth (e.g.
tropical forest and tundra). We averaged their data over the main biomes and redefined the soil fauna
groups to match those defined by Potapov et al. (2021). The estimation of FOM and DOC inputs are
based on litter fall (Hedénec et al., 2022) and net primary production (Melillo et al., 1993) data, which
is detailed in Appendix S3-9.

Results

Food web structure

As awaited, the two versions of the model predict contrasted relationships between body mass and
realised trophic levels, multichannel predictions being better aligned with empirical observations. Indeed,
the size-structured model displays a continuous increase in trophic level with body size (Fig. 2A). In
contrast, the multichannel model predicts an increase in average trophic level with body size in the
micro-food web and a subsequent decrease with increasing body size in the macro-food web (Fig. 2A).
The same pattern was empirically observed by Potapov et al. (2021). The hump-shaped relationship
between average trophic level and body size has two main drivers. First, the decrease of average trophic
level for largest body sizes coincides with the transition between the micro- and the macro-food webs,
which is marked by the appearance of detritivorous macro-invertebrates with a low trophic level (purple
points in Fig. 2A). Second, there is also a decrease with body mass of average trophic level among
the macro-carnivore group, with a lower trophic level of the large macro-carnivores (dark red points)
compared to the small ones (light red points). This decrease is due to a diet shift of the macro-carnivores
with increasing body size, from feeding mainly on micro-carnivores for smaller species to feeding mainly
on macro-detritivores for larger ones (Fig. 2B).

Prediction of biomass distribution

The two model versions predict similar absolute biomasses of the four trophic groups that are present in
both model versions (Fig. 3A). The multichannel version additionally predicts a large biomass of macro-
detritivores and trophic whales (Fig. 3A). Microbes represent the largest part of the biomass totalling
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Figure 2: Emerging trophic levels and diets in the two models. A) Distribution of trophic levels depending
on species fresh body mass for the two food web structures. Dots represent the trophic species (i.e. size
classes) of each trophic group. The trophic levels T'L; of species i is calculated as the weighted mean of
the trophic levels of resources plus one (equation (2)). Solid lines represent the average trophic level, the
grey area the standard error and the dashed line the mean trophic level measured in boreal forests by
Potapov et al. (2021). The trophic level of resources is set to 0 and decomposers to 1. B) Proportion of
each trophic group in the diet of predators in the multichannel model.

91% of the biomass in the size-structured model, and 56.3% in the multichannel model (Fig. 3C). The rest
of the food web harbours an inverted pyramid biomass distribution, with macro-carnivores accumulating
most of the biomass, followed by micro-carnivores and microbivores (Fig. 3A). Quantitatively, these four
trophic groups have similar biomass in the two model versions, the macro-carnivores having a slightly
larger biomass in the multichannel version, due to their feeding on the additional macro-detritivore
group. Interestingly, the size-structured predictions of overall biomass distributions are more aligned
with empirical data with microbes representing more than 90% of the total biomass (Fig. 3C) despite
being wrong by construction when zooming in the macro-food web due to the absence of detritivorous
macro-invertebrates (Fig. 3B). This result is due to the low biomass of the macro-food web compared to
the microbial pool in empirical observations (Fig. 3C), contrary to the predictions of the multichannel
model in which macro-detritivores and trophic whales are the most abundant animals totalling 34.6% of
the soil biomass. Finally, although the multichannel model tends to overestimate the relative contribution
of macro-detritivores and trophic whales to the total biomass, it predicts well their predominance in soil
fauna biomass (i.e. microbes excluded), in agreement with the empirical findings of worldwide syntheses
on this topic (Hedénec et al., 2022, Fig. 3B).

The predictions of the multichannel model are sensitive to carbon inputs in the system. Very low
dissolved organic carbon (DOC) inputs can lead to the collapse of the micro-food web, while very low
fresh organic matter (FOM) input can lead to the collapse of the macro-food web (Fig. S1-8 in the
supporting information). In contrast, the predictions of the size-structured model are little sensitive
to these DOC and FOM input values: the macro-food web always represents a few percent of the total
biomass in this model version (Fig. S1-9 in the supporting information). Indeed, the long food chain length
in the size-structured model produces an inefficient energy transfer from microbes to macro-carnivores
(Fig. 2A). Using input values for dissolved organic carbon and fresh organic matter representative of the
major terrestrial biomes, we were able to predict the biomass distribution among trophic groups across
biomes. The multichannel model predicts an increasing microbial biomass proportion to the detriment of
trophic whales when going from warm to cold biomes, as empirically observed (Fig. 4). It also predicts
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supporting information) and the exact percentage values are in Tables S1-1 and S1-2 in the supporting
information.
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and Sibly (2018) for the major terrestrial biomes. The values of FOM and DOC inputs representative of
the considered biomes and used to parametrise the two are summarised in Tables S3-11 and S3-12.

that these inter-biome variations in biomass distributions among trophic groups are of a relatively low
magnitude and that a general soil biomass distribution emerges, which is similar to the one reported in
Fig. 3B.
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Figure 5: Stocks and fluxes of the various soil carbon pools in the multichannel and size-structured
models. A) Detritus stocks. B) Decomposition rate performed by each decomposer trophic group . C)
Production rate of each type of detritus by organisms. D) Relative distribution of respiration in the
multi-channel model. E) respiration among the sub-food webs estimated by Johnston and Sibly (2018).
Data across biomes have been pooled (see Fig. S1-10A and B in the supporting information) and the
exact percentage values are in Tables S1-1 and S1-2 in the supporting information.

Ecosystem functioning

The two models make relatively similar predictions in terms of ecosystem functioning, especially in
terms of ecosystem respiration. In both models, soil organic matter (SOM) is the most abundant carbon
pool while dissolved organic carbon (DOC) and faeces are heavily depleted (Fig. 5A). In the multichannel
model, macro-detritivores and trophic whales consume the majority of the incoming fresh organic matter
(FOM, Fig. 5B) but their low assimilation efficiency leads to a strong production of facces (Fig. 5C).
Subsequently, faeces are actively consumed by microbes due to their smaller fragment size and associated
larger surface to volume ratio compared to FOM (Fig. 5B). SOM decomposition is very low compared to
the one of other detritus pools. This is due to SOM recalcitrance, which enables it to accumulate and to
represent the majority of the organic carbon in soils as observed empirically (Table 1a). The two models
predict different stocks of detritus: the presence of detritivores in the multichannel model halves the stock
of FOM and increases the stock of faeces compared to the size-structured model (Fig. 5A and Table 1b).
Microbes are more abundant in the size-structured model because of their consumption of FOM in the
place of detritivores (Fig. 5B), which leads to an increase in the stock of SOM (Fig. 5A and Table 1b).
Multichannel predictions of the relative pool sizes of FOM and SOM are better aligned with empirical
observations (Table 1a) and the attribution of most of the FOM consumption to macro-detritivores is
consistent with the findings of numerous macrofauna exclusion experiments that led to a decrease of 14%
in FOM decomposition in wet climates (Wall et al., 2008). Both models predict similar (very low) DOC
stocks because of their active consumption by microbes. The much lower SOM production compared to
faeces/FOM inputs (Fig. 5C) indicates that most of the carbon processed by microbes is lost through
metabolism and not stored in the soil, which is confirmed by the strong contribution of microbes to the
total respiration in both models (34.7% and 40.2% respectively, Fig. 5D). Finally, both models predict a
high contribution of microbivores to the total respiration (37.8% and 43.7% respectively), which strikingly
contrasts with model-based estimations that attribute soil respiration nearly entirely to microbes (99.6%,
Johnston and Sibly, 2018, Fig. 5E).



Table 1: Comparison of carbon distribution among detrital and microbial pools in the two models and
empirical data. Empirical data on FOM are taken from Hedénec et al. (2022) and data on SOM and
microbial biomass from Xu et al. (2013).

| Cuic/Cmictsom  Crom/Crom+som

Multichannel 3.9% 2.4%
Size-structured 3.5% 4.1%
Empirical data 1.2% 2.1%

(a) Ratios between the different pools of carbon C. Cmic
is the stock of microbial carbon.

M}croblal Faeces FOM SOM DOC
biomass
0.92 29.1 0.49 0.83 1

(b) Ratio of the stock values in the multichannel model
to the size-structured model.

Discussion

Mechanistic modelling of soil food webs: do the numbers add up?

