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Total number of original studies for different soil fauna groups since 2010
("Soil fauna': a mixture of at least three different groups was studied)

Earthworms - 106
Termites 23
Soil fauna 1 22
Ants 1 20
Beetles - 7
Potworms - 6
Nematodes - 5
Millipedes 5
Mites 4
Springtails - 3
Crabs 2
Slugs -
Isopods

Flies -
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Total number of original studies measuring carbon dioxide fluxes for different soil fauna groups since 2010
("Soil fauna': a mixture of at least three different groups was studied)

Earthworms - 74
Soil fauna - 21
Ants - 18
Termites - 15
Potworms - 6
Nematodes - 5
Beetles 1 4
Springtails - 3
Millipedes 3
Mites - 2
Slugs
Isopods
Flies

Spiders

Crabs
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Background & Method

"Changes in species composition and the reorganization of
local and regional biological communities have consequences
for biophysical and biochemical processes, with implications

for climate and regional energy, nutrient and water cycles
(Arneth et al., 2020)." (Portner et al. 2021)

» In 2014, Schmitz et al. published the paper ,,Animating the carbon cycle”, stating
that to improve our quantitative understanding of the carbon cycle, we have to
include all organisms, not only focus on plants and microorganisms. However,
in the same paper they also stated:

"One group of animals that are potentially important to
consider but are not discussed at length here are soil fauna.
This is because more science is required [...]."

» How far have we come in acquiring new knowledge on direct GHG emissions
from soil fauna and their mediating effects on soil GHG fluxes since then? On
09.01.2024, I conducted a literature search focusing on original studies and
review papers published since 2010. Only original studies were included which
conducted direct measurements of greenhouse gases. Here, I present preliminary
results of this literature search.

(PRISMA template from Page et al. 2021)

[ Identification of studies via databases ]
)

5
= Records identified from:
o Databases (n = 2): »| Records removed before screening:
= Web of Science Core Collection (n = 282) Duplicate records (n = 165) n
3 Lens.org (n = 529)
3

\ 4

Records screened > Records excluded
(n = 646) (n=394)
4
Reports sought for retrieval R Reports not retrieved
=2 (n =252) (n=1)
=
/]
5
Py \ 4
Reports assessed for eligibility > Reports excluded
(n =251) (n=24)
N’/

\4
3
= Studies included in review
° (n=227)
f=

» In addition to the original research studies, 20 reviews were identified that
addressed direct and indirect eftects of soil fauna on GHG fluxes.

» Nine of these reviews looked at soil GHG fluxes from a system perspective and
included information on soil fauna, but did not place a sole focus on this group.

» Eleven studies reviewed the available data for specific groups: earthworms (5
studies), pseudoscorpions (1), ants (1), ant nests (1), isopods (1), soil
invertebrates (1), and termites (1).

» A first screening identified the following phrases to characterize our current
knowledge base.:

...after many years of neglect...
...the net effect remains unknown...

...harness knowledge from trait-based ecology...

...few existing data...
...more detailed studies imperative...

...more data needed on different species and habitats...

...lack of data...

..more field-scale studies needed...

...food webs rarely considered in C flux modelling...

...new quantitative research needed...
...understanding of responses to climate change rudimentary...

.understudied...

...lack of integrative models...

...lack of studies > 1 year...

Total number of original studies measuring methane fluxes for different soil fauna groups since 2010

("Soil fauna': a mixture of at least three different groups was studied)

Earthworms -
Termites 13
Ants 1 5
Beetles 1 4
Millipedes 3
Soil fauna 2
Flies 1 1
Crabs 1 1
Slugs -
Isopods -
Spiders -
Springtails -
Mites

Nematodes

Potworms -
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Greenhouse gas (CO., CH4, N.O) emissions from soil fauna — what have we learned over the past decade?
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Fear of predation alters soil carbon
dioxide flux and nitrogen content
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Predators are known to have both consumptive and non-consumptive
effects (NCEs) on their prey that can cascade to affect lower trophic levels.
Non-consumptive interactions often drive these effects, though the majority
of studies have been conducted in aquatic- or herbivory-based systems. Here,
we use a laboratory study to examine how linkages between an above-
ground predator and a detritivore influence below-ground properties. We
demonstrate that predators can depress soil metabolism (i.e. CO; flux) and
soil nutrient content via both consumptive and non-consumptive interactions
with detritivores, and that the strength of isolated NCEs is comparable to
changes resulting from predation. Changes in detritivore abundance and
activity in response to predators and the fear of predation likely mediate inter-
actions with the soil microbe community. Our results underscore the need to
explore these mechanisms at large scales, considering the disproportionate
extinction risk faced by predators and the importance of soils in the global
carbon cycle.
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Abstract—The effect of crane fly { Diptera, Tipulidae) larvae on the functional diversity of soil microorganism
communities and the intensity of nitrogen and carbon transformation processes in soil has been investigated.
The vital activity of larvae in the soil has been shown to significantly accelerate nitrogen fixation, denitrifica-
tion, and methane production and elevate the functional diversity (the number of substrates consumed ane
metabolic work) and stability of the microbial complex.
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Total number of original studies measuring nitrous oxide fluxes for different soil fauna groups since 2010
("Soil fauna': a mixture of at least three different groups was studied)
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pressing issues of the Anthropocene. While there is

Conclusions & Outlook

"Climate change and biodiversity loss are two of the most

recognition in both scientific and policy-making circles that

addressed In their own domains. The research community

the two are interconnected, in practice they are largely

dedicated to investigating the climate system is somewhat,

but not completely, distinct from that which studies
biodiversity.” (Portner et al. 2021)

This quote is from the report of the IPBES-IPCC workshop
on biodiversity and climate change, the first ever joint
collaboration between these two Intergovernmental
bodies. Although referring to climate change and
biodiversity loss in general, it highlights in my opinion the
main reason why soil is still in large parts a black box. To
illuminate this box with respect to GHG fluxes:

1) Soil flux researchers and soil ecologists should join
their knowledge in interdisciplinary research projects.

2) Established methods need to be modified (where
possible) and new methods need to be developed to allow

non-invasive field monitoring of soil biodiversity (e.g.
Gorres & Chesmore 2019, Maeder et al. 2022).

3) New soil health indices are needed focusing on soil
faunal groups and soil food webs for inclusion in GHG flux
models.

Biodiversity loss also affects belowground communities. We

might already be losing soil fauna before we are able to
understand their role in soil GHG flux dynamics!
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