ga -l Nematology

]
BRILL Nemalology 27 (2025) 813-838 brill.com/nemy

Comparison of grassland nematode communities in the European
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Summary - Grassland ecosystems are key biodiversity reservoirs, especially for the soil fauna. Among them, nematodes have been
widely used as bioindicators to assess soil conditions and health in grasslands. However, their interactions with plant functional
types, particularly in hot and dry climates like the Mediterranean region, remain poorly understood. The development of management
strategies to optimise the resilience and productivity of grassland requires a better understanding of these biotic relationships. To address
this, nematode communities were examined in grassland monocultures of three plant functional groups (grasses, legumes, forbs) in the
Mediterranean. In France, Slovenia, Spain, Jordan and Lebanon, grasslands differing in soil properties and climate were investigated in
autumn and spring in consecutive seasons. The genus composition of nematode assemblages was assessed, and their ecological indices
and metabolic footprints were related to site characteristics and plant functional type. The Renkonen and Sorensen Index revealed that
nematode communities differed greatly among regions. The western Mediterranean grasslands were dominated by bacterial feeders like
Rhabditis and Eucephalobus, resulting in a low Channel Index and high Enrichment Index. The eastern Mediterranean sites showed
higher proportions of fungal and plant feeders like Aphelenchus and Geocenamus and a higher Channel Index but lower Enrichment
Index. Due to prolonged drought, the Spanish soils were infested by plant feeders such as Scutylenchus and Pratylenchus. The forage
plant had only a minor impact, with legumes enhancing certain bacterial-feeding genera and grasses fostering some plant-parasitic
nematodes. Overall, regional factors shape the nematode community more than forage plant cover. The dry conditions in the eastern
Mediterranean, as well as the drought in Spain, increased herbivores and decreased top-down control, which is relevant in the light of
future climate change.
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Grasslands are important global reservoirs for biodiver-
sity and also provide a wide range of goods for humans
(O’Mara, 2012; Bardgett et al., 2021). However, modern
agricultural practice leads to a reduction in biodiversity
as well as soil quality and health (Gardi et al., 2002;
Askari & Holden, 2014). According to the EAA Report
(August 2022), in Europe this is an increasing pressure
under grasslands (Baritz et al., 2023). In the Mediter-
ranean area, grassland monocultures are widely used as
pasture-based livestock systems due to their high perfor-
mance (Porqueddu et al., 2016; Paudel et al., 2021).

One way to assign soil conditions, for example, to
determine sustainable soil management strategies, is to
analyse soil nematode communities (Khanum ez al., 2021;
Melakeberhan et al., 2021). Nematodes are among the
most frequently used bioindicators in soil ecosystems
due to their high density, species and trophic diver-
sity, as well as their sensitivity to disturbance (Wil-
son & Kakouli-Duarte, 2009). Key points are: i) nema-
todes reflect changes in abiotic (physicochemical prop-
erties) and biotic (food source) soil conditions; i) the
ratio of bacterial to fungal feeders indicates the nature of
decomposition pathways; and iii) omnivores and preda-
tors respond to pollutants or disturbance of soil ecosys-
tems (Bongers, 1990; Ferris et al., 2001). These multiple
functions resulted in the development of a suite of ecolog-
ical indices based on nematode community structure (Lu
et al., 2020; Du Preez et al., 2022).

Among the factors shaping the nematode community,
particular emphasis lies on the provision of the food
source (Yeates et al., 1993). In grasslands, plants are
the main resource for nutrients, fostering plant-feeding
nematodes via living root tissue as well as bacterial- and
fungal-feeding taxa via plant litter (Crotty et al., 2014;
Ruess, 2024). Furthermore, plants modify the composi-
tion and density of the rhizosphere microbial community
by excreting exudates, including readily available sub-
strates such as sugars, amino acids and organic acids
(Huang et al., 2014). The composition of these rhizode-
posits depends mainly on plant type, with their nature and
amount affecting below-ground interactions (Ehlers et al.,
2020). For example, legumes are known to enhance the
bacterial channel and thus bacterial-feeding nematodes
(Zhao et al., 2014; Wang et al., 2024), especially strong r-
strategists such as Rhabditis and Panagrolaimus (Viketoft
et al., 2005). On the other hand, the fungal channel is
positively influenced by the presence of forbs, which is
mirrored by fungal-feeding nematodes (Viketoft et al.,
2005, 2009; Steinauer et al., 2020). Grasses with their
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complex and large root systems are associated with plant-
feeding nematodes (Neher, 2010), particularly of the ge-
nera Paratylenchus and Tylenchus (Fleming et al., 2016).
While plant identity is the primary factor determining
plant exudates, also the plant growth stage, the season and
the local environment (e.g., soil type, climate, nutrition)
are shaping the exudation pattern (Herz et al., 2018; Dietz
et al., 2020).