We developed mechanistic models of soil food webs based on bioenergetic principles and allometric
relationships. We calibrated these models with literature data and compared the emerging simulation
outputs to independent empirical worldwide data on soil food webs and ecosystem functioning. Modelled
food webs with a multichannel structure had realistic trophic properties with a peak of trophic levels for
organisms with intermediate body masses (Fig. 2A, Potapov et al., 2021). The multichannel model also
compared well with empirical data of biomass distribution among trophic groups with microbial biomass
accumulating the major part of the soil biomass (Fig. 3A and C, Johnston and Sibly, 2018), detritivore
species accumulating most of the biomass in the macro-food web (Fig. 3A and B, Hedénec et al., 2022),
and large invertebrates being more abundant than the small ones due to their lower biomass turnover
(Ehnes et al., 2014; Ulrich et al., 2015; Potapov et al., 2021). In particular, the multichannel model
reproduces well the increasing proportion of microbes in cold biomes characterised by low FOM and
DOC inputs (Fig. S1-8 and 4). However, the biomass contribution of the macro-food web to soil biomass
predicted by the multichannel model was found to be larger than empirically observed (Fig. 2D). This
discrepancy might have several explanations. First, although we were able to collate literature data to
parametrise our models, this calibration should be seen as provisional. Indeed, data were scarce for a
number of processes that would require additional studies, notably the decomposition of the detritus pools
by microbes (see Appendices S1-2 and S3-7). Second, we modelled a single bacteria-like type of microbes
with a high biomass turnover, while fungi are known for having a lower biomass turnover and sequester
a large amount of carbon (Bailey et al., 2002; Wang et al., 2019). Distinguishing these two groups in our
models may thus increase predicted microbial biomass. Third, we modelled the soil invertebrate food web
as an isolated system with external carbon inputs (DOC and FOM). By doing so, we neglected additional
regulations by vertebrate consumers of soil invertebrates, like birds or burrowing mammals that especially
consume soil macro-invertebrates and may therefore decrease their abundances (Scheu, 2001). Finally,
we modelled the soil food web as a well-mixed system in which resources are always accessible to their
consumers, while soils present a heterogeneous structure with a large variability in pore sizes (Flores et
al., 2021). Small pores are likely to constitute refuges for small organisms by being inaccessible to their
larger consumers (Deckmyn et al., 2020; Erktan et al., 2020), which may decrease microbial consumption
to some extent and thereby increase their relative abundance. Future model improvements along these
directions correspond to current research frontiers on the use of functional traits in food web modelling
(Brose, 2020, May), on the coupling of above and below-ground food webs (Valdovinos et al., 2023) and
on the influence of soil physical structure on trophic interactions (Erktan et al., 2020).

Implications of the multichannel structure for soil ecosystem functioning

Our study further demonstrated that our general soil models predicted realistic carbon stocks and
fluxes in and out of the different pools (Fig. 5). The accumulation of microbial biomass is allowed by
the dormancy of microbes that offsets the high turnover of their biomass (Fig. S1-6 in the supporting
information). The model predicts that only 3.2% (resp. 3.3%) of microbes are active in the multichannel



(resp. size-structured) model, which is consistent with the lower bound reported in the literature (Wang et
al., 2014). Interestingly, our results suggest that the multichannel structure of soil food webs, as currently
implemented in the SoMuChFood model, has moderate influence on some major features of soil ecosystem
functioning such as soil ecosystem respiration and SOM production, since the size-structured version
makes similar predictions regarding these features (Fig. 5C and D). The major discrepancy between the
two model versions concerns the consumption of fresh organic matter (FOM) that is either operated
by macro-detritivores in the multichannel model or directly by microbes in the size-structured model
(Fig. 5B). This FOM consumption by macro-detritivores in the multichannel model enables to understand
empirical decreases of 14% in litter decomposition in wet climates when excluding macro-organisms
reported by the meta-analysis of Wall et al. (2008). Hence, neglecting the multichannel structure of soil
food webs may not be problematic for overall predictions of soil ecosystem functioning in undisturbed
settings, while adding this refinement may be pivotal to understand the consequences of anthropogenic
disturbances on soil ecosystem functioning.

An overlooked role of microbivores in soil functioning?

Our results in both model versions suggest that microbivores (e.g. protists) strongly contribute to
soil respiration, totalling up to 37.8% of this respiration (Fig. 5D). This sharply contrasts with empirical
estimates. For instance, Johnston and Sibly (2018) estimated that microbes contribute more than 99%
of soil respiration based on empirical data (Fig. 5E), but these previous estimations were not solely based
on direct respiration measurements and were actually also model-based. Indeed, empirical respiration
estimates have been conducted at the level of taxonomic groups (e.g. microbes, nematodes and termites)
based on the biomass of each group and on estimates of mean respiration per individual for each group.
We suggest that such previous estimates may present some methodological bias and need a reevalua-
tion. First individual respiration rates have been estimated for the average body size of each group (see
Appendix S3-4 for the detailed method), while body sizes of micro-fauna, notably protists, extend over
several orders of magnitude (S3-2B in the supporting information). This estimation procedure based on
average body sizes may thus underestimate the contribution of micro-fauna to soil respiration since small
bodied organisms have a high mass specific metabolic rate. Second, microbial respiration may have been
overestimated in this previous study since this model-based approach did not take into account microbial
dormancy (Wang et al., 2014). Taken together, these points suggest a more balanced distribution of
the total soil respiration between microbes and their predators, which is consistent with the idea that
microbivores strongly take part in the turnover of microbial biomass and increase the release of the nu-
trients immobilised by microbes (de Ruiter et al., 1994; Geisen, 2016; Trap et al., 2016). This suggested
balanced distribution of soil respiration between microbes and microbivores may have important conse-
quences when predicting the effects of global changes on soil respiration, and possibly other ecosystem
functioning features. For instance, human-induced soil disturbances such as tillage or pesticides decrease
the abundance of nematodes (Puissant et al., 2021) and agricultural practices shape protist communities,
which drive the top-down control of microbes (Xue et al., 2023) and alter the decomposition of the litter
(Geisen et al., 2021). Because they enhance the biomass turnover of microbes and the decomposition of
organic matter, microbivores ultimately alter soil respiration patterns in ways difficult to predict without
a food web perspective as the one proposed here.

Conclusion

This study demonstrates that a mechanistic understanding of soil food web dynamics is at reach.
Although some quantitative mismatch between our model predictions and empirical data do exist, these
mismatches pinpoint promising directions for model and experiment improvements. Within ongoing
developments of soil ecosystem models, our study focused on assessing the ecosystem functioning con-
sequences of the soil food web multichannel structure. Surprisingly, we found moderate influence of
this structure on the main ecosystem functioning features assessed, notably ecosystem respiration and
soil organic matter production. Still, the decomposition pathway arising from this multichannel struc-
ture is likely to strongly influence soil functioning in disturbed conditions affecting macro-detritivores.
Finally, our study suggests that the role of microbivores in soil respiration might have been severely
underestimated, with potentially important implications for soil respiration under global changes.
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Figure S1-1: Graphical representation of the food web structure according to trophic levels and body
size. Trophic level 0 represents the detritus pools. A) Multichannel model. B) Size structured model.
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Figure S1-2: Distribution of the biomass among species (i.e. size classes, see Fig. S2-3) in the three food
web models (see Fig. S3-1). A) Multichannel model (main model). B) Full size spectrum containing
micro-detritivores. C) Size-structured model without macro-detritivores and trophic whales (null model).
D) Abundance of organisms depending on their body mass measured by Potapov et al. (2021).
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Table S1-1: Distribution of the biomass in the two food web models.

Multichannel Size-structured Multichannel Size-structured
Trophic group biomass biomass respiration respiration
Fig. 3B Fig. 3B Fig. 3C Fig. 3C
Microbes 56.3% 91% 34.7% 40.2%
Microbivores 1.1% 1.9% 37.8% 43.7%
Micro-carnivores 1.6% 2.6% 9.3% 10.6%
Macro-detritivores 9.2% - 7.9% -
Macro-carnivores 6.4% 4.5% 5.9% 5.5%
Trophic whales 25.4% - 4.4% -
Multichannel  Size-structured
Trophic group active biomass active biomass
Fig. S1-6B Fig. S1-6B
Microbes 3.9% 24.9%
Microbivores 2.5% 15.7%
Micro-carnivores 3.6% 21.9%
Macro-detritivores 20.2% -
Macro-carnivores 14.1% 37.5%
Trophic whales 55.7% -

Table S1-2: Distribution of the biomass and of the respiration according to Johnston and Sibly (2018).

