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Handling Editor: Jennifer Gill 2656.13744. Despite the well-documented decline of aboveground species abun-
dances as a result of land-use intensification, there has been little attention on the
effects of human activities on belowground species abundances. Li et al. analyse
nematode data, the most abundant animal on the planet, from across the globe to
determine whether their abundances vary between managed and unmanaged habi-
tats. The authors show that, unlike aboveground biodiversity, nematode abundance is
higher in managed than unmanaged primary and secondary habitats. Furthermore, re-
sponses to land management vary between trophic groups and they do not appear to
follow the general hypothesis that higher trophic levels are more vulnerable to human
activity than those further down the food chain, except in urban habitats. Finally,
Li et al. show that the relationships between environmental predictors and species
abundance were weakened (and sometimes reversed) in managed habitats. Together,
their results reveal how land-use management is impacting the trophic composition of
soil nematode communities and their relationships with the environment, which has

implications for ecosystem functioning.
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Globally, species across multiple taxonomic groups have suffered
local reductions in abundance due to land-use change and intensi-
fication (Newbold et al., 2015; Seibold et al., 2019), with large po-
tential impacts on ecosystem functioning (Allan et al., 2015). The
majority of these studies have focussed on aboveground biodiver-
sity, whilst the belowground realm has often been ignored. There
have been multiple calls, however, to open up the ‘black box’ of be-
lowground biodiversity patterns and identify the threats these spe-
cies face (Phillips et al., 2017; White et al., 2020).

Li et al. (2022) delve into this black box by providing insight into
the effects of land-use intensity on the most abundant type of ani-
mal on Earth; nematodes (Bardgett & van der Putten, 2014; van den

Hoogen et al., 2019). Nematode abundances are already known to
vary between biomes (van den Hoogen et al., 2019) and vegetation
types (Song et al., 2017), and land-use effects on abundance have
been studied at a local scale (Li et al., 2020; Pothula et al., 2019). Li
et al. (2022), however, advance our knowledge of nematode spatial
ecology by unpicking the impacts of human activity on global patterns
of nematode abundances. They show that, unlike their aboveground
counterparts, nematode abundance is higher in managed primary and
secondary habitats than in unmanaged ones, and remains unchanged
in pasture, cropland and urban habitats (Table 1; Figure 1a).
Nematode distributions are strongly influenced by soil char-
acteristics (Raymond et al., 2013), which are thought to be the
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TABLE 1 Lietal. (2022) investigated the difference in nematode abundance between managed and unmanaged habitats. They show
that, in some instances, abundances were higher in managed than unmanaged areas (green arrows), but often there was no difference in
abundances between the two land-use intensities (grey boxes), both when all nematodes were considered or when split into trophic groups.
Only fungivorous nematodes in pasture and predators in urban areas showed lower abundances in managed compared to unmanaged

habitats (red arrows)
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most important drivers of nematode abundance globally (Nielsen
et al., 2014; van den Hoogen et al., 2019). Given the impact of land
use on soil quality and structure (Neal et al., 2020), we might, there-
fore, expect to observe changes in nematode abundance between
land-use types and land-use intensity.

In addition to understanding how total abundances of taxonomic
groups vary under different land uses, it is important to determine
how abundance changes within different functional or trophic
groups are affected. Higher trophic level species are believed to be
more vulnerable to anthropogenic pressures than those lower down
(Barnes et al., 2014; Purvis et al., 2000). For example, a global anal-
ysis of multiple taxonomic groups showed that carnivores are dis-
proportionately negatively affected by human land use compared
to the abundances of animals within other trophic groups (Newbold
et al., 2020). Furthermore, land-use intensification can cause mul-
titrophic homogenisation of both belowground and aboveground
biodiversity (Gossner et al., 2016) and the effect of different soil
characteristics on nematode abundance varies between trophic
groups (Nielsen et al., 2014). Changes in the trophic structure of
communities can have huge impacts on ecosystem functioning and
are particularly important to consider for nematodes due to their
pivotal roles in the soil food web and carbon and nutrient cycles
(Hunt & Wall, 2002; van den Hoogen et al., 2019).

Li et al. (2022) show that abundance differences between
managed and unmanaged habitats vary between trophic groups
(Table 1), which can impact the functional composition of nematode
communities. For example, anthropogenic influences in terms of

management and urbanisation appear particularly beneficial to al-
ready numerically dominant bacterivores and herbivores, whilst the
negative effects of management were observed in omnivores and
predators in urban regions. These changes will alter the soil food
web and may impact ecosystem functioning (Setala, 2002), although
the degree to which these changes will occur depend on soil commu-
nity stability mechanisms (Hunt & Wall, 2002). For example, Kostin
et al. (2021) showed that soil microbial biomass stability was in fact
higher in intensively managed meadows than other less-intensive
agricultural land-use types.