Within the classification ‘Mediterranean climate’ (Cs-
climate, Koppen-Geiger; Koppen, 1936), precipitation
and temperature can vary considerably between Mediter-
ranean regions (Peel et al., 2007). The northern and west-
ern parts of the Mediterranean area present a marine
west coast climate with equable conditions and only few
extremes of temperature and precipitation. The south-
ern and eastern regions are considered as hot-summer
Mediterranean climate, with high temperatures and low
precipitation as well as summer droughts (Lionello et al.,
2006; Peel et al., 2007). Especially the hotter regions of
the Mediterranean area pose significant challenges to soil
nematodes. While temperature influences the nematode
life cycle directly (Ruess et al., 1999), soil water content
affects the activity and function of the entire community
(Neher, 2010) since nematodes live, hunt and reproduce
in the water film between soil particles. This is especially
true for bacterial-feeding nematodes as well as omnivores
and predators, since they are more dependent on water
film for movement, while plant and fungal feeders live
near or even in their food source (Neher, 2010). Further-
more, fungi can grow in air-filled pores, while bacteria
need the water-filled pores as habitat (de Vries et al.,
2018; Guan et al., 2021).

Due to this, the physical structure of the soil is a deter-
minant for trophic interactions, e.g., pore geometry, con-
nectivity and hydration (Erktan et al., 2020). Therefore,
differences in soil types and climate across Mediterranean
regions can act as drivers for abundance and diversity of
local nematode assemblages.

Nematode community structure as a tool to evaluate
the performance of grasslands as well as soil quality
and health is well studied in Europe (e.g., Viketoft et
al., 2005; Fleming et al., 2016; Haugwitz et al., 2016;
Franco et al., 2019), but has rarely been applied in
the Mediterranean area. Especially in the Middle East
regions, mainly plant parasites such as Meloidogyne have
been studied (Abu-Gharbieh et al., 2005; Ibrahim et al.,
2017), while free-living nematodes have been generally
neglected. To the best of our knowledge, this work
represents the first investigation of grassland nematode
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communities in Jordan and Lebanon. However, such data
are needed as, according to the IPCC sixth Assessment
Report, the Mediterranean region is expected to face a
20% higher rate of warming compared to the global
average (Ali et al., 2022). The related increase in heat
waves, with droughts and decreased precipitation, will
pose a significant thread to grassland systems (Tuel &
Eltahir, 2020).

Knowledge about the influence of different plant func-
tional types on belowground biota is essential to adapt
management practices, e.g., to mitigate climate change,
while optimising the resilience and productivity of grass-
lands. Combining nematode ecological indices for soil
conditions and health with the benefits of different forage
monocultures provides a first step to develop such sustain-
able management. This study compares the influence of
functional groups of forage plants (grasses, legumes, non-
legume forbs) on the nematode communities in five loca-
tions across the Mediterranean. Sites sown with mono-
cultures of these forage plants were established in Spain,
France, Slovenia, Lebanon and Jordan, representing com-
mon climate conditions ranging from hot and wet to hot
and dry regions. We hypothesise that: i) regional differ-
ences between western and eastern Mediterranean areas
(e.g., climate, soil type) shape nematode communities; if)
the dry, hot summer Mediterranean climate results in a
lower food web stability and higher contribution of the
fungal decomposition pathway; and iii) legumes and forbs
foster the presence of microbial grazers, while grasses
favour plant feeders.

Materials and methods

STUDY SITES

The study was performed at experimental farms in
five countries in the Mediterranean area. Field sites were
established in central France in the region of Puy-de-
Dome near Clermont-Ferrand (45°42'N, 3°00'E; 800 m
AMSL), south-western Slovenia near Povir in the region
of Obalno-kraska (45°41’N, 13°57'E; 400 m AMSL),
north-eastern Spain close to the city of Solsona in Catalo-
nia (41°58'N, 1°33’E; 700 m AMSL), western Lebanon
in the area Bekaa near Terbol (33°48'N, 35°59E; 900 m
AMSL), and north-eastern Jordan (32°30'N, 35°54'E;
600 m AMSL). These sites represent a range of typical cli-
mate conditions, i.e., from the typical hot and dry to warm
and wet (Porqueddu et al., 2016). In the western Mediter-
ranean, the average annual temperatures during the exper-
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iment ranged between 10.1°C, 12.5°C and 14.1°C for the
experimental fields in France, Slovenia and Spain, respec-
tively. The eastern Mediterranean showed higher temper-
atures, with 18.9°C in Jordan and 19.1°C at the site in
Lebanon. The annual rainfall separates the locations into
three groups: the experimental field in Slovenia is with
1178 mm the wettest, followed by France with 975 mm.
The warmest regions were at the same time the driest,
with an annual precipitation of 602 mm in Lebanon and
417 mm in Jordan. The Spanish site was with 530 mm
unusually dry (series annual mean of 854 mm) during the
experiment. The prevalent soil type differed with Cam-
bisol, Luvisol, Leptosol, Vertisol and Entisol in the fields
in France, Slovenia, Spain, Jordan and Lebanon, respec-
tively. Furthermore, the soils in Slovenia comprised the
highest amount of C,,, organic matter, and nitrogen,
while the soils in France showed the highest phosphorus
content (Olsen). For further details on soil properties, see
Supplementary Table S1.