O8]

Trophic level
[\
\
\

[S—

Biomass Respiration
Fig. 3B Fig. 3B

Microbes 94.6% 99.6%
Micro-food web 0.3% 0.1%
Macro-food web 5.1% 0.3%

1 000000000000000000000Q0
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Figure S1-3: Distribution of trophic levels in the full detritivore body mass spectrum model (see Fig. S3-
1). Solid lines represent the average trophic level, the grey area the standard error and the dashed line
the mean trophic level measured in boreal forests by Potapov et al. (2021). The trophic level of resources
is set to 0 and decomposers to 1.

The key feature of the multichannel model compared to the size-structured model is the presence of
large bodied detritivores that break the linear relation between body size and trophic levels (Fig. 2A).
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Interestingly, the absence of small sized invertebrate decomposers is predicted by our model: in additional
simulations in which we considered "micro-detritivores" (Fig. S3-1 in the supporting information), they
got extinct because of the apparent competition with microbes mediated by micro-carnivores (Fig. S1-2
and S1-3 in the supporting information). This absence can also be explained by the requirement of
particular traits that enable detritivores to shred into pieces and to consume the FOM (Pollierer et al.,
2007; Potapov et al., 2022), traits only present for large bodied invertebrates.
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Figure S1-4: Fraction of the energy consumed by each predator in the multichannel model driven from
the detritivore channel depending on the A) FOM input (DOC input equal to 150 mgCm~2d~1) or B)
DOC input (FOM input equal to 300mgCm~=2d~!). The other fraction represents the energy driven
from the microbial channel. The fraction of energy from the detritivore channel X; obtained by species
i is calculated as the mean of the fraction of energy X, of resources weighted by their contribution to

consumer’s diet €;; AB;;. X; is set to 1 for detritivores and 0 for microbes.
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Figure S1-5: Diet of invertebrate detritivores in the multichannel model. They quasi exclusively feed on
FOM. They do not eat on microbes while feeding on detritus because most of the microbes live on the
SOM which has a a much higher surface to volume ratio.
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Figure S1-6: Importance of microbial activity in the multichannel model. A) Distribution of biomass
among species. The dashed rectangle represents the fraction of active microbes. B) Relative contribution
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Figure S1-7: Contribution of macro-detritivores to detritus decomposition relative to the total contribu-
tion of all decomposers. Decomposition is calculated for different inputs of FOM and SOM and the red
diamonds correspond to the estimated inputs of various ecosystems. A) FOM. B) Faeces.
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Figure S1-8: Fraction of macro-food web biomass relative to the total biomass for different inputs of
FOM and DOC in the multichannel model. The four subplots represent the detailed distribution of the
biomass for particular inputs mapped by blue points. The blue diamond depicts the inputs considered
in Fig. 3 (reported in Table S2-3 in the supporting information) and the red diamonds correspond to
the estimated inputs for various biomes whose corresponding FOM and DOC inputs are summarised in
Tables S3-11 and S3-12.
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Figure S1-9: Fraction of macro-food web biomass relative to the total biomass for different inputs of
FOM and DOC in the size-structured model. The four subplots represent the detailed distribution of the
biomass for particular inputs mapped by blue points. The blue diamond depicts the inputs considered
in Fig. 3 (reported in Table S2-3 in the supporting information) and the red diamonds correspond to
the estimated inputs for various biomes whose corresponding FOM and DOC inputs are summarised in
Tables S3-11 and S3-12.
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Figure S1-10: Biomass distribution across biomes. A) Average biomass distribution among the three
sub-food webs (data from Johnston and Sibly, 2018). A) Average relative biomass distribution among
the three sub-food webs. B) Biomass distribution among the main trophic types in the micro- and
macro-food webs (data from Hedénec et al., 2022). In Fig. 3 in the main text, herbivores have been
removed and omnivores have been merged with carnivores.
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Figure S1-11: Time series of the multichannel and size structured models showing that the system has
reached equilibrium.
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S1-2 Sensitivity analysis
S1-2-1 Organic matter decomposition half-saturation

The half-saturation K¢; of the decomposition of the detritus pool j by microbes has been assessed
according to Grover (2003) and German et al. (2012) (see Appendix S3-7 for more details). However,
the values are only estimations and require some adjustment to run the model properly (Wieder et al.,
2014). We have crossed three values of the tuning coefficient ax of the DOC, SOM and FOM-faeces
(which share the same uptake function, see equation (S2-12)), found that they do not significantly affect
the distribution of species biomass or detritus pools and kept the values ax poc = 0.01, axroa = 0.001

and agson = 0.001

JOM half-saturation factor agsom = 1e-04  SOM half-saturation factor agsom = 0.001 ~ SOM half-saturation factor a xsom = 0.01

FOM half-saturation factor a xrom FOM half-saturation factor axrom

FOM half-saturation factor axrom
le-04 0.001 0.01 le-04 0.001 0.01

le-04 0.001 0.01

1000
1000
1000

10

1o
10

o

S
2
2>

S
2

02

=)
R
S
2
S
%
(=}
%
)
D
2
%

ULk
Uk
(A
Uk
L
A
Uk
ULk
Ll

10 10° 10 10° 10 10° 10 0’ 10
Biomass (mgC m~?) Biomass (mgC m~?) Biomass (mgC m™?)

Figure S1-12: Biomass distribution among trophic groups depending on the half-saturation factors of the
decomposition of FOM (axronr), SOM (axson) and DOC (axpoc)-
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Figure S1-13: Relative biomass distribution depending on the half-saturation factors of the decomposition
Of FOM (afKFOM>7 SOM (aKSOM) and DOC (aKD()c).
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Figure S1-14: Detritus stocks depending on the half-saturation factors of the decomposition of FOM
(aKFOM), SOM (aKSOM) and DOC (aKDOC)-
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S1-2-2 Organic matter decomposition rate

In the same vein, we adjusted the maximum decomposition rate ¢ of the various detritus pools j
with the tuning parameter a,. We keep a,poc = 10, ay,ronm = 1000 and a,son = 10 according to the
criteria summarised in Table S1-3.
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Table S1-3: Distribution of the biomass for the two food web structures.

Criterion ay,poc GeroM Gpsom  Figure
Species persistence - > 10 - S1-15
Accumulation of SOM and depletion of DOC - - <100 S1-16

Large fraction of microbes - 1000 - S1-17
Decomposition of faeces by microbes - 1000 - S1-18
Realistic decomposition rate - 1000 10 S1-19
Equilibrium 10 - - S1-20

Final value 10 1000 10

SOM decomposition factor agsom = 1 SOM decomposition factor agsom = 10 SOM decomposition factor agsom = 100
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Figure S1-15: Biomass distribution among trophic groups depending on the decomposition factors of
FOM (&pFOM); SOM (atpSOM) and DOC (aipDoc).
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Figure S1-16: Detritus stocks depending on the decomposition factors of FOM (a,ronr), SOM (apsonm)
and DOC (aapDOC)-
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Figure S1-17: Relative biomass distribution depending on the decomposition factors of FOM (a,ronm),
SOM (awSOM) and DOC (awpoc).
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Figure S1-18: Decomposition of the different detritus classes depending on the decomposition factors of
FOM (a¢FOM), SOM (awSOM) and DOC (awDoc).
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Figure S1-19: Decomposition rate by microbes of the different detritus classes depending on the de-
composition factors of FOM (ay,ron), SOM (aysonm) and DOC (agpoc). As a reminder, the overall
decomposition rates measured in Perveen et al. (2014) are equal to 0.032d~! for the SOM and 0.009d~!
for the FOM.
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Figure S1-20: Time series over the 100 last days of the simulations depending on the decomposition
factors of FOM (ap,ron), SOM (agsonm) and DOC (aypoc)-
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S1-2-3 Organic matter decomposition rate and radius of FOM

The efficient consumption of FOM by detritivores and faeces by microbes is an important feature of
the model, which depends on the decomposition rate tuned by the factor a,ron and the radius of FOM
pellets determining the available fraction of FOM for microbes (see Fig. S2-4). Therefore, we selected
the values of these parameters to get a low decomposition of FOM and a high decomposition of faeces
by microbes (Fig. S1-21B), and kept a,ronm = 1000 and rpoym = 108 but the values corresponding the
top right quarter of the graphs Fig. S1-21 would also match these requirements.
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Figure S1-21: Crossed effects between the decomposition factors of FOM (auron) and the radius of
FOM particles rpopr. A) Fraction of microbial biomass (ratio of the total microbial biomass to the total
biomass). B) Fraction of decomposed FOM and faeces consumed by microbes.