Li et al. (2022) suggest that the increase in abundance of bacteri-
vores and herbivores in human modified habitats may be a result of
the increased nutrient addition that accompanies human activities,
for exampl fertiliser addition or the use of cover crops, which pro-
mote plant growth, and in turn benefit microbes and microbivores.
This corresponds with previous findings that the proportion of the
nematode community consisting of bacterivores increases with ag-
ricultural management intensity (Yeates, 1999). They also use this
mechanism to explain why the hypothesis that higher trophic levels
are more negatively affected by management was only observed in
urban areas; the positive impact of an increase in abundance of their
prey (bacterivores and fungivores) may outweigh the negative im-
pact of human activities.

Climate can also be an important driver of nematode abun-
dance (Song et al., 2017). Management, however, appears to aug-
ment this relationship with the positive effect of precipitation
and the negative effect of mean temperature both weakened
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FIGURE 1 Management and land-use impacts on total
nematode abundance and the relationship between abundance

and climatic factors: (a) The least means from mixed effect models
of total nematode abundance from unmanaged (circles) and
managed (triangles) habitats. Significant relationships between total
nematode abundance and (b) mean annual temperature (MAT) and
(c) annual precipitation showing that management (dashed lines)
weakened the relationships in managed habitats (Figure adapted
from Li et al., 2022).

in managed compared to unmanaged habitats (Li et al., 2022;
Figure 1b,c). This matches results previously found at more local
scales (Li et al., 2020; Vazquez et al., 2019). This interaction be-
tween climate and land-use intensity can make the impact of fu-
ture climate change difficult to predict. Land use may reduce the
resilience of species to climate change and vice versa (Schulte to
Bihne et al., 2021).

Given theimportant role of nematodes, as well as other soil fauna,
in ecosystem functioning, understanding how management and an-
thropogenic activity influence their abundance is a vital knowledge
gap that needs addressing. The results of Li et al. (2022) challenge
the general consensus that the intensive management of habitats
leads to declines in species abundances, particularly of those at
higher trophic levels. In fact, human activity can increase nematode
abundance for many trophic groups. This is a striking result as not
only does it contrast with global scale analyses of aboveground di-
versity (e.g. Newbold et al., 2015) but also may have serious con-
sequences for soils and their functioning across large spatial scales
through trophic restructuring (Setald, 2002). Combined with a

weakened effect of climate and soil organic carbon on abundance
under human-modified habitats, this by no means suggests that in-
tensive management is beneficial for belowground biodiversity as
species abundances become less regulated by environmental filter-
ing and the natural balance of the soil ecosystem is perturbed.

CONFLICT OF INTEREST

The author has no conflict of interest to declare.

DATA AVAILABILITY STATEMENT
Data have not been archived because this article does not use data.

ORCID

Hannah J. White " https://orcid.org/0000-0002-6793-8613

REFERENCES

Allan, E., Manning, P., Alt, F., Binkenstein, J., Blaser, S., Bluthgen, N.,
Bohm, S., Grassein, F., Holzel, N., Klaus, V. H., Kleinebecker, T.,
Morris, E. K., Oelmann, Y., Prati, D., Renner, S. C., Rillig, M. C.,
Schaefer, M., Schloter, M., Schmitt, B., ... Fischer, M. (2015). Land
use intensification alters ecosystem multifunctionality via loss of
biodiversity and changes to functional composition. Ecology Letters,
18(8), 834-843. https://doi.org/10.1111/ele. 12469

Bardgett, R. D., & van der Putten, W. H. (2014). Belowground biodi-
versity and ecosystem functioning. Nature, 515(7528), 505-511.
https://doi.org/10.1038/nature13855

Barnes, A. D., Jochum, M., Mumme, S., Haneda, N. F., Farajallah, A,
Widarto, T. H., & Brose, U. (2014). Consequences of tropical land
use for multitrophic biodiversity and ecosystem functioning. Nature
Communications, 5, 1-7. https://doi.org/10.1038/ncommsé6351

Gossner, M. M., Lewinsohn, T. M., Kahl, T., Grassein, F., Boch, S., Prati,
D., Birkhofer, K., Renner, S. C., Sikorski, J., Wubet, T., Arndt, H.,
Baumgartner, V., Blaser, S., Bluthgen, N., Bérschig, C., Buscot, F.,
Dlekétter, T., Jorge, L. R., Jung, K., ... Allan, E. (2016). Land-use in-
tensification causes multitrophic homogenization of grassland com-
munities. Nature, 540(7632), 266-269. https://doi.org/10.1038/
nature20575

