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Abstract

1. Anthropogenic land use is threatening global biodiversity. As one of the most

abundant animals on Earth, nematodes occupy several key positions in below-
ground food webs and contribute to many ecosystem functions and services.
However, the effects of land use on nematode abundance and its determinants

remain poorly understood at a global scale.

. To characterize nematodes' responses to land use across trophic groups, we

used a dataset of 6,825 soil samples globally to assess how nematode abun-
dance varies among regional land-use types (i.e. primary vegetation, second-
ary vegetation, pasture, cropland and urban) and local land-use intensities (i.e.
human-managed or not). We also quantified the interactive effects of land use
and environmental predictors (i.e. mean annual temperature, annual precipita-
tion, soil organic carbon, soil pH, global vegetation biomass and global vegeta-

tion productivity) on nematode abundance.

. We found that total nematode abundance and the abundance of bacterivores,

fungivores, herbivores, omnivores and predators generally increased or were not
affected under management across land-use types. Specifically, the most numeri-
cally abundant bacterivores were higher in managed than in unmanaged secondary
vegetation habitats and urban areas, and herbivores were more abundant in man-
aged than in unmanaged primary and secondary vegetation habitats. Furthermore,
the numbers of significant environmental predictors of nematode abundance were
reduced and the magnitude and the direction of the predictors were changed under
management. We also found that nematode abundance was more variable and less

determined by environmental factors in urban than in other land-use types.

. These findings challenge the view that human land use decreases animal abun-

dance across trophic groups, but highlight that land use is altering the trophic
composition of soil nematodes and its relationships with the environment at the

global scale.
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1 | INTRODUCTION

Species abundance is sensitive to environmental and human-induced
changes. Global declines in species abundance have been widely
documented, and such declines could cascade onto ecosystem
functioning and ultimately human well-being (Bowler et al., 2017;
Butchart et al., 2010; Dirzo et al., 2014). Changes in land-use type
from natural to managed ecosystems usually result in a decline
in abundance of many aboveground taxa (Seibold et al., 2019;
Sekercioglu et al.,, 2019; Wagner, 2020). Numerous studies have
demonstrated that impacts of human land use vary among trophic
groups, and those species at higher trophic levels are more threat-
ened (Barnes et al., 2014, 2017; Le Provost et al., 2020; Newbold
et al., 2014; Newbold, Bentley, et al., 2020; Purvis et al., 2000;
Seibold et al., 2019; Simons et al., 2016; Soliveres et al., 2016). For
example, fruit-, nectar-, and invertebrate-feeding birds are dispro-
portionately decreasing under land-use change in tropical forests
(Newbold et al., 2014), predacious invertebrates are most heavily
affected after the transformation of land use from forests to plan-
tations (Barnes et al., 2014). A global synthesis covering a wide set
of animal species concludes that human land use reduces the abun-
dance of carnivores more strongly than animals in lower trophic
groups (Newbold, Bentley, et al., 2020). However, all these studies
pay attention to aboveground biodiversity, while a comprehensive
assessment on potential impacts of human land use on below-
ground biodiversity remains limited beyond the local scale (but see
Johnston, 2019; Wan et al., 2021).

Belowground organisms represent a major fraction of life on
Earth and contribute to many critical ecosystem functions and ser-
vices (Bardgett & van der Putten, 2014; Paul, 2015). As an important
part of soil biodiversity, nematodes are the most abundant and func-
tionally diverse animals (Bongers & Bongers, 1998; van den Hoogen
et al., 2019). Indeed, nematode species are placed across the en-
tire soil food web and include bacterivores, fungivores, herbivores,
omnivores and predators (Neher, 2001; Yeates et al., 1993). Our
knowledge of large-scale biogeographic patterns of soil nematodes
has increased substantially in recent years (Wu et al., 2011; Nielsen
et al., 2014; Song et al., 2017; van den Hoogen et al., 2019; Li, Zhu,
etal., 2020). Also, a wealth of studies have shown that nematodes are
affected by human land use at the local scale (Bongers et al., 1997;
Li, Peng, & Zhao, 2020; Neher, 2010; Pothula et al., 2019; Yeates &
Bongers, 1999; Zhao & Wang, 2021). But not all functional groups
and taxa respond in the same way to land use changes. For example,
large-bodied omnivores and predators at higher trophic levels are re-
duced in managed than in natural sites, while the small-bodied bac-
terivores and herbivores at lower trophic levels often show opposite
patterns (Bongers et al., 1997; Neher, 2010; Pothula et al., 2019;
Yeates & Bongers, 1999). In addition, the physicochemical drivers of
nematode abundance differ between functional groups, with bacte-
rivorous and fungivorous nematodes being affected most strongly
by soil characteristics, while herbivores are shaped predominantly
by vegetation (Liu, Whalen, et al., 2016; Nielsen et al., 2014; van
den Hoogen et al., 2019; Yeates & Bongers, 1999). This differential

sensitivity is the basis for nematode community-based soil health
assessments (Bongers & Ferris, 1999; Neher, 2001; Yeates, 2003).
Yet, all these knowledge are mainly tested in studies conducted at
limited geographic scales. It remains unknown whether these tro-
phic groups respond to environmental factors (e.g. climate, soil and
vegetation) in a similar way across different land-use types at a
global scale.

Based on a global database of soil nematode abundance includ-
ing trophic group information (van den Hoogen et al., 2019, 2020a),
we aimed to test the hypothesis that human land use, particularly
increasing land-use intensity will reduce nematode abundance at
a global scale with especially strong effects on higher trophic level
organisms. We also examined whether the relationships between
nematode abundance and environmental factors are consistent

among land uses and trophic groups.

2 | MATERIALS AND METHODS

2.1 | Data collection

2.1.1 | Nematode abundance

This study did not require ethical approval. Nematode data were ob-
tained from van den Hoogen et al. (2020b). This dataset contains
global information about soil nematode abundance (number of nem-
atodes per 100g dry soil) and functional group composition (i.e. bac-
terivores, fungivores, herbivores, omnivores and predators). It is the
most comprehensive and up-to-date dataset about soil nematodes
at a global scale, which includes 6,825 samples collected in the top

15cm of soils from all continents and almost all biomes (Figure S1).