S1-2-4 Self-regulation

The self-regulation of species represented by the consumer interference in the Beddington-DeAngelis
functional response does not benefits from empirical measurements and it must be arbitrary stated. We
decided to explore the values of its constants from the values of the attack rate. We keep cg prey = 1053,

coprea = 10%2° and s, = —0.3 according to the criteria summarised in Table S1-4.
Table S1-4: Distribution of the biomass for the two food web structures.
Criterion Co,prey Co,pred Sc Figure
Species persistence - - > —04 S1-22
Large fraction of microbes - > 10625 -0.3 S1-23
Abundance of macro-detritivores - 106-25 -0.3 S1-23
Equilibrium > 105 > 1062 -0.3 S1-24
Final value 1035 109-25 -0.3
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Figure S1-22: Biomass distribution among species depending on the normalisation constants cg prey and
co,pred llometric scaling exponent s, of the self-regulation.
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Figure S1-23: Relative biomass distribution among species depending on the normalisation constants

Co,prey and cg preq allometric scaling exponent s, of the self-regulation.
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S1-2-5 Microbe dormancy
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24



Microbial dormancy is needed for the ecosystem to accumulate an important microbial biomass ac-
cording to empirical results (see Fig. 3D in the main text). Microbes become dormant or get activated
depending on resource availability (see Appendix S2-5) but a baseline asymmetry between the rates is
required for microbial biomass to strongly accumulate (Fig. S1-26B). We selected qqs, = 1072, which
means that the activation rate is 100 times slower than the dormancy rate, which leads to 3.2% of mi-
crobes to be dormant (more than 70% without asymmetry with g,s, = 1, Fig. S1-26A). Note that the
overall respiration is independent of g4s, that does not affect the active biomass of microbes, except for
low values of gqsy that drive microbes to extinction. Therefore, the overall flows of C in the ecosystem

are robust to gasy-

S1-2-6 Feeding niche

The food web structure is determined by the feeding habits associated to each trophic group and the
feeding niche of carnivores defined by the predator-prey body mass ratio in particular. The feeding niche
is represented by a Gaussian distribution of mean 100 times smaller in average than predator ¢ body
mass (Brose et al., 2006) and an variance o (see equation (S2-8) and Fig. $2-5). We kept oM =1 for
carnivores but other values do not change significantly the distribution of biomass among trophic groups
(Fig. S1-26A) and the overall relationship between trophic levels and body mass (Fig. S1-26B). Having
a higher variance o™ only smoothers the distribution of trophic levels according to body mass because
of the increased omnivory (Fig. S1-26C).
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Figure S1-26: Effect of the width of the feeding niche o™ of carnivores. A) Relative biomass distribution.
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S2 Complete model description

S2-1 Ecosystem description

We distinguish four detritus pools and six trophic groups forming two sub-food webs (Fig. 1A). The
dissolved organic carbon (DOC) is the labile carbon pool such as root exudates that are absorbed by
microbes. The soil organic matter (SOM) is the recalcitrant pool of soil carbon made of microbial dead
materials that can be decomposed by microbes as well. The fresh organic matter (FOM) is made of the
litter fall and the dead bodies of soil fauna. Finally, faeces are the nonassimilated fraction of the organic
matter ingested by organisms. Following Potapov et al. (2021), we identify two sub-food webs: the micro-
and the macro-food webs. The micro-food web contains microbes (bacteria and fungi) feeding on detritus,
microbivores (e.g. protists and nematodes), their predators and micro-carnivores (e.g. nematodes and
mites). The macro-food web contains macro-detritivores consuming FOM and faeces (e.g. springtails) and
macro-carnivores (e.g. spiders). Trophic whales are large macro-detritivores (e.g. earthworms, woodlouse
and millipedes) without predators from the macro-food web (Schwarzmiiller et al., 2015). Potapov et al.
(2021) actually consider trophic whales distinct from the macro-food web but because trophic whales
are modelled with the same parameters as macro-detritivores (except their body size and the absence of
predators), we include them in the macro-food web for the sake of simplicity.
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MACRO
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’poc lsom lrom

Figure S2-1: General representation of the flows in the ecosystem represented by arrows. All flows are not
present but examples representative of each type of flow between the main compartments are represented.

All the flows in the ecosystem are carbon flows. The ecosystem is sustained by external inputs of DOC
(Ipoc) and FOM (Iroar), while DOC, SOM and FOM experience a leaching proportional to their stock
(rates {poc, Lson and £ropr) but not faeces (Fig. S2-1 (1)). SOM leaching is associated to burial and
permanent storage of C in deep soil. Microbes consume the different detritus pools at a rate F;; (Fig. S2-1
(2) and equation (S2-11)). Animals (i.e. all nonmicrobe trophic groups) consume resources (detritus or
organisms) at a rate Fj; (Fig. S2-1 (3) and equation (S2-14)) but they only assimilate a fraction e of
the ingested food (Table S2-1). The nonassimilated fraction (1 — €) of ingested microbes is released as
SOM while the it is released as faeces for all the other resources (Fig. S2-1 (4)). All organisms die at an
intrinsic rate p; (equation (S2-19)), microbes’ corpses are converted into SOM and animals’s corpses are
converted into FOM (Fig. S2-1 (5)). Organisms also lose biomass through metabolisms (equation (S2-9)),
which lost as carbon dioxide by the system (Fig. S2-1 (6)).
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Table S2-1: Assimilation efficiency ¢;; of resource j by consumer ¢ according to (Lang et al., 2017). The
consumption of microbes is assumed to have the same efficiency as other organisms. Columns correspond
to consumers and rows to resources. Note that trophic whales are not consumed by any carnivore because
of their size.

Trophic group Microbes  Microbivores MI.CI'O M.a.c ro Mam Trophic
carnivores detritivores carnivores  whales
DOC 1
SOM 1
faeces 1 0.18 0.18
FOM 1 0.18 0.18
Microbes 0.9 0.9 0.9
Microbivores 0.9
Micro-carnivores 0.9 0.9
Macro-detritivores 0.9
Macro-carnivores 0.9
Trophic whales

The general equations of organism and detritus dynamics are expresses by equations (S2-1a) and (S2-
1b) respectively.

prey pred
Z%AB” ZAB]Z — AR;(t) — Api(t) (S2-1a)
—— ——
resource consumption predation metabolism  mortality
species prey dccomposcrs species
AB;(t) = A — Al + Z D (1 =) ABy; (1) ZAB,“ )+ > Awi(t) (S2-1b)
J J
input  leaching nonassimilated biomass decomposition mortality

According to (Harfoot et al., 2014), we model the variations of biomass AB;(t) due to the demographic
process X; by an exponential function over a time step At.

AX(t) = By(t) [1 —exp ( - AtXi(t))} (S2-2)

This ensures that the biomass lost by species ¢ cannot exceed its biomass if the considered time step
At is large (Fig. S2-2). Leaching A/ follows equation (S2-2), while external inputs AI = I At because
they are constant over time and do not depend on state variables.

At

Figure S2-2: Biomass AB; of resource j lost during a time step At. AB; cannot exceed Bj(t).
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S2-2 Food web structure

] ] ] ] ]
S~~~ log(M;) log(M;)+h body mass
size class

Figure S2-3: Trophic group divided into size classes along a log axis defined by the smallest size in class
i M; (mg fresh weight) and its width A& on the log axis. Body masses are assumed to be log uniformly
distributed in each size class.

Box S2-1: Body mass: from natural logarithm to logarithm with base 10

The body masses of soil organisms span over several orders of magnitude and we usually represent
them on a logarithm with base 10 scale. However, equation (S2-3) uses natural logarithm transfor-
mations of body masses, thus, we get In(Mj11) = In(Mj) + In(10") = In(My) + h1n(10).

Each trophic group is divided into size classes 7 in which we assume that body masses are log uniformly
distributed between the boundaries log,,(M;) and log,y(M;) + h, with h the width of the size class on a
log scale (Fig. S2-3). Thus, there is a constant distribution density 1/h of body masses and the average
individual body mass of size class 7 is equal to:

- In(M;)+h In(10) T el ho_ 1
In(M;) h1n(10) h1n(10)

These average body masses M; are used to calculate the demographic parameters according to allo-
metric laws, trophic interactions and the size of faeces.

Indeed, animals, and detritivores in particular, fragment detritus by producing faeces whose size is
proportional to their body mass. Here, facces are modelled by spherical pellets of radius r; (as other
detritus, see ), which is calculated according to the body mass of organisms (see Appendix S3-8 for the
parameter calculation).