Hunt, H. W., & Wall, D. H. (2002). Modelling the effects of loss of soil bio-
diversity on ecosystem function. Global Change Biology, 8(1), 33-50.
https://doi.org/10.1046/j.1365-2486.2002.00425.x

Kostin, J. E., Cesarz, S., Lochner, A., Schadler, M., Macdonald, C. A., &
Eisenhauer, N. (2021). Land-use drives the temporal stability and
magnitude of soil microbial functions and modulates climate ef-
fects. Ecological Applications, 31(5), 1-16. https://doi.org/10.1002/
eap.2325

Li, X., Liu, T, Li, H., Geisen, S., Hu, F., & Liu, M. (2022). Management ef-
fects on soil nematode abundance differ among functional groups
and land use types at a global scale. Journal of Animal Ecology.
https://doi.org/10.1111/1365-2656.13744

Li, X., Zhu, H., Geisen, S., Bellard, C., Hu, F., Li, H., Chen, X., & Liu, M.
(2020). Agriculture erases climate constraints on soil nematode
communities across large spatial scales. Global Change Biology,
26(2), 919-930. https://doi.org/10.1111/gcb.14821

Neal, A. L., Bacg-Labreuil, A., Zhang, X., Clark, I. M., Coleman, K.,
Mooney, S. J., Ritz, K., & Crawford, J. W. (2020). Soil as an extended
composite phenotype of the microbial metagenome. Scientific
Reports, 10(1), 1-16. https://doi.org/10.1038/s41598-020-67631-0

Newbold, T., Bentley, L. F,, Hill, S. L. L., Edgar, M. J., Horton, M,, Su, G.,
Sekercioglu, C. H., Collen, B., & Purvis, A. (2020). Global effects of
land use on biodiversity differ among functional groups. Functional
Ecology, 34(3),684-693.https://doi.org/10.1111/1365-2435.13500


https://orcid.org/0000-0002-6793-8613
https://orcid.org/0000-0002-6793-8613
https://doi.org/10.1111/ele.12469
https://doi.org/10.1038/nature13855
https://doi.org/10.1038/ncomms6351
https://doi.org/10.1038/nature20575
https://doi.org/10.1038/nature20575
https://doi.org/10.1046/j.1365-2486.2002.00425.x
https://doi.org/10.1002/eap.2325
https://doi.org/10.1002/eap.2325
https://doi.org/10.1111/1365-2656.13744
https://doi.org/10.1111/gcb.14821
https://doi.org/10.1038/s41598-020-67631-0
https://doi.org/10.1111/1365-2435.13500

WHITE

Journal of Animal Ecology | 1739

Newbold, T., Hudson, L. N., Hill, S. L. L., Contu, S., Lysenko, l., Senior,
R. A, Borger, L., Bennett, D. J., Choimes, A., Collen, B., Day, J., De
Palma, A., Diaz, S., Echeverria-Londofo, S., Edgar, M. J., Feldman,
A., Garon, M., Harrison, M. L. K., Alhusseini, T,, ... Purvis, A. (2015).
Global effects of land use on local terrestrial biodiversity. Nature,
520(7545), 45-50. https://doi.org/10.1038/nature14324

Nielsen, U. N., Ayres, E., Wall, D. H., Li, G., Bardgett, R. D., Wu, T., &
Garey, J. R. (2014). Global-scale patterns of assemblage structure
of soil nematodes in relation to climate and ecosystem proper-
ties. Global Ecology and Biogeography, 23(9), 968-978. https://doi.
org/10.1111/geb.12177

Phillips, H. R. P., Cameron, E. K., Ferlian, O., Turke, M., Winter, M., &
Eisenhauer, N. (2017). Red list of a black box. Nature Ecology &
Evolution, 1(4), 0103. https://doi.org/10.1038/s41559-017-0103

Pothula, S. K., Grewal, P. S., Auge, R. M., Saxton, A. M., & Bernard, E.
C. (2019). Agricultural intensification and urbanization negatively
impact soil nematode richness and abundance: A meta-analysis.
Journal of Nematology, 51(1), 1-17. https://doi.org/10.21307/jofne
m-2019-011

Purvis, A., Gittleman, J. L., Cowlishaw, G., & Mace, G. M. (2000).
Predicting extinction risk in declining species. Proceedings of the
Royal Society of London. Series B: Biological Sciences, 267(1456),
1947-1952. https://doi.org/10.1098/rspb.2000.1234

Raymond, M. R., Wharton, D. A., & Marshall, C. J. (2013). Factors de-
termining nematode distributions at Cape Hallett and Gondwana
station, Antarctica. Antarctic Science, 25(3), 347-357. https://doi.
org/10.1017/s0954102012001162