2.1.2 | Landuses

As it is a great challenge to gather and standardize detailed land use
information of nearly 7,000 samples collected from a wide range of
published and unpublished studies (van den Hoogen et al., 2019),
we adopted two steps to classify land uses of all soil samples. First,
as ecological processes could be mediated by large-scale controls
(e.g. the generation of global biomes and realms), we supposed that
nematode abundance could be affected by regional differences in
land use. Therefore, the land-use type of each soil sample was de-
termined based on a spatial dataset at a relatively coarse resolution
relative to nematodes. Specifically, we adopted five regional land-
use types, namely primary habitat (undisturbed natural habitat),
secondary habitat (recovering, previously disturbed natural habitat),
pasture (land used for the grazing of livestock), cropland (land used
for crop production) and urban (land converted to dense urban set-
tlement). We labelled each soil sample as one of these five types (i.e.
the predominant land-use type) according to a land-use map at 30
arc-seconds (=1 km?) resolution (Hoskins et al., 2016). This global
dataset is refined from the 0.5° Land-use Harmonization data with
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fine-grained climate, land cover, landform and anthropogenic influ-
ence layers, making it a meaningful and comparable land-use data-
set at a spatial grain relevant to many ecological processes (Hoskins
et al., 2016). As this dataset was also validated using PREDICTS, a
widely used global database of how local terrestrial biodiversity re-
sponds to human impacts (Hudson et al., 2014), findings based on
this dataset might be comparable with some other land-use research
(Millard et al., 2021; Newbold et al., 2015; Newbold, Oppenheimer,
et al.,, 2020). Additionally, the five classes used here are formerly
defined in representative concentration pathways harmonized
land-use estimates for land use projections in the future (Hurtt
et al., 2011). Therefore, this classification has the potential to con-
nect current patterns with future predictions in land-use research
(Hoskins et al., 2016).

Second, we used precise land use information provided by data
contributors, which were originally obtained in a binary format
(managed or not). The samples were conservatively assigned as un-
managed (no documented or observed direct human disturbance) or
managed (more or less disturbed by various human activities like fer-
tilization, tillage, grazing, logging, etc.) (treated as land-use intensity
here) within each land-use type (Figure S1). We adopted this simple
classification mainly because it is difficult to consistently quantify
the intensity across different categories (e.g. fertilization vs. grazing;
fertilization with nitrogen vs. with phosphorus) of human activity,
although this classification may potentially reduce the difference in
land-use intensity among samples. As the land-use type and intensity
were obtained from different sources and in different resolutions,
we suggest that it is possible to find some unusual combinations of
land-use type and intensity. For instance, a regional cropland could
have some unmanaged natural forest, and a regional urban area may
contain unmanaged countryside. Nevertheless, caution should be
exercised in explaining the direct impacts of the land uses adopted
in current study, as the actual land-use type and intensity are de-
termined by the local climatic and socio-economic conditions of the
sampling time, although the uncertainties might be limited at a global
scale (Tuanmu & Jetz, 2014). The factors of land-use type and inten-
sity were further combined as a single variable (i.e. land use index,
LUI) (Millard et al., 2021), because models including only LUl were
far better than those models with only land-use type or intensity,
and were statistically equivalent to the models containing land-use
type, intensity, and their interaction (Table S1). Generally, the num-
ber of sites was considerable in each LUI level (103-1,721 sites) in
our study (Table S2).

2.1.3 | Climatic, soil and vegetation variables

The following variables were also compiled by van den Hoogen
et al. (2020a). Specifically, annual mean temperature (AMT) and annual
precipitation (AP) were originally obtained from WorldClim (version 2;
http://www.worldclim.org). Soil organic carbon (SOC) and soil pH were
extracted from SoilGrids (https://www.soilgrids.org/). Vegetation in-
formation including global vegetation biomass (carbon density) and

productivity (NDVI, the normalized difference vegetation index) was
obtained from Google Earth Engine (https://developers.google.com/
earth-engine/datasets). All these spatial layers were re-sampled and
re-projected to a unified pixel grid at 30 arc-seconds resolution first,
and then were used to extract the values of the predictors for each
sampling site (van den Hoogen et al., 2020a). We did not consider more
variables in this study as other variables are normally highly correlated
with the above-mentioned. Moreover, including too many terms in a
statistical model may cause overfitting especially when the interac-

tions between predictors are considered (see Section 2.2.2).

2.2 | Statistical analyses

2.21 | Responses of nematode abundance to LUI
General linear mixed-effects models were used to determine the
responses of nematode abundance to LUl across trophic groups.
Data provider was treated as a random effect to account for poten-
tial differences in sampling and analysis methods, and the selection
of sampling sites. LUl was considered as a fixed effect. Nematode
abundance was log10-transformed to improve normality (Millard
et al., 2021; van den Hoogen et al., 2019). Likelihood ratio tests
suggested that mixed models were indeed far better than models
without random terms across trophic groups (Table S3). Pairwise
comparisons were performed using r package EMMEANS at the lev-
els of LUl in the mixed models, and p-values were adjusted with
Tukey's correction (Lenth et al., 2019). We also calculated the per-
centage difference in nematode abundance among LUI levels, with
the unmanaged primary habitat as baseline, to characterize effect
sizes. Briefly, fixed effects were randomly simulated based on the
variance-covariance matrix in the mixed model, and each fixed ef-
fect within each draw was expressed as a percentage of the baseline.
Then, median values and 95% confidence intervals (2.5th and 97.5th
percentiles) were calculated based on 1,000 simulations for each LUI
level (Millard et al., 2021; Newbold et al., 2015).

2.2.2 | Interactive effects of LUl and environmental
predictors on nematode abundance