Ty = Tint + rslopeMi (82—4)

Microbes have access to the external layer r, of the faecal pellets (Fig. S2-4A), which represents a
fraction ¢; of detritus pool 3.

¢i=1- (” - r“>3 (S2-5)

Ti

The surface of detritus represents a microhabitat for microbes and each pool of detritus with a stock
B; hosts a fraction ¢!° of the total population of microbes.

grot = i (S2-6)

), 6iB;

Therefore, when detritivores consume a quantity B; cqten Of detritus 4, they also consume a biomass
Binic,eaten, 0f microbes whose total biomass is Byi. (Fig. S2-4B):

Bi eaten
Bmic,eaten - ¢§Ot ’B,t Bmic (82—7)
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bulk of detritus
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Figure S2-4: Representation of detritus pools by a collection of spherical pellets with a radius r,. A)
Only the external layer of pellets (r) is available for microbes while the bulk of detritus (r, —r,) remains
protected. B) Microbi-detritivores eat the microbes living on the surface of detritus pellets while they
consume detritus. The biomass of eaten microbes is proportional to the surface of consumed detritus.

The food web is structured according to the diet of each trophic group. The trophic interactions
between predators and their prey are size-structured and follow the classic food web theory since micro-
and macro-carnivores consume prey in average 100 times smaller (Brose et al., 2006). The interaction
strength of each possible trophic link is modulated by the preference p;; of consumers ¢ for prey j
depending on prey to predator body mass ratio.

M
0;

n (3 /3T) —In (0M)
Dij = exp —(1 (M;/M:) —1n (6, )> (S2-8)

With M the optimal prey to predator body mass ratio and oM the standard deviation, whose values
for each trophic group are reported in Table S2-4.

i HM 1 Predator

2 1.001 ) i body mass
— 1
& ! y
£ 0.75] i : %
5 E E - 01
< ] - - - 05
§0.50 | | o
o i ) 2
qg 0.251 i i 5
A : :

0.00 : .

-5 -4 -3 -2 -1 0 1
Log of prey to predator body mass ratio

Figure S2-5: Preference of predator ¢ for prey j depending on the log of prey to predator body mass
ratio (M;/M;) for different mismatch tolerances o with the optimal ratio § (whose log is equal to -2,

which means that prey are 100 times smaller than their predator according to Brose et al., 2006).

S2-3 Metabolism

The basal metabolic rate (or resting metabolic rate) corresponds to the metabolic rate measured
in laboratory of resting organisms or nondividing microbes (Makarieva et al., 2005). According the
metabolic theory of ecology (Brown et al., 2004), the mass-specific metabolic rate R;(t) follows a power-
law relationship with body mass M; and an exponential relationship with temperature 7' (Ehnes et al.,
2011).

o —wn_ [—Eg
Ri(t) = RoM; " exp (kBT) (52-9)

Ry is the mass- and temperature-independent constants, sg is an allometric exponent, EFgr is the
aggregated activation energy of metabolic reactions and kg is the Boltzmann constant. The values of
these parameters have been calculated for the main classes of soil organisms (microbes, mesofauna and
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macrofauna) according to Johnston and Sibly (2018). The detail of the statistical analysis and unit
conversion are in Appendix S3-4 and the values of the parameters for each trophic group are reported in
Table S2-4.

According to equation (S2-2), the biomass loss AR;(t) through respiration of the active fraction of the
population (;(t) over a time step At is defined by:

AR;(t) = Gi(1)By(t) [1 —exp ( - AtRi(t)ﬂ (S2-10)

S2-4 Consumption by microbes

Microbe species ¢ take up carbon from the detritus pools j according to a Michaelis-Menten functional
responses and depending on the available fraction of the pool ¢; (equation (S2-5) and Fig. S2-4A):

08 TG()Bi(1)
Fult) = chj + ¢;B;j

(S2-11)

Since we consider that degrading the FOM and the faeces requires the same enzymatic activity (they
both represent labile carbon), we assume they share the same instantaneous uptake function:

@il Gi(t)Bi(t)
- FOM+faeces

Kej+ Y ¢rBy
e

Fij(t) (S2-12)

The half-saturation constant K¢ and maximal absorption rate ¢®* are temperature (1T') dependent

according to German et al. (2012) and Wieder et al. (2014):

Ko =ag.Kcooexp(sk.T) 0 = e o exp(SpeT) (52-13)
Kco and pcg are scaling coefficients, sk and s, are temperature scaling coefficients and ax. and
a,. are tuning coefficients necessary to approach realistic stocks of dead organic matter (Appendices S1-
2-1 and S1-2-2). The detail of the unit conversion are in Appendix S3-7 and the values of the parameters
are reported in Table S2-4.
The quantity of detritus consumed by each microbe species is calculated according to equations (S2-16)
and (S2-17).

S2-5 Consumption by animals

The instantaneous loss of biomass Fj;(t) of resource j consumed by consumer i is calculated according
to the Beddington-DeAngelis functional response (Beddington, 1975; DeAngelis et al., 1975).

Gi(t)pijaij Bi(t)
prey

L+ Gelt)pinainhinBr (t) + ¢ Bi(t)
k

Fy(t) = (52-14)

pi; is the preference of consumer i for resource j (equation (S2-8)). Only the fraction (;(t) of active
consumers effcetively consume the fraction (i (t) of active prey because we assume dormant organisms
to be protected against predation. The attack rate a;; and the handling time h;; are both mass- and
temperature-dependent according to Li et al. (2018). The interference ¢; is defined based on the pa-
rameters of the attack rate and some are also hand tuned (Appendix S1-2-4) because of the lack of
data.

——Sq -F —S —-F w7 Se —E
aij = aOMi exp <k®;‘> hij = hOMi " exp (M}—L‘> C; = C()Mi exXp (Mf) (82—15)

ag, ho and ¢y are the normalisation constants, s,, sp and s, are the allometric scaling exponents, F,,
FEp, and E, are the activation energies, kp is Boltzmann’s constant and 7 is the temperature. The detail
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of the statistical analysis and unit conversion are in Appendix S3-6 and the values of the parameters for
each trophic group are reported in Table S2-4.

Following Harfoot et al. (2014), the total of biomass lost AB.;(t) by resources j through consumption
over a time step At is defined by:

AB.(t) = ¢ (1)B; (1)

pred
1 —exp <—At > Fij(t)ﬂ (S2-16)

Then, the biomass of resource j eaten by each consumer ¢ is defined by:

Fi;(t)

pred

> Fiy(t)

Microbivory

Macro-detritivores and trophic whales ¢ consume the microbe species j (both active and dormant)
growing on the eaten detritus k (Fig. S2-4B). The biomass of consumed microbes AB;;(t) is proportional
to total surface of each detritus pool ¢l according to equation (S2-6) and to the consumed fraction of
each detritus pool AB;(t)/Bg(t).

detrit
etri ustOt ABik(t)

ABy(t) = By(t) Y &k “Be(t) (52-18)
o

Intrinsic mortality and self-regulation

Organisms have an intrinsic mortality rate due to senescence p;(t) following a power-law relationship
with body mass and an exponential relationship with temperature 7" as reported by McCoy and Gillooly
(2008):

1i(t) = poM; ™" exp <_E“> (52-19)
kgT

o is the mass- and temperature-independent constants, F,, is the activation energy, s, the allometric
exponent and kp the Boltzmann constant. The detail of the statistical analysis and unit conversion are
in Appendix S3-5 and the values of the parameters are reported in Table S2-4.

In addition, microbes experience self-regulation, which is a density-dependent mortality rate (e.g.
allelopathy or bacterophages) and whose allometric parameters are chosen equal to those of the attack
rate because of the lack of data in the literature. Dg is assumed to be equal to 1 to keep self-regulation
low.

Dy(t) = DoM;™” exp (;51{)) (52-20)

The overall mortality Au; over a time step At is defined as follow:

Api(t) = Bi(t) (1 - e—(WHDi(ﬂ)At) (S2-21)

Dormancy of microbes

Microbes switch from dormant to active states (and vice versa) at a transition rate ¢“*Q (qg”mQ) with
Q the maximum transition rate and ¢ and ¢#°"™ the sensitivity functions of carbon balance controlling
activation and dormancy respectively (Panikov and Sizova, 1996; Stolpovsky et al., 2011; Manzoni et al.,
2014; Wang et al., 2014).
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(S2-22)

These functions depend on the biomass gained through the consumption of resources (1) and the loss
through respiration (2) (equation (S2-1a)).
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Figure S2-6: Functions modulating the transition rate between active and dormant states. ¢&“t dorm

3¢ and ¢
are symmetric and equal when losses by respirations are compensated by gains from resource consumption

(G; = R;), which means that more microbes become dormant if G; < R; or active if H; > R;.