To address the influence of climate (e.g., temperature
and precipitation) on the nematode community, long term
means as well as the daily weather from the experimental
fields were calculated. A detailed pattern of temperature
and precipitation at the different sites is given in Sup-
plementary Figure S1. For France, Slovenia and Spain,
weather stations on site recorded these data. For Jordan
and Lebanon, climate values were taken from the weather
stations at the nearest city — Irbid for Jordan and Terbol
for Lebanon.

The field trials were established in Spain, Slovenia,
Jordan and Lebanon in autumn 2021, and in France in
spring 2022. At each site, a total of 40 plots (3 x 10 m)
were set up in two rows (20 plots per row). The plots
consisted of different mixtures of one, three, four or
six plant species used as forage. Between plots, buffer
zones were installed as corridors (0.5 m) with the same
plant species grown as in the adjacent plots. Before the
experiment, the soil was ploughed to incorporate residues.
Then, mixtures of one, three, four or six different plant
species were sown in the respective plots, representing
different forage plant types and diversities. Also, the
soil in Slovenia was fertilised with 300 kg ha~! mineral
fertiliser (NPK) at the beginning of each growing season
based on local practice. Regarding site history, the fields
in France, Spain, Jordan and Lebanon were used as
arable land, while the site in Slovenia was maintained as
meadow.

The present study investigates monocultures within
the framework of these diversity experiments. We exam-
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ined three functional plant types — grasses, legumes, and
non-legume forbs (henceforward termed forbs). Grasses
used were Lolium perenne (L.) and Dactylis glomerata
(L.); legumes comprised Medicago sativa (L.) and Ono-
brychis viciifolia (Scop.), the latter substituted by Tri-
folium repens (L.) in France; and forbs were Cichorium
intybus (L.) and Plantago lanceolata (L.). Due to local
climate, some species had to be changed in the eastern
Mediterranean. For grasses, Lolium rigidum (Gaud.) and
Hordeum vulgare (L.), and for legumes, Medicago sativa
(L.) and Trifolium incarnatum (L.) were sown in Jordan
and Lebanon. The forb species were not modified across
countries.

The amount of seeds varied based on the species and
local management practices: the densities for Slovenia
and Spain were 35, 30, 40, 110, 15 and 20 kg ha~! for L.
perenne, D. glomerata, M. sativa, O. viciifolia, C. intybus
and P. lanceolata, respectively. The densities for France
were 38, 23, 25, 10, 10 and 10 kg ha~! for L. perenne,
D. glomerata, M. sativa, T. repens, C. intybus and P.
lanceolata, respectively. In Jordan and Lebanon, 30, 100,
35, 15, 5 and 20 kg ha-! of L. rigidum, H. vulgare,
M. sativa, T. incarnatum, C. intybus and P. lanceolata
were sown, respectively. This was performed by hand in
Slovenia, Jordan, and Lebanon, and by sowing machine in
Spain and France.

SOIL SAMPLING

The first soil sampling campaign was carried out in
2022 in autumn, after the last harvest on October 3
(France) and October 10 (Slovenia), November 4 (Spain),
December 10 (Jordan) and December 12 (Lebanon). The
second sampling campaign took place in 2023 in spring,
after the first harvest at May 31, 23 and 30 and June 19
and 6 for France, Slovenia, Spain, Jordan and Lebanon,
respectively. For each plant functional type, two species
(see Nematode analysis section below for taxa in the
respective country) were sown in monocultures at each
site. Two plots for each plant species were established
at a site, resulting in four replicates per plant functional
group. At the western experimental fields, soil samples
were collected with a soil core (3 cm diam.). Due to local
adaptations in Jordan and Lebanon, soil samples were
taken with a spade. To obtain a composite sample, 3-8
single samples were taken randomly, bulked and mixed
by hand. Soil samples were sent overnight at 4°C and
processed directly after arrival. Overall, there were 12
samples per site and date, resulting in a total of 120
soil samples for the nematode analysis. To determine
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the soil moisture, 20 g of wet soil from each plot was
weighed, dried for 3 days at 60°C, re-weighed, and the
water content calculated.