As the relationships between nematode abundance and environ-
mental factors could differ among LUI levels, we assessed the ef-
fects of interactions between LUl and main environmental factors
(including climatic, soil and vegetation variables) on nematode abun-
dance across trophic groups, using linear mixed-effects models with
data provider as random variable. Two steps were adopted here.
First, we evaluated the relative importance of each environmental
factor on abundance through comparing the performance of models
including LUI, each predictor, and their interaction based on models'
Akaike Information Criterion (AIC) values (i.e. models with a single
environmental predictor). Annual precipitation, SOC and vegetation
biomass were log10-transformed before modelling.
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Second, to comprehensively model nematode abundance, we
also built and simplified models including all the predictors simul-
taneously for each trophic group. Specifically, we first built a full
model including LUI, all the six predictors, and the interactions be-
tween LUl and each predictor. Then, backward stepwise variable
selection was conducted to simplify the model. The interaction
terms were tested and removed first, and if an interaction term
was significant then all its components were retained regardless
of their significance as single terms. Fit of the candidate models
was compared based on likelihood ratio tests using r package
StaTisTiIcALMoDELs (Newbold et al., 2015; https://github.com/timne
wbold/StatisticalModels). Furthermore, as interactions between
LUI and each predictor were included in the final models (i.e. the
relationship between each predictor and abundance depended on
LUI level), the significance of slope of each predictor trend was
determined for each LUI level using the emtrends function in em-
MEANS package based on those best models (Lenth et al., 2019). The
impacts of each predictor on nematode abundance across the LUI
levels were also predicted and visualized using a randomization
procedure. Specifically, we randomly drew fixed effects of those
predictors based on the variance-covariance matrix in the best
mixed model. Then, these fixed effects were used to predict the
abundance on a specific predictor with all other predictors held
constant. This procedure was repeated 1,000 times. The median
and 95% confidence intervals of the 1,000 predicted abundance
values were calculated for visualization for each predictor (Millard
et al., 2021; Newbold, Oppenheimer, et al., 2020).

Total

Bacterivores

All the analyses were conducted for total abundance (includ-
ing unidentified individuals) and for the abundance of five trophic
groups (i.e. bacterivore, fungivore, herbivore, omnivore and preda-
tor) separately in R v.4.0.3 (R Core Team, 2020).

3 | RESULTS

3.1 | Soil nematode abundance among LUI levels

Medians of raw abundance were generally higher in managed than
in unmanaged soils across trophic groups, especially in those highly
human-disturbed habitats such as pasture, cropland and urban ones
(Table S4). Mixed models showed that nematode abundance was
significantly influenced by LUl across trophic groups (total nema-
todes, F = 10.275; bacterivores, F = 8.556; fungivores, F = 6.767,
herbivores, F = 10.605; omnivores, F = 17.552; predators, F = 5.015;
all p<0.001). Least-squares means based on the mixed models
suggested that managed primary and secondary lands supported
greater total and herbivorous nematodes than the corresponding
unmanaged lands (all adjusted p<0.05; Figure 1). Correspondingly,
results of our predicted models based on randomization of the fixed
effects also demonstrated that abundances of total (percentage in-
crease: primary, 32%; secondary, 67%) and herbivorous (percentage
increase: primary, 75%; secondary, 108%) nematodes were higher in
primary and secondary habitats in managed than in unmanaged soils

(Figure S2). Similarly, more bacterivores were found in managed than
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in unmanaged secondary vegetation (percentage increase: 56%) and
urban (percentage increase: 201%). Fungivores were more abundant
in urban regions (percentage increase: 270%) but less abundant in
pasture lands (percentage decrease: 33%) under management. Less
predatory nematodes were detected in managed than in unman-
aged urban areas (percentage decrease: 80%; p<0.05; Figure 1,
Figure S2).

Cropland supported more total, bacterivorous and herbivorous
nematodes than the primary and secondary habitats, when the land-
use intensity was not considered in the mixed models (all p<0.05;
Figure S3). Secondary habitat, pasture, cropland and urban favoured
higher abundances of total, bacterivorous and herbivorous nema-
todes compared with primary habitats (percentage increase: 25%,
32%, 48% and 27% for total; 7%, 26%, 37% and 64% for bacteri-
vores; 17%, 41%, 81% and 89% for herbivores) (Figure S4). Urban
areas decreased omnivorous nematodes by 70%-80% (Figures S3
and S4), but did not affect total, fungivorous and predatory abun-
dance compared with other land-use types due to high variations
of abundance in urban regions (Figure S3). We also found that man-
aged lands harboured more total, bacterivores and herbivores but
fewer omnivores than unmanaged lands, irrespective of the influ-
ence of land-use types (all p<0.05; Figure S5). Generally, manage-
ment raised the abundance of total, bacterivorous and herbivorous
nematodes by 18%, 23%, and 40%, but decreased omnivores by 19%
(Figure S6).

3.2 | Interactions between LUl and environmental
predictors on nematode abundance

Including a climatic, soil or vegetation predictor in a model sig-
nificantly improved its performance compared with a model that
included only LUl across trophic groups (likelihood-ratio test, all
;(2>50, all p<0.001, Table 1). Generally, SOC was the most impor-
tant predictor of nematode abundance across trophic groups as
models containing SOC had relatively small AIC values (ranking first
or second among the predictors), although bacterivores and preda-
tors were best explained by AMT and NDVI respectively (Table 1).
The results of backward stepwise selection based on models
including all the predictors showed that nearly all the fixed terms
were retained, except that the interaction between LUl and NDVI
was removed for predators (Table S5). The best models showed that
the relationships between nematode abundance and environmental
predictors differed among LUI levels and trophic groups (Figures 2
and 3; Figures S7-513). Generally, more significant predictors were
found in unmanaged (especially in primary habitats) than in managed
areas, and most of the predictors were positively correlated with
nematode abundance except that MAT was negatively correlated
with nematode abundance (Figure 2; Figure S7). MAT only had a
positive effect on abundance under management in certain land-use
types for specific trophic groups, such as fungivores in pasture, omni-
vores in secondary vegetation, pasture, cropland and urban regions,
and predators in urban regions (Figure 3; Figure S8). Similarly, the

generally positive effects of AP were changed under management.
For instance, bacterivores in cropland, omnivores and predators in
both secondary vegetation and urban were all negatively correlated
with AP under management (Figure 3; Figure S9). In contrast, the
effects of SOC were not always positive across land-use types in
unmanaged lands. For example, nematodes in unmanaged pastural
lands were negatively associated with SOC (Figures 3; Figure S10).
Soil pH was positively related with nematode abundance in unman-
aged areas (excluding fungivores and predators in pastural areas, and
herbivores in secondary lands), but negatively related with nematode
abundance in managed lands (excluding fungivores and predators in
pastural areas) (Figures 3; Figure S11). The effects of vegetation bio-
mass varied substantially. For instance, bacterivores and herbivores
largely declined, but fungivores and predators mainly increased with
increasing vegetation biomass (Figure 3; Figure $12). NDVI generally
had positive effects on nematode abundance in most situations, ex-
cept for fungivores in primary habitats under management (Figure 3;
Figure S13).