Let us note B#“* and B&™™ the biomasses of microbe species i, which are active and dormant re-
spectively, and B; = B2 + Bd°™™ the total biomass of microbe species . Dormant microbes do not
consume resources and their metabolism is shut down (no carbon loss due to respiration), they suffer
basal mortality and are protected from predation. In addition, we consider that the activation rate is
asymmetric to the dormancy rate by a factor gqs,, which enables a large fraction of microbes to stay
dormant (Fig. S1-25). To assess the fraction of microbes that is active, we only consider dormancy and
activation as demographic processes.

Byt

= _ 7B1qctq;ioer + B;iormqasyq;zctQ (82—233)
dedorm act _dorm orm ac
—— =B LgdormQ — B 446,007 Q (S2-23b)

Then, we define ¢; = B!/ B; the fraction of microbe species i that is active. At equilibrium, we have
Bget/Bder™ = q,.,q%° /¢ and (i = Qasy@? ) (qasyq?t + ™). Since we can consider B; constant,
we can easily calculate the dynamics of (.

d¢; 1 dB¢t Q

= g = 5 (B ey = B (S2-24a)
K3 K3
= Q((1 = C)asya™ — G (52-241)
t t Qaeyq(‘mt
= ac 1 — g%¢ ) ( 29 2t _ ) S92-24
Q(Qasyql + ( q; ) QasngCt 1 Q?Ct Gi ( C)
overall rate of change expected equilibrium

Therefore, the variation of the fraction of dormant microbes A(; can be computed as follows:

act
Gasyq;

AG = (qasyq“t g i Ci) (1 — exp (—AtQ (qasyqﬁ“ +(1 - qf“)))) (52-25)

A %
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Parameters

Table S2-2: Characteristics of the main trophic groups.

Parameter Microbes Microbivores Micro-carnivores Macro-detritivores Macro-carnivores Trophic whales
Initial density 1 x 10* 10 10 1 x10° 1 x 10% 1x10°
Mnin (logl0) -9 -7 -6 -3 -3 1
Mpaq (logl0) -9 -6 -3 1 2 4

# size class 10 4 9 12 15 9

oM - 0.01 0.01 0.1 0.01 0.1
oM - 100 1 10 1 10
In(Rp) 25.25 20.27 20.27 2.2 2.2 2.2
SR -0.14 -0.35 -0.35 -0.3 -0.3 -0.3
Er 0.75 0.63 0.63 0.64 0.64 0.64
o _ 106.25 106.25 105.5 106.25 105.5
ap - 1 1 0.1 1 0.1

Table S2-3: Value of the decomposition parameters of detritus by microbes. The details of unit conversion
and references are given in Appendix S3-7.

Parameter DOC FOM faeces SOM
Kc0 1.1 x 107° 3.2x 1073 3.2x1073 3.2x 1073
(el 7.09 x 1078 887 x 10711 8.87 x 1011 3.03 x 1010
SK 0.034 0.034 0.034 0.034

S 0.063 0.063 0.063 0.063
aK 0.01 0.001 0.001 0.001
ay 10 1000 1000 10
T - 1 x 108 equation (S2-5) 10
I 150 300 0 0
/ 0.0026 0.001 0 0.001
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Table S2-4: Table of state variables and parameters.

Symbol Description Value Units Reference
B; biomass - mgCm~? -
oi fraction of accessible equation (S2-5) dimensionless -
T radius of detritus pellet 4 equation (S2-4) pm -
Qact activation of microbes equation (52-22) dimensionless -
Qdorm dormancy of microbes equation (S2-22) dimensionless -
i fraction of active microbes equation (S2-25) dimensionless -
T temperature 288.15 K -
kp Boltzmann constant 8.62 x 10~° eVK-! -
oM resource-consumer body mass ratio Table S2-2 dimensionless Brose et al., 2006
oM resource pref. standard dev. Table S2-2 dimensionless assumed
€ij assimilation efficiency Table S2-1 dimensionless Lang et al., 2017
Ry metabolic scaling const. Table S2-2 Jh! Johnston and Sibly, 2018
SR metabolic allometric exp. Table S2-2 dimensionless Johnston and Sibly, 2018
E. activation energy Table S2-2 eV Johnston and Sibly, 2018
1o normalisation const. 5.52 x 1073 yr~ ! mgC—s» McCoy and Gillooly, 2008
EP allometric scaling exp. -0.26 dimensionless McCoy and Gillooly, 2008
E, activation energy 0.83 eV McCoy and Gillooly, 2008
Dy self-regulation scaling const. 1 m2 mgC~1-1-sp assumed
SD self-regulation allometric exp. -0.49 dimensionless assumed
Ep activation energy 0.43 eV assumed
co attack rate scaling const. Table S2-2 m? mgC 115 assumed
Se attack rate allometric exp. -0.3 dimensionless assumed
E, activation energy 0.43 eV assumed
aop attack rate scaling const. 4.67 x 10° m?2 mgC 115 Li et al., 2018
Sa attack rate allometric exp. -0.49 dimensionless Li et al., 2018
E, activation energy 0.43 eV Li et al., 2018
Qq tuning coefficient 1 dimensionless assumed
ho handling time scaling const. 7.22 x 1076 dmgCpred mngrCy_l mgC™sh Li et al., 2018
Sh handling time allometric exp. 0.24 dimensionless Li et al., 2018
By activation energy -0.31 eV Li et al., 2018
Qg tuning coefficient Table S2-2 dimensionless assumed
Keo half-saturation const. Table S2-3 mgCm™? Appendix S3-7
SK half-saturation regression coef. Table S2-3 K-! Appendix S3-7
aK tuning coefficient Table S2-3 dimensionless assumed
Pco max. decomposition const. Table S2-3 mgCmgC ' d~! Appendix S3-7
S5 max. decomposition regression coef. Table S2-3 K-t Appendix S3-7
ay tuning coefficient Table S2-3 dimensionless assumed
Q switch rate of microbes 24 d-! Stolpovsky et al., 2011
Qasy asymmetry in switch rate 0.01 dimensionless assumed
Tq radius of available detritus 10 pm assumed
Tint faces size constant 9.81 pm Appendix S3-8
Tslope faeces size regression coef. 0.073 pm mgC ™ Appendix S3-8
1 external input Table S2-3 mgCd! Appendix S3-9
l leaching rate Table S2-3 d-t Appendix S3-9
Simulations

Simulation are run over 4000 days with a time step At = 0.01, which enables the system to reach
a stable equilibrium (Fig. S1-11). We average the outputs of the model over the last 100 days of the

simulations and consider a species as extinct if its biomass falls bellow 1 x 1071 mgCm™2.
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S3 Complementary methods

S3-1 Food web structure

MULTICHANNEL FULL SIZE SPECTRUM SIZE-STRUCTURED
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Figure S3-1: Trophic groups and their body size distribution in each food web structure. The mul-
tichannel model is representative of the structure described by Potapov et al. (2021). The full size
spectrum model is a multichannel model in which the body mass interval of detritivorous invertebrates
spans over both the micro- and the macro-food webs. The size-structured model is a classic Allometric
Diet Breadth Model in which the body size is fully correlated to the trophic level.

S3-2 Statistical analysis

We have reused the same statistical analysis as the paper from which we picked up the datasets. The
analysis we made by our own were performed with the Anova function of the car package on R 4.1.2.

S3-3 General unit conversion

First of all, the units of parameters in literature are usually wrong although we believe the numerical
values are correct. We have had to correct the units from several papers and we beg ecologists in the
future for being extremely careful when writing down the parameters they have fitted.

The allometric scaling of biological rates relies on relation between flows of matter and body mass.
Flows must be in carbon for us to implement properly stoichiometric constrains but body mass are usually
expressed as fresh weight. Thus, we convert all the biomasses and detritus stocks into carbon (Table S3-2)
thanks to conversion factors (Table S3-1). In addition, biological rates are usually expressed as rates per
individual and we must convert them into rates per unit of biomass (mass specific rates).

Table S3-1: Factors converting the units of the parameters collected from the literature.