Schulte to Biihne, H., Tobias, J. A., Durant, S. M., & Pettorelli, N. (2021).
Improving predictions of climate change-land use change inter-
actions. Trends in Ecology & Evolution, 36(1), 29-38. https://doi.
org/10.1016/j.tree.2020.08.019

Seibold, S., Gossner, M. M., Simons, N. K., Blithgen, N., Miiller,
J., Ambarli, D., Ammer, C., Bauhus, J., Fischer, M., Habel, J.
C., Linsenmair, K. E., Nauss, T., Penone, C., Prati, D., Schall, P,,
Schulze, E. D., Vogt, J., Wéllauer, S., & Weisser, W. W. (2019).
Arthropod decline in grasslands and forests is associated with
landscape-level drivers. Nature, 574(7780), 671-674. https://doi.
org/10.1038/s41586-019-1684-3

Setala, H. (2002). Sensitivity of ecosystem functioning to changes in tro-
phic structure, functional group composition and species diversity
in belowground food webs. Ecological Research, 17(2), 207-215.
https://doi.org/10.1046/j.1440-1703.2002.00480.x

Song, D., Pan, K., Tariq, A., Sun, F., Li, Z., Sun, X., Zhang, L., Olusanya,
0. A., & Wu, X. (2017). Large-scale patterns of distribution and di-
versity of terrestrial nematodes. Applied Soil Ecology, 114, 161-169.
https://doi.org/10.1016/j.aps0il.2017.02.013

van den Hoogen, J., Geisen, S., Routh, D., Ferris, H., Traunspurger,
W., Wardle, D. A., de Goede, R. G. M., Adams, B. J., Ahmad,
W., Andriuzzi, W. S., Bardgett, R. D., Bonkowski, M., Campos-
Herrera, R., Cares, J. E., Caruso, T., de Brito Caixeta, L., Chen, X.,
Costa, S. R., Creamer, R., ... Crowther, T. W. (2019). Soil nematode
abundance and functional group composition at a global scale.
Nature, 572(7768), 194-198. https://doi.org/10.1038/s4158
6-019-1418-6

Vazquez, C.,de Goede, R. G. M., Korthals, G. W., Rutgers, M., Schouten, A.
J., & Creamer, R. (2019). The effects of increasing land use intensity
on soil nematodes: A turn towards specialism. Functional Ecology,
33(10), 2003-2016. https://doi.org/10.1111/1365-2435.13417

White, H. J., Ledn-Sanchez, L., Burton, V. J., Cameron, E. K., Caruso,
T., Cunha, L., Dirilgen, T., Jurburg, S. D., Kelly, R., Kumaresan, D.,
Ochoa-Hueso, R., Ordonez, A., Phillips, H. R. P., Prieto, I., Schmidt,
0., & Caplat, P. (2020). Methods and approaches to advance soil
macroecology. Global Ecology and Biogeography, 2020, 1674-1690.
https://doi.org/10.1111/geb.13156

Yeates, G. W. (1999). Effects of plants on nematode community struc-
ture. Annual Review of Phytopathology, 37, 127-149. https://doi.
org/10.1146/annurev.phyto.37.1.127

How to cite this article: White, H. J. (2022). The global impact
of management on soil nematode abundances. Journal of
Animal Ecology, 91, 1736-1739. https://doi.org/10.1111/1365-
2656.13765



https://doi.org/10.1038/nature14324
https://doi.org/10.1111/geb.12177
https://doi.org/10.1111/geb.12177
https://doi.org/10.1038/s41559-017-0103
https://doi.org/10.21307/jofnem-2019-011
https://doi.org/10.21307/jofnem-2019-011
https://doi.org/10.1098/rspb.2000.1234
https://doi.org/10.1017/s0954102012001162
https://doi.org/10.1017/s0954102012001162
https://doi.org/10.1016/j.tree.2020.08.019
https://doi.org/10.1016/j.tree.2020.08.019
https://doi.org/10.1038/s41586-019-1684-3
https://doi.org/10.1038/s41586-019-1684-3
https://doi.org/10.1046/j.1440-1703.2002.00480.x
https://doi.org/10.1016/j.apsoil.2017.02.013
https://doi.org/10.1038/s41586-019-1418-6
https://doi.org/10.1038/s41586-019-1418-6
https://doi.org/10.1111/1365-2435.13417
https://doi.org/10.1111/geb.13156
https://doi.org/10.1146/annurev.phyto.37.1.127
https://doi.org/10.1146/annurev.phyto.37.1.127
https://doi.org/10.1111/1365-2656.13765
https://doi.org/10.1111/1365-2656.13765

	The global impact of management on soil nematode abundances
	Abstract
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