4 | DISCUSSION

Overall, we found that nematode abundance was generally higher
in managed than in unmanaged primary and secondary habitats,
and was comparable between land-use intensities in other land-
use types. This finding did not support our hypothesis that human
land use generally reduces nematode abundance at a global scale,
and contrasts with findings from aboveground biodiversity (Barnes
et al., 2014; Le Provost et al., 2020; Newbold, Bentley, et al., 2020;
Seibold et al., 2019; Sekercioglu et al., 2019; Soliveres et al., 2016;
Wagner, 2020). Our results also suggest that the numerically domi-
nant bacterivores and herbivores are especially benefiting from
human influence such as management and urbanization. Since
human activities always introduce additional nutrients (e.g. ferti-
lizers and cover crop) to promote plant growth, the increased sub-
strates are supposed to favour more microbes, thereby boosting
the growth of microbial consumers (Gurr et al., 2003; Liu, Chen,
et al., 2016; Neher, 2010; Ratnadass et al., 2012; Yeates, 1999). The
hypothesis that nematodes at higher trophic levels (e.g. omnivores
and predators) would be more negatively affected by management is
only observed in urban regions. This could be because the increase
in their food resources like microbivorous nematodes (e.g. bacteriv-
ores and fungivores) may offset the negative disturbance of human
activities on those nematodes at higher trophic levels. In addition,
a decrease in the relative abundance of omnivores and predators
could be simply due to the fact that opportunistic nematodes (e.g.
microbivores) have higher population turnover than those that per-
sist (e.g. omnivores and predators), while the absolute abundance
of omnivores and predators do not always decrease under manage-
ment (Bongers & Ferris, 1999; Ferris et al., 2001).

It is worth mentioning that although total nematode abundance
was similar between urban and other land-use types or between
land-use intensities within urban regions, the trophic composition
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TABLE 1 Comparisons of mixed models including LUl (a combined variable of land-use type and intensity), a single environmental
predictor, and their interaction across trophic groups. The models were sorted according to AIC (Akaike information criterion) values for
each trophic group. Models with smaller AIC values are better, and the best models were shown in bold. The statistics (;(2, chi-squared
value) obtained from likelihood-ratio tests are used to determine if including a specific predictor is better than using LUl alone in explaining
nematode abundance. AMT, annual mean temperature; AP, annual precipitation; biomass, vegetation biomass carbon density; df, degrees of
freedom; loglLik, log-likelihood value; NDVI, the normalized difference vegetation index; SOC, soil organic carbon

Group Predictor AIC AAIC logLik xz (df, p)

Total SOCxLUI 8,215.78 0.00 -4,085.89 651.18 (10, <0.001)
AMT x LUI 8,350.37 134.60 -4,153.19 516.58 (10, <0.001)
APxLUI 8,407.23 191.46 -4,181.62 459.72 (10, <0.001)
NDVIxLUI 8,465.45 249.68 -4,210.73 401.50 (10, <0.001)
pHxLUI 8,491.53 275.76 -4,223.77 375.42 (10, <0.001)
Biomass x LUI 8,699.43 483.65 -4,327.71 167.52 (10, <0.001)
LUI 8,846.95 631.18 -4,411.48 -

Bacterivores AMT x LUI 9,758.97 0.00 -4,857.48 402.93 (10, <0.001)
SOCxLUI 9,770.56 11.59 -4,863.28 391.33 (10, <0.001)
NDVIxLUI 9,931.41 172.44 -4,943.71 230.48 (10, <0.001)
APxLUI 9,965.73 206.76 -4,960.87 196.16 (10, <0.001)
pHxLUI 9,990.09 231.12 -4,973.05 171.80 (10, <0.001)
Biomass x LUI 10,015.65 256.68 -4,985.82 146.25 (10, <0.001)
LUI 10,141.90 382.93 -5,058.95 =

Fungivores SOCxLUI 12,366.50 0.00 -6,161.25 281.21 (10, <0.001)
pH X LUI 12,382.07 15.57 -6,169.03 265.65 (10, <0.001)
APxLUI 12,398.48 31.98 -6,177.24 249.24 (10, <0.001)
NDVIxLUI 12,402.85 36.35 -6,179.43 244.86 (10, <0.001)
AMT x LUI 12,438.75 72.25 -6,197.38 208.96 (10, <0.001)
Biomass x LUI 12,481.97 115.47 -6,218.99 165.74 (10, <0.001)
LUI 12,627.71 261.21 -6,301.86 -

Herbivores SOCxLUI 13,697.6 0.00 -6,826.8 452.91 (10, <0.001)
APxLUI 13,764.24 66.64 -6,860.12 386.27 (10, <0.001)
AMT x LUI 13,783.35 85.74 -6,869.67 367.16 (10, <0.001)
pHxLUI 13,832.97 135.37 -6,894.48 317.54 (10, <0.001)
NDVIxLUI 13,885.36 187.76 -6,920.68 265.15 (10, <0.001)
Biomass x LUI 13,921.61 224.00 -6,938.8 228.90 (10, <0.001)
LUI 14,130.51 43291 -7,053.26 =

Omnivores SOCxLUI 12,598.20 0.00 -6,277.10 208.80 (10, <0.001)
AMT x LUI 12,627.14 28.93 -6,291.57 179.86 (10, <0.001)
APxLUI 12,668.76 70.55 -6,312.38 138.24 (10, <0.001)
NDVIxLUI 12,708.19 109.99 -6,332.10 98.81 (10, <0.001)
pHxLUI 12,708.51 110.30 -6,332.25 98.49 (10, <0.001)
Biomass x LUI 12,756.32 158.12 -6,356.16 50.68 (10, <0.001)
LUI 12,787.00 188.80 -6,381.50 -

Predators NDVIx LUI 13,372.30 0.00 -6,664.15 223.29 (10, <0.001)
SOCx LUI 13,433.79 61.49 -6,694.90 161.80 (10, <0.001)
pHxLUI 13,436.08 63.78 -6,696.04 159.51 (10, <0.001)
APxLUI 13,449.22 76.92 -6,702.61 146.37 (10, <0.001)
AMT x LUI 13,487.02 114.72 -6,721.51 108.57 (10, <0.001)
Biomass x LUI 13,496.47 124.17 -6,726.24 99.12 (10, <0.001)

LUI 13,575.59 203.29 -6,775.80 =
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FIGURE 2 Number of land-use

types where nematode abundance was
significantly affected by a predictor
across trophic groups in unmanaged

and managed areas. The significance

of slope of each predictor for each LUI
level was determined using the emtrends
function in emMEeANs library based on

the best mixed-effects models when

all the predictors were considered
simultaneously. Warm colours show
positive effects, and cold colours show
negative effects (p <0.05). Darker colours
(warm or cold) indicate that nematode
abundance was significantly affected in
more land-use types. AMT, annual mean
temperature; AP, annual precipitation;
biomass, vegetation biomass carbon
density; NDVI, the normalized difference
vegetation index; SOC, soil organic
carbon.