Conversion Value Reference

organism dry:fresh weight ratio 0.2 Makarieva et al., 2005; Ehnes et al., 2011
Johnston and Sibly, 2018

organism C:dry weight ratio 0.42 Andrieux et al., 2021

JmmL O, ratio 20.1 Peters, 1983; Johnston and Sibly, 2018

mgC:mL O, ratio 0.5363 Lampert, 1984; Johnston and Sibly, 2018

volume of soil 0.1m3m~2 -

bacteria cell mass 1x 10" mg Makarieva et al., 2005

carbon molar mass 12.011gmol ! -

nitrogen molar mass 14.0067 gmol ~* -

water:soil volume ratio (moisture) 0.2 Heathman et al., 2003

soil bulk l.4gem—3 Heathman et al., 2003

35



Table S3-2: Units used in the model.

Dimension Desired units

Compartment mass mgC

Body mass mgC
Flows mgC
Temperature K
Time day
Surface m?

S3-4 Metabolic rate unit conversion

We used the metabolic data set compiled by Johnston and Sibly (2018) (available at the following link:
https://doi.org/10.5061/dryad.416kv03). It gathers the dataset of Ehnes et al. (2011), itself including
the data from the meta-analyses of Meehan (2006) and Chown et al. (2007) together with measurements
for acari, collembola, enchytraeidae, centipedes, millipedes, isopods, spiders, ants, beetles, termites and
earthworms (n =3,399) performed by Ehnes et al. (2011) themselves. In addition, Johnston and Sibly
(2018) compiled data for bacteria from Makarieva et al. (2005) (n =56), protozoa from Laybourn and
Finlay (1976) and Fenchel and Finlay (1983) (n =143), nematodes from Klekowski et al. (1972) and Ferris
et al. (1995) (n =105) and enchytraeidae from Nielsen (1961) (n =58).

Johnston and Sibly (2018) used fresh mass (mg) and standard individual metabolic rate per hour
(Jh™'), using a dry to fresh mass ratio of 0.2 (Ehnes et al., 2011), 1mL O, = 20.1J (Peters, 1983)
and 1mL O, = 0.5363mgC (Lampert, 1984). We redid the statistical analysis performed by Johnston
and Sibly (2018) to convert the individual metabolic rates into mass-specific metabolic rates and the
parameters into the appropriate units according to Table S3-3 to get the values used in our model
summarised in Table S3-4.

R; = RyM?" exp (;E;> (83-1)
B

Table S3-3: Conversion of the units used in Johnston and Sibly (2018) to the units used in our model.

Parameter Original units Converted unites
R; Jh~'Ind™* mgCmgC~d!
Ry Jh ' Ind'mg—*r d~'mgC—sr

M; mg (fresh) mgC

Table S3-4: Original values of metabolic parameters calculated by Johnston and Sibly (2018) and their
converted values.

Original values Converted values

Microbes Mesofauna Macrofauna Microbes Mesofauna Macrofauna

In(Ryp) 25.27 21.23 20.90 27.25 20.27 22.20
SR 0.87 0.66 0.71 -0.14 -0.35 -0.30
Er 0.74 0.68 0.64 0.75 0.63 0.64

Johnston and Sibly (2018) assessed soil respiration by calculating the mass-specific metabolic rate R;
with the allometric parameters reported in Table S3-4 and the average body mass of the main soil fauna
groups (e.g. bacteria, nematodes and termites, Fig. S3-2B). Then, this mass-specific metabolic rate is
simply multiplied by the average biomass of each group.
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Figure S3-2: Calculation of the allometric parameters of the mass specific metabolic rate according to
trophic groups from the data of Johnston and Sibly (2018). A) Distribution of the mass specific metabolic
rate depending on body size. B) Mean body mass for each main taxa of the soil fauna (red circled points).
C) Residuals of the mass specific metabolic rate depending on body mass after temperature correction.
D) Residuals of the mass specific metabolic rate depending on temperature after body mass correction
correction.
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Figure S3-3: Mass specific metabolism and maximum ingestion rate depending on fresh body mass and
trophic group (T =288.15K).

S3-5 Intrinsic mortality rate unit conversion

We used the data set gathered by McCoy and Gillooly (2008) (available in their supporting informa-
tion), which contains the natural mass-specific mortality rate of five taxonomic groups: invertebrates
(128 species), fish (168 species), plants (278 species including phytoplankton), mammals (361 species),
birds (600 species), which span a broad range of body temperatures (from 1 to 40 °C) and body masses
(1.4 x 107 to 1.5 x 108 g). We only kept the data relative to invertebrates and removed the observations
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with a mortality rate equal to zero. The authors considered a dry to fresh weight ratio of 0.25 and we
corrected their dry masses to get a ratio of 0.2 for the sake of consistency with the analysis of the other
datasets.

s —F
Wi = 'U’OMz *exp (sz}f> (83—2)

Table S3-5: Conversion of the units used in McCoy and Gillooly (2008) to the units used in our model.

Parameter Original units Converted value and unites

i yrt d-!

1o yrolgTsu 5.52 x 1073 d~! mgC~*»
5, : 0.26

E, eV 0.83eV

S3-6 Functional response unit conversion

Resource consumption by animals follows a Holling type II functional response. The attack rate a;;
and handling time h;; are both mass- and temperature-dependent according to Rall et al. (2012) and Li
et al. (2018).

—E,
aii = aoM;* exp (kBT) (S3-3a)
—E,
hip, = hoM:" -3b
k 0M; eXP(kJBT) (S3-3b)

M; is predator’s body mass, ag and hg are normalisation constants, s, and sy, are the allometric scaling
exponents, E, and Ej, are the activation energies, kp is Boltzmann’s constant (kg = 8.62 x 1075eVK™1)
and T' (K) is the temperature.

We used the data set gathered by Rall et al. (2012) and Li et al. (2018) (available at the following
link: http://dx.doi.org/10.5061/dryad.g5516) and performed the same statistical analysis but we con-
verted the units according to Table S3-6 (see Li et al. (2018) and their supporting information for more
details). In addition to the variables seen in equations (S3-3a) and (S3-3b), Li et al. (2018) considered
the dimensionality of the arena used for the experiment (2D or 3D), the duration of the experiment and
the starvation state of the individuals used during the experiment. For our model, we consider only used
the parameters calculated for a 2D environment and we dropped the duration and the starvation states
from the statistical analysis since these variables are not modelled. Finally, we convert the individual
attack rate into mass-specific attack rate.

Li et al. (2018) did not consider individuals as units when expressing their parameters but it is a
mistake because prey individuals and predator individuals are not equivalent and this is critical when
converting an individual based functional response into a biomass based functional response. We have
corrected the units in Table S3-6. Then, to get biomass based parameters, we have to divide attack rates
a;; by predator body mass M; and to multiply handling times h;; by the ratio of predator to prey body
mass M;/M;.

Table S3-6: Conversion of the units used in Li et al. (2018) to the units used in our model.

Parameter Original value and units Converted value and unites

Q5 m? Indpred71 st m? mgcpred71 S

ag exp(—10.59) m? Indpreq ' 87 Mgprea ™ 4.67 x 10° m?d ™' mgCpreq ' %

Sa 0.49 -0.49

E, 0.43eV 0.43eV

hik S Indprcd rngprcyi1 d mgcprcd rngcprcy_1

ho exp(13.01) sIndpreq Indprcy_1 mg~sh 722 x1076d mgChpred mngrCy_l mgC~sh
Sh -0.73 0.24

Ey —0.3eV —0.31eV

M; mg (fresh) mgC
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Figure S3-5: Functional response of carnivores (biomass of prey eaten per unit of predator biomass per
day) depending on predator fresh body mass and parameters a, and a;, tuning ther attack rate and the
handling time. Two body masses of predators are tested.

S3-7 Microbe unit conversion

The kinetic of nutrient uptake and organic matter decomposition are not known in detail in the bulk
of soil while the Michaelis-Menten kinetics have been well described in water. Since soil bacteria live in
the thin layer of water covering soil particles, we can link the water concentration of nutrient (mgL~1!)
to the soil content of nutrient (mgm~2) thanks to soil moisture. Therefore, we consider a parallelepiped
of 1 x 1 x 0.1 m whose moisture represents 20% of soil volume (usually, moisture ranges between 10% and
30% (Heathman et al., 2003)).