FIGURE 3 Relationships between
environmental predictors and nematode
abundance among land-use types and
intensities. The relationships were
determined using a randomization
procedure based on the best mixed-
effects models for each trophic group and
each predictor when all the predictors
were considered simultaneously. Only
significant predictors are shown in

the figure. See Figures S8-513 for the
confidence intervals for each trend.
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of soil nematodes changed. For instance, higher numbers of bacte-
rivores and fungivores, but lower numbers of predators were iden-
tified in managed than in unmanaged urban regions whereas more
bacterivores and herbivores but fewer omnivores were found in
urban thanin otherland-use types. These results suggest that contin-
uous human land use (e.g. urbanization) might change soil nematode
communities and possibly their community functioning, for example,
through increasing fast-growing taxa at the expense of slow-growing
predators. This is supported by tight links between nematode-based
soil food web properties, particularly abundances of bacterivorous
nematodes and leaching of nitrogen (N) and dissolved organic car-
bon (C) across land use systems (de Vries et al., 2013). However,
the relative importance of increased abundances of bacterivorous
nematodes and changes in nematode functional group compositions
in driving N losses and reducing C sequestration in urban settings
remains to be explored.

Generally, land-use intensity weakens environmental constraints
on nematode abundance as fewer predictors were supported in
those managed habitats. This is in line with studies showing that
human activities such as agricultural management erase environ-
mental constraints on nematode communities at a regional scale
(Li, Zhu, et al., 2020; Vazquez et al., 2019). Specifically, manage-
ment weakened the negative effect of annual mean temperature
on nematode abundance, perhaps because land management dis-
turbs the natural relationship between temperature and resource
availability (i.e. soil organic matter accumulates at low temperature)
(Crowther et al., 2019; van den Hoogen et al., 2019). Management
also weakened the positive effect of annual precipitation on nem-
atode abundance, which contrasts the general expectation that
nematodes benefit from a high annual precipitation because they
inhabit water films (Neher, 2010; Song et al., 2016). This contrac-
tion might be caused by management effects that often actively
control soil moisture through irrigation. Besides, management weak-
ened the positive effect of SOC on nematode abundance, although
high correlations between SOC and nematode abundance across
trophic groups were observed in unmanaged lands. This result con-
firmed that SOC is an important soil resource driving belowground
communities (Freckman, 1988; van den Hoogen et al., 2019), but
highlights that land management such as carbon input (Liu, Chen,
et al., 2016; Page et al., 2020) may lead to considerable variation of
SOC in managed soils. Nematodes were generally more abundant
in neutral soils than in acidic soils under unmanaged regimes. This
finding might be explained by higher bacterial biomass and plant
productivity that support bacterivores and herbivores in neutral pH
(Chen et al., 2013; Fierer & Jackson, 2006; Kitagami et al., 2020). The
positive correlation between NDVI and nematode abundance across
trophic groups supports the hypothesis that nematode population
sizes increase with plant productivity, especially in unmanaged eco-
systems (Cusens et al., 2012; Evans et al., 2005).

The determinants of nematode abundance also differed between
trophic groups and land-use types. Specifically, nematodes in high tro-
phic levels (i.e. omnivores and predators) were relatively less affected
by climate (e.g. annual mean temperature and annual precipitation) in

unmanaged soils, indicating that these nematodes are more affected
by biotic factors that are mediated by resource availability (e.g. SOC
and NDVI). We also found that nematode abundance in primary hab-
itats was more determined by environmental factors than those in
highly human-disturbed ecosystems such as cropland and urban sys-
tems. A potential explanation is that some predictors have not been
included in this study, for example, plant species identity and diversity
(De Deyn et al., 2004; Penone et al., 2019) or biotic interactions with
other species (Liu et al., 2019; Mueller et al., 2016).

Given the abovediscussed alleviation of environmental deter-
minants on nematode abundance in managed soils and/or highly
human-disturbed ecosystems, we suppose that the effects of global
climate change on the nematode community and its function is cur-
rently not predictable. Effect-sizes might become disastrous in fu-
ture human land use and climate. Nevertheless, further studies with
detailed information on land use and nematode community compo-
sition obtained by standardized sampling across spatial scales are
required to verify our findings and speculations.

In conclusion, our study provides valuable information for under-
standing and predicting land-use effects on the distribution and po-
tential functioning of soil nematodes at a global scale. Future work
should follow our suggestions to increase the efforts started here
to better predict and forecast our impact on soils and soil function-
ing, especially given that the global land area is experiencing rapid
land use changes (e.g. land conversions to residential and agricultural

areas and increases in land-use intensity).

AUTHORS' CONTRIBUTIONS

X.L., H.L,, S.G,, F.H. and M.L. conceived the ideas and designed the
study; S.G. and X.L. collected the data; X.L. analysed the data; X.L.,
T.L. and S.G. led the writing of the manuscript. All authors contrib-

uted critically to the drafts and gave final approval for publication.

ACKNOWLEDGEMENTS

Special thanks are given to those scientists who spent a lot of time
and effort to collect and compile the data and kindly make the data
publicly accessible. This project was supported by the National Natural
Science Foundation of China (No. 42007024), the National Science and
Technology Fundamental Resources Investigation Program of China
(No. 2018FY100300), and the NWO-VENI grant from the Netherlands
Organization for Scientific Research (No. 016.Veni.181.078).

CONFLICT OF INTEREST

The authors declare no competing interest.

DATA AVAILABILITY STATEMENT
Data available from the Figshare Digital Repository https://doi.
org/10.6084/m9.figshare.c.4718003 (van den Hoogen et al., 2020b).

ORCID
Xianping Li ") https://orcid.org/0000-0003-4892-5953
https://orcid.org/0000-0003-0734-727X

https://orcid.org/0000-0001-6654-7795

Stefan Geisen
Mangiang Liu


https://doi.org/10.6084/m9.figshare.c.4718003
https://doi.org/10.6084/m9.figshare.c.4718003
https://orcid.org/0000-0003-4892-5953
https://orcid.org/0000-0003-4892-5953
https://orcid.org/0000-0003-0734-727X
https://orcid.org/0000-0003-0734-727X
https://orcid.org/0000-0001-6654-7795
https://orcid.org/0000-0001-6654-7795

LI ET AL.

Journal of Animal Ecology 9

REFERENCES

Bardgett, R. D., & van der Putten, W. H. (2014). Belowground biodiver-
sity and ecosystem functioning. Nature, 515, 505-511.

Barnes, A. D., Allen, K., Kreft, H., Corre, M. D., Jochum, M., Veldkamp,
E., Clough, Y., Daniel, R., Darras, K., Denmead, L. H., Farikhah
Haneda, N., Hertel, D., Knohl, A., Kotowska, M. M., Kurniawan,
S., Meijide, A., Rembold, K., Edho Prabowo, W., Schneider, D.,
... Brose, U. (2017). Direct and cascading impacts of tropical
land-use change on multi-trophic biodiversity. Nature Ecology &
Evolution, 1, 1511-1519.

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, 5351.

Bongers, T., & Bongers, M. (1998). Functional diversity of nematodes.
Applied Soil Ecology, 10, 239-251.

Bongers, T., & Ferris, H. (1999). Nematode community structure as a bio-
indicator in environmental monitoring. Trends in Ecology & Evolution,
14,224-228.

Bongers, T., van der Meulen, H., & Korthals, G. (1997). Inverse rela-
tionship between the nematode maturity index and plant parasite
index under enriched nutrient conditions. Applied Soil Ecology, 6,
195-199.

Bowler, D. E., Hof, C., Haase, P., Kroncke, I., Schweiger, O., Adrian, R.,
Baert, L., Bauer, H.-G., Blick, T., Brooker, R. W., Dekoninck, W.,
Domisch, S., Eckmann, R., Hendrickx, F., Hickler, T., Klotz, S.,
Kraberg, A., Kihn, |., Matesanz, S., ... Bohning-Gaese, K. (2017).
Cross-realm assessment of climate change impacts on species'
abundance trends. Nature Ecology & Evolution, 1, 0067.

Butchart, S. H. M., Walpole, M., Collen, B., van Strien, A., Scharlemann,
J. P. W., Almond, R. E. A., Baillie, J. E. M., Bomhard, B., Brown, C.,
Bruno, J., Carpenter, K. E., Carr, G. M., Chanson, J., Chenery, A.
M., Csirke, J., Davidson, N. C., Dentener, F., Foster, M., Galli, A.,
... Watson, R. (2010). Global biodiversity: Indicators of recent de-
clines. Science, 328, 1164-1168.

Chen, D., Lan, Z., Bai, X., Grace, J. B., & Bai, Y. (2013). Evidence that
acidification-induced declines in plant diversity and productivity
are mediated by changes in below-ground communities and soil
propertiesin a semi-arid steppe. Journal of Ecology, 101, 1322-1334.

Crowther, T. W,, van den Hoogen, J., Wan, J., Mayes, M. A, Keiser, A. D.,
Mo, L., Averill, C., & Maynard, D. S. (2019). The global soil commu-
nity and its influence on biogeochemistry. Science, 365, eaav0550.

Cusens, J., Wright, S. D., McBride, P. D., & Gillman, L. N. (2012). What is
the form of the productivity-animal-species-richness relationship?
A critical review and meta-analysis. Ecology, 93, 2241-2252.

De Deyn, G. B., Raaijmakers, C. E., Van Ruijven, J., Berendse, F., & van der
Putten, W. H. (2004). Plant species identity and diversity effects on
different trophic levels of nematodes in the soil food web. Oikos,
106, 576-586.

de Vries, F. T., Thébault, E., Liiri, M., Birkhofer, K., Tsiafouli, M. A.,
Bjgrnlund, L., Bracht Jgrgensen, H., Brady, M. V., Christensen, S.,
de Ruiter, P. C., d'Hertefeldt, T., Frouz, J., Hedlund, K., Hemerik,
L., Hol, W. H. G., Hotes, S., Mortimer, S. R., Setél3, H., Sgardelis,
S. P, ... Bardgett, R. D. (2013). Soil food web properties explain
ecosystem services across European land use systems. Proceedings
of the National Academy of Sciences of the United States of America,
110, 14296-14301.

Dirzo, R., Young, H. S., Galetti, M., Ceballos, G., Isaac, N. J., & Collen,
B. (2014). Defaunation in the Anthropocene. Science, 25, 401-406.

Evans, K. L., Warren, P. H., & Gaston, K. J. (2005). Species-energy rela-
tionships at the macroecological scale: A review of the mechanisms.
Biological Reviews, 80, 1-25.

Ferris, H., Bongers, T., & de Goede, R. G. M. (2001). A framework for soil
food web diagnostics: Extension of the nematode faunal analysis
concept. Applied Soil Ecology, 18, 13-29.

Fierer, N., & Jackson, R. B. (2006). The diversity and biogeography of
soil bacterial communities. Proceedings of the National Academy of
Sciences of the United States of America, 103, 626-631.

Freckman, D. W. (1988). Bacterivorous nematodes and organic-matter
decomposition. Agriculture, Ecosystems & Environment, 24, 195-217.

Gurr, G. M., Wratten, S. D., & Luna, J. M. (2003). Multi-function agricul-
tural biodiversity: Pest management and other benefits. Basic and
Applied Ecology, 4, 107-116.

Hoskins, A. J., Bush, A., Gilmore, J., Harwood, T., Hudson, L. N., Ware, C.,
Williams, K. J., & Ferrier, S. (2016). Downscaling land-use data to
provide global 30" estimates of five land-use classes. Ecology and
Evolution, 6, 3040-3055.

Hudson, L. N., Newbold, T., Contu, S., Hill, S. L., Lysenko, I., Palma, A.
D., Phillips, H. R., Senior, R. A., Bennett, D. J., & Booth, H. (2014).
The PREDICTS database: A global database of how local terrestrial
biodiversity responds to human impacts. Ecology and Evolution, 4,
4701-4735.