German et al. (2012) originally defined half-saturation constant K¢ and maximal absorption rate ¢&**
as functions of temperature based on the measurement of enzymatic activity (3-glucosidase extracted from
1g of soil degrading 4-MUB-83-D-glucopyranoside C,;H,;Og but only Cg are degraded in the substrate,
the rest being the fluorescent dye):

K¢ = ak. exp(KsiopeT + Kint) (S3-4a)
P& = ape exp(Pstope T + Pint) (S3-4b)

Kiopes Psiope, Kint and @;y, are regression coefficients and intercepts. T is the temperature (°C). ak,
and a, are tuning coefficient ensuring the conversion of the enzymatic activity into bacterial activity.
However, the units of their parameters are wrong because the resultant of the terms inside the exponential
must be dimensionless. Then, we rewrite equations (S3-4a) and (S3-4b) to set correct units:
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Kc = aKcKCO exp(chT) (83—53)

OET = ape0co exp(seeT) (S3-5b)

SKe = K5l0p67 Spc = Pslopes KCO = eXp(Kint - SKCTO) and Yoo = exp(@int - svarphiCTO)7 with
To = 273.15K. Because German et al. (2012) strongly relied on tuning parameters to calibrate their
model, we decided to use the values of FOM and SOM consumption rates measured at T" = 20°C by
Perveen et al. (2014) for our own calibration. The consumption of organic matter does not depend on
FOM and SOM stocks in Perveen et al.’s (2014) model, which then corresponds to the maximum uptake
rate of the Michaelis-Menten function. Then, we solve the following equation:

PPerveen = PCO exp(stch:293.l5K) (83_6)

The kinetic of mineral nitrogen and dissolved organic carbon (DOC) are calculated from the values
used by Grover (2003). However, the their parameters do not depend on temperature and, for the sake of
consistency, we will consider the same temperature dependency as organic matter decomposition. We will
consider that the values of half-saturations and maximum uptake rates have been measured at T'= 20°C
and the cell wet mass is roughly 1 x 10~% mg (Makarieva et al., 2005).

Table S3-7: Conversion of the units related to microbe nutrition. The original values of K.g and ¢.g are
the values of K. and ¢™** for the parameters from Grover (2003) and Perveen et al. (2014).

Parameter Original value and units Converted value and unites  Reference
Kno 1x 1074 molm™3 1.3 x 1079 mgNm—2 Grover, 2003
Kpoco 1 x 1073 molm™3 1.1 x 107> mgC m 2 Grover, 2003
Kco (FOM, SOM)  24.3pmol L1 3.2 x 1073 mgCm™? German et al., 2012
©ONO 7.7 x 107 molcell 'd~!  1.22 x 107*mgNmgC~'d~!  Grover, 2003
wco (DOC) 52 x 107 molcell ' d~'  7.09 x 107¥mgCmgC~'d~'  Grover, 2003
wco (FOM) 0.0093d~! 8.87 x 10711 d-! Perveen et al., 2014
wco (SOM) 0.0318d1 3.03 x 10710q-1 Perveen et al., 2014
SKn - 0.034 K1 assumed
SKpoc - 0.034 K1 assumed
sik. (FOM, SOM) 0.034°C™* 0.034 K1 German et al., 2012
Son - 0.063K~! assumed
Sepoc - 0.063K~! assumed
500 (FOM, SOM)  0.063°C~! 0.063K~! German et al., 2012
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S3-8 Faeces geometry calculation

Detritus D; are modelled by spheres of radius r;, which is calculated from the specific area (assumed
to be discs) of the faeces of soil invertebrates photographed by Ganault et al. (2022) (available by direct
communication). Specific faeces area (mm? g=!) was measured by calculating the projected surface area
of 10 faecal pellets from photographs using a stereo-microscope and reporting it to their total dry mass.
Thus, the individual area of a single pellet is calculated by dividing the specific area by the average
dry weight of faecal pellets. We identify a linear relationship between pellet radius and organism fresh
body mass. However, we discriminate two class of invertebrates depending on their body shape: compact
organisms (Fig. S3-8A,B,D,F) and elongated organisms (Fig. S3-8C,E), which produce smaller faecal
pellets compared to their body mass due to their reduced body section. For the sake of generality, we
keep the parameters relative to compact body shape.

r; = Tint + rslopeMi (83—7)

The relationship between invertebrate body mass and the mass of their faeces is not significant due
to the very high dispersion of data points. Since found a significant relationship between invertebrate
body mass and faeces radius, we could explain the variability of faeces mass by a variability of their
density. In the model, we use body mass as a proxy of body size to assess the possible interactions and
not to directly calculate flows of matter and energy. Thus, we just calculate the general ratio between
invertebrate fresh body mass M; and faeces fresh mass Mp, to estimate the rough mass of the faeces of
each of our modelled organism.

Mp, /M; = 0.047 (S3-8)

Table S3-8: Result of the ANOVA testing the effect of body mass and body shape on the radius of faeces.
Fixed and cross-effects are significant.

Sum Sq Df F-value p-value

body mass 136.74 1 12.51 1.5 x 1073
body shape 554.62 1  50.74 1.5 x 1077
body mass x body shape 67.26 1 6.15 0.02

Table S3-9: Values of the parameters from equation (S2-4).

Parameter Compact Elongated Units

Tint 9.81 8.60 pm
T'slope 0.87 0.22 pm mgC?
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Figure S3-8: Invertebrates whose faeces characteristics have been measured by Ganault et al. (2022). A)
Armadillidium vulgare B) Armadillo officinalis C) Cylindroiulus caerulocinctus D) Glomeris marginata
E) Ommatoiuls sabulosus F) Porcellio laevis.

S3-9 Environmental parameter conversion

For the conversion from bulk soil to soil volume, we use the measure made by Bowden et al. (2014) :
1gem™3. We assume that the leaching rate of DOC £poc is equal to the leaching rate of mineral nitrogen
£y. The maximum transition rate of microbes between active and dormant states (and vice versa) has
been calculated by Stolpovsky et al., 2011 by fitting a bacteria population model on experimental data
obtained with Pseudomonas putida.

The input of DOC corresponds to the gross rhizodeposition, which represents roughly 10% of the net
primary production (Jones et al., 2004; Pausch and Kuzyakov, 2018).

The data relative to the various stocks of carbon presented in Table la are taken from Xu et al.
(2013). Since we consider global patterns, we took the total values in Table 4 for in their main text for
the microbial C and divided it by the total area. Then, the SOM pool is evaluated thanks to the global
average Cpic/Corg ratio in Table 2 (1.2%) and the assumption that Corg=Cmic+Csom (i.e. the organic
compartment consists in living and dead matter). Therefore, we get:

Csonr = Crnie(1/0.012 — 1) (S3-9)

42



The data relative to the FOM stock were taken from Hedénec et al. (2022) (available in their supporting
information), averaged over biomes and converted into carbon with the dry to carbon mass ratio 0.42

from Andrieux et al. (2021).

Table S3-10: Conversion of the units related to nonallometric parameters.

Parameter Original value and units = Converted value and unites Reference

In 0.063gNm~—2d! 63mgNm~—2d! Perveen et al., 2014
Ipoc (meadow) 0.1 to 5gCkg ' month™  33.33 to 1666.7mgCm~2d~' Jones et al., 2009
Iron (forest) 239gCm2yr—! 655 mgCm—2d~! Bowden et al., 2014
Iron (coniferous) 111 to 667 gCm~—2yr—! 304.1 to 1827.4mgCm~2d~!  Wunderlich et al., 2012
Iron (deciduous) 206 to 447gCm~2yr—! 564.4 to 1224.7mgCm~2d~!  Wunderlich et al., 2012
In 2.6 x 1073d! 2.6 x 107341 Perveen et al., 2014
!poc - 2.6 x 1073471 assumed

Lrom - 1x1073d7! assumed

{som - 1x 107341 assumed

Q 1h~! 2441 Stolpovsky et al., 2011

Table S3-11: FOM input (litterfall) across biomes (Hedénec et al., 2022). FOM input ranges from 22 to

783 mgCm~—2d~!.

Biome Original (kgha 'yr—!) SE Converted (mgCm~2d~!) SE
Tundra and cold steppe 1702 706 196 81

Boreal forest 2032 1094 234 126
Temperate forest 3221 1394 371 160
Temperate grassland 2997 1053 345 121
Mediterranean vegetation 2974 1480 342 170
Desert 638 448 73 52

Tropical grassland 3893 1894 448 218
Tropical forest 5413 1394 623 160

Table S3-12: DOC input (rhizodeposition) across biomes assumed to be equivalent to 10% of the net
primary production (Melillo et al., 1993). SOM input ranges from X to 1mgCm~2d 1.

Biome NPP (gCm~2yr~!) Rhizodeposition (mgCm~2d~1)
Tundra 120 33

Boreal forest 238 65

Temperate forest 620 170

Temperate grassland 335 92

Desert 53 15

Tropical grassland 335 108

Tropical forest 1098 300

Mediterranean 343 94
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