Hurtt, G. C., Chini, L. P, Frolking, S., Betts, R. A., Feddema, J., Fischer,
G., Fisk, J. P,, Hibbard, K., Houghton, R. A, Janetos, A., Jones, C.
D., Kindermann, G., Kinoshita, T., Klein Goldewijk, K., Riahi, K.,
Shevliakova, E., Smith, S., Stehfest, E., Thomson, A., ... Wang, Y. P.
(2011). Harmonization of land-use scenarios for the period 1500-
2100: 600years of global gridded annual land-use transitions,
wood harvest, and resulting secondary lands. Climatic Change, 109,
117-161.

Johnston, A. S. A. (2019). Land management modulates the environmen-
tal controls on global earthworm communities. Global Ecology and
Biogeography, 28, 1787-1795.

Kitagami, Y., Tanikawa, T., & Matsuda, Y. (2020). Effects of microhabitats
and soil conditions on structuring patterns of nematode commu-
nities in Japanese cedar (Cryptomeria japonica) plantation forests
under temperate climate conditions. Soil Biology and Biochemistry,
151, 108044.

Le Provost, G., Badenhausser, |., Le Bagousse-Pinguet, Y., Clough, Y.,
Henckel, L., Violle, C., Bretagnolle, V., Roncoroni, M., Manning, P.,
& Gross, N. (2020). Land-use history impacts functional diversity
across multiple trophic groups. Proceedings of the National Academy
of Sciences of the United States of America, 117, 1573-1579.

Lenth, R., Singmann, H., Love, J., Buerkner, P., & Herve, M. (2019).
Estimated marginal means, aka least-squares means. R package ver-
sion 1.4.3.01.

Li, J., Peng, P., & Zhao, J. (2020). Assessment of soil nematode diver-
sity based on different taxonomic levels and functional groups. Soil
Ecology Letters, 2, 33-39.

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,
919-930.

Liu, T., Chen, X., Gong, X., Lubbers, I. M., Jiang, Y., Feng, W., Li, X,
Whalen, J. K., Bonkowski, M., Griffiths, B. S., Hu, F., & Liu, M.
(2019). Earthworms coordinate soil biota to improve multiple eco-
system functions. Current Biology, 29, 3420-3429.e3425.

Liu, T., Chen, X., Hu, F, Ran, W,, Shen, Q. Li, H., & Whalen, J. K.
(2016). Carbon-rich organic fertilizers to increase soil biodiver-
sity: Evidence from a meta-analysis of nematode communities.
Agriculture, Ecosystems & Environment, 232, 199-207.

Liu, T., Whalen, J. K., Ran, W., Shen, Q., & Li, H. (2016). Bottom-up control
of fertilization on soil nematode communities differs between crop
management regimes. Soil Biology and Biochemistry, 95, 198-201.

Millard, J., Outhwaite, C. L., Kinnersley, R., Freeman, R., Gregory, R. D.,
Adedoja, O., Gavini, S., Kioko, E., Kuhlmann, M., Ollerton, J., Ren,
Z.-X., & Newbold, T. (2021). Global effects of land-use intensity on
local pollinator biodiversity. Nature Communications, 12, 2902.

Mueller, K. E., Eisenhauer, N., Reich, P. B., Hobbie, S. E., Chadwick, O. A.,
Chorover, J., Dobies, T., Hale, C. M., Jagodzinski, A. M., & Katucka, .
(2016). Light, earthworms, and soil resources as predictors of diversity



10 | Journal of Animal Ecology

LI ET AL.

of 10 soil invertebrate groups across monocultures of 14 tree species.
Soil Biology and Biochemistry, 92, 184-198.

Neher, D. A. (2001). Role of nematodes in soil health and their use as
indicators. Journal of Nematology, 33, 161-168.

Neher, D. A. (2010). Ecology of plant and free-living nematodes in natural
and agricultural soil. Annual Review of Phytopathology, 48, 371-394.

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, 684-693.

Newbold, T., Hudson, L. N., Hill, S. L. L., Contu, S., Lysenko, I., Senior,
R. A, Borger, L., Bennett, D. J., Choimes, A., Collen, B., Day, J., De
Palma, A., Diaz, S., Echeverria-Londono, 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, 45-50.

Newbold, T., Oppenheimer, P, Etard, A., & Williams, J. J. (2020). Tropical
and Mediterranean biodiversity is disproportionately sensitive
to land-use and climate change. Nature Ecology & Evolution, 4,
1630-1638.

Newbold, T., Scharlemann, J. P. W., Butchart, S. H. M., Sekercioglu, C. H.,
Joppa, L., Alkemade, R., & Purves, D. W. (2014). Functional traits,
land-use change and the structure of present and future bird com-
munities in tropical forests. Global Ecology and Biogeography, 23,
1073-1084.

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 properties.
Global Ecology and Biogeography, 23, 968-978.

Page, K. L., Dang, Y. P., & Dalal, R. C. (2020). The ability of conservation
agriculture to conserve soil organic carbon and the subsequent im-
pact on soil physical, chemical, and biological properties and yield.
Frontiers in Sustainable Food Systems, 4, 31.

Paul, E. A. (2015). Soil microbiology, ecology and biochemistry. Academic
Press.

Penone, C., Allan, E., Soliveres, S., Felipe-Lucia, M. R., Gossner, M. M.,
Seibold, S., Simons, N. K., Schall, P., van der Plas, F., Manning,
P., Manzanedo, R. D., Boch, S., Prati, D., Ammer, C., Bauhus, J.,
Buscot, F., Ehbrecht, M., Goldmann, K., Jung, K., ... Fischer, M.
(2019). Specialisation and diversity of multiple trophic groups
are promoted by different forest features. Ecology Letters, 22,
170-180.

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, 1-17.

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, 1947-1952.

R Core Team. (2020). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing.

Ratnadass, A., Fernandes, P., Avelino, J., & Habib, R. (2012). Plant species
diversity for sustainable management of crop pests and diseases in
agroecosystems: A review. Agronomy for Sustainable Development,
32,273-303.

Seibold, S., Gossner, M. M., Simons, N. K., Bltithgen, N., Mdller, 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 grass-
lands and forests is associated with landscape-level drivers. Nature,
574, 671-674.

Sekercioglu, C. H., Mendenhall, C. D., Oviedo-Brenes, F., Horns, J.
J., Ehrlich, P. R., & Daily, G. C. (2019). Long-term declines in bird
populations in tropical agricultural countryside. Proceedings of the
National Academy of Sciences of the United States of America, 116,
9903-9912.

Simons, N. K., Weisser, W. W., & Gossner, M. M. (2016). Multi-taxa ap-
proach shows consistent shifts in arthropod functional traits along
grassland land-use intensity gradient. Ecology, 97, 754-764.

Soliveres, S., van der Plas, F., Manning, P., Prati, D., Gossner, M. M.,
Renner, S. C., Alt, F,, Arndt, H., Baumgartner, V., Binkenstein, J.,
Birkhofer, K., Blaser, S., Bliithgen, N., Boch, S., B6hm, S., B6rschig,
C.,Buscot, F., Diekotter, T., Heinze, J., ... Allan, E. (2016). Biodiversity
at multiple trophic levels is needed for ecosystem multifunctional-
ity. Nature, 536, 456-459.

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.

Song, M,, Li, X,, Jing, S., Lei, L., Wang, J., & Wan, S. (2016). Responses
of soil nematodes to water and nitrogen additions in an old-field
grassland. Applied Soil Ecology, 102, 53-60.

Tuanmu, M.-N., & Jetz, W. (2014). A global 1-km consensus land-cover
product for biodiversity and ecosystem modelling. Global Ecology
and Biogeography, 23, 1031-1045.

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,
Mauro da Cunha Castro, J., Dam, M., Djigal, D., Escuer, M., Griffiths,
B.S., Gutiérrez, C., Hohberg, K., Kalinkina, D., Kardol, P., Kergunteuil,
A.,Korthals, G.,Krashevska, V., Kudrin, A.A., Li,Q., Liang, W., Magilton,
M., Marais, M., Martin, J.A.R., Matveeva, E., Mayad, E.H., Mulder,
C., Mullin, P., Neilson, R., Nguyen, T.A.D., Nielsen, U.N., Okada, H.,
Rius, J.E.P, Pan, K., Peneva, V., Pellissier, L., Carlos Pereira da Silva,
J., Pitteloud, C., Powers, T.O., Powers, K., Quist, CW., Rasmann, S.,
Moreno, S.S., Scheu, S., Setala, H., Sushchuk, A., Tiunov, A.V., Trap,
J., van der Putten, W., Vestergard, M., Villenave, C., Waeyenberge,
L., Wall, D.H., Wilschut, R., Wright, D.G., Yang, J.-i., & Crowther, TW.
(2019). Soil nematode abundance and functional group composition
at a global scale. Nature, 572, 194-198.

van den Hoogen, J., Geisen, S., Wall, D. H., Wardle, D. A., Traunspurger,
W., de Goede, R. G. M., Adams, B. J., Ahmad, W., Ferris, H.,
Bardgett, R. D., Bonkowski, M., Campos-Herrera, R., Cares, J. E.,
Caruso, T., de Brito Caixeta, L., Chen, X,, Costa, S. R., Creamer, R,
da Cunhae Castro, J. M., ... Crowther, T. W. (2020b). Data from:
A global database of soil nematode abundance and functional
group composition. Figshare, https://doi.org/10.6084/m9.figsh
are.c.4718003

van den Hoogen, J., Geisen, S., Wall, D. H., Wardle, D. A., Traunspurger,
W., de Goede, R. G. M., Adams, B. J., Ahmad, W., Ferris, H., Bardgett,
R. D., Bonkowski, M., Campos-Herrera, R., Cares, J. E., Caruso, T,
de Brito Caixeta, L., Chen, X., Costa, S. R., Creamer, R., Da Cunhae
Castro, J. M,, ... Crowther, T. W. (2020a). A global database of soil
nematode abundance and functional group composition. Scientific
Data, 7, 103.

Vazquez, C., de Goede, R. G. M., Korthals, G. W., Rutgers, M., Schouten,
A. )., & Creamer, R. (2019). The effects of increasing land use in-
tensity on soil nematodes: A turn towards specialism. Functional
Ecology, 33,2003-2016.

Wagner, D. L. (2020). Insect declines in the Anthropocene. Annual Review
of Entomology, 65, 457-480.

Wan, X., Chen, X., Huang, Z., & Chen, H. Y. H. (2021). Global soil mi-
crobial biomass decreases with aridity and land-use intensification.
Global Ecology and Biogeography, 30, 1056-1069.

Wu, T., Ayres, E., Bardgett, R. D., Wall, D. H., & Garey, J. R. (2011).
Molecular study of worldwide distribution and diversity of soil an-
imals. Proceedings of the National Academy of Sciences of the United
States of America, 108, 17720-17725.

Yeates, G. (1999). Effects of plants on nematode community structure.
Annual Review of Phytopathology, 37, 127-149.

Yeates, G. W. (2003). Nematodes as soil indicators: Functional and biodi-
versity aspects. Biology and Fertility of Soils, 37, 199-210.


https://doi.org/10.6084/m9.figshare.c.4718003
https://doi.org/10.6084/m9.figshare.c.4718003

LI ET AL.

Journal of Animal Ecology 11

Yeates, G. W., & Bongers, T. (1999). Nematode diversity in agroecosys-
tems. Agriculture, Ecosystems & Environment, 74, 113-135.

Yeates, G. W., Bongers, T., De Goede, R. G. M., Freckman, D. W., &
Georgieva, S. S. (1993). Feeding habits in soil nematode families
and genera - An outline for soil ecologists. Journal of Nematology,
25,315-331.

Zhao, J., & Wang, K. (2021). Methods for cleaning turbid nematode sus-
pensions collected from different land-use types and soil types. Soil
Ecology Letters, 3, 1-6.

SUPPORTING INFORMATION
Additional supporting information may be found in the online
version of the article at the publisher’s website.

How to cite this article: Li, X., Liu, T., Li, H., Geisen, S., Hu, F.,
& Liu, M. (2022). Management effects on soil nematode
abundance differ among functional groups and land-use
types at a global scale. Journal of Animal Ecology, 00, 1-11.
https://doi.org/10.1111/1365-2656.13744



https://doi.org/10.1111/1365-2656.13744

	Management effects on soil nematode abundance differ among functional groups and land-­use types at a global scale
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Data collection
	2.1.1|Nematode abundance
	2.1.2|Land uses
	2.1.3|Climatic, soil and vegetation variables

	2.2|Statistical analyses
	2.2.1|Responses of nematode abundance to LUI
	2.2.2|Interactive effects of LUI and environmental predictors on nematode abundance


	3|RESULTS
	3.1|Soil nematode abundance among LUI levels
	3.2|Interactions between LUI and environmental predictors on nematode abundance

	4|DISCUSSION
	AUTHORS' CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