NEMATODE ANALYSES

About 40-60 g of soil were used to extract nematodes
following a modified Baermann method described by
Ruess (1995). Before the extraction, samples were placed
on a milk filter (Calvatis), supported by a wire screen
in a funnel. The funnel was connected to a glass vial
(50 ml) and filled with tap water and transferred to a
Kempson extractor. First, the samples stayed at room
temperature for 24 h, followed by a heating regime
from 20-45°C with a stepwise increase of 5°C for 6 h
using infrared lamps. After the extraction, the nematodes
were fixed in a 4% cold formaldehyde solution. The
samples were analysed by counting the total number of
nematodes for each sample and determining 10% of the
individuals (but not less than 100 specimens) to genus
level, following Bongers (1987). The trophic groups were
classified according to Yeates et al. (1993) as plant
feeders, bacterial feeders, fungal feeders, omnivores and
predators.

Afterwards, nematode ecological indices were calcu-
lated. For the Maturity Index (MI), nematodes were
assigned to a c-p value ranging from coloniser (1) to per-
sister (5), according to Bongers (1990). The index is cal-
culatedas M1 = Y !, v (i) * f(i), where v(i) and f(i)
are the c-p value of the taxon i and the frequency of that
taxon in the nematode population, respectively. Low num-
bers point to a disturbed environment, while higher values
indicate more stable conditions. For plant-parasitic nema-
todes, the plant parasite index (PPI) was calculated using
the same formula for plant-feeding nematodes.

To calculate the Channel Index (CI), nematode trophic
groups are combined with their life history (c-p value).
The CI is calculated by CI = 100 * (0.8 * Fuy)/(3.2 *
Ba; 4+0.8x«Fu,), where Ba; represents the bacterial feeder
with a c-p value of 1, and Fu, the fungal feeder with
a c-p value of 2 (Ferris et al., 2001). The CI provides
information on the soil decomposition pathways, with
high values indicating a fungal-dominated and low values
a bacterial-dominated process. The food web conditions
were examined using the enrichment (EI) and structure
(SI) index. These were assigned as EI = 100 % e/e +
b, SI = 100xs/s+b, where b is the basal, s the structure
and e the enrichment component (Ferris et al., 2001). The
impact of nutrient enrichment or pulses is attributed to
the EI, while the SI gives information on the stability
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of the food web. Furthermore, the basal index (BI) was
calculated as Bl = 100 x b/(e + b + s), where values
correspond with soil perturbation.

To further survey the differences among regions, the
Sorensen Index and the Renkonen Index were calculated.
The Sorensen Index is a community similarity coefficient
representing the proportion of taxa in common at the
different sites. It was calculated as: § (%) = 2xG/(Sa+
Sg)) * 100, where G is the number of genera present
in both sites, and Sa and S the number of species in
sites A and B, respectively. The result can take percentage
values between 0 and 100%, whereby higher numbers
indicate a higher similarity in taxa composition. The
Renkonen Index determines the alignment in dominance
structure between two different sites and was calculated
as the sum of the smallest dominance value of the genus
present in both locations: Re (%) = Y minD, g, with
D = na/Na or ng/Ng, where D is the dominance
value, nap the number of individuals in location A or
B, respectively, and N 4 p the total number of individuals
in site A or B. The results can take percentage values
between 0 and 100%, whereby higher numbers indicate
a higher similarity in dominant taxa.

Ferris (2010) developed the metabolic footprint, which
gives a more detailed view on the metabolic activity
of nematode groups, and the magnitudes of carbon (C)
and energy flow in food webs. It is calculated as: F =
S (N, (0.1 (W, /m,) 4 0.237(W"%))), where N, W, and
m, are the number of individuals, the body weight, and
the c-p value of the taxon ¢, respectively. The 0.1 in the
formula mirrors the amount of C of body fresh weight
and the 0.237 the molecular weights of C and O, or 12/44
(Ferris, 2010). The metabolic footprint can be adjusted to
gain different information: nematodes of a single trophic
group can be combined in the respective footprint, which
indicates C and energy fluxes in this explicit food chain.
The susceptibility to resource pulses is given by the
enrichment footprint (F,) calculated as the sum of taxa
indicating enrichment. The structure footprint (F;) shows
the impact on higher trophic levels and is calculated as the
sum of taxa indicating a structured environment.

STATISTICAL ANALYSIS

Statistics were performed with Statistica 10 for Win-
dows (StatSoft). The analyses were conducted at the level
of plant functional groups. For this, the samples belong-
ing to the same plant functional group were pooled at each
location. Based on the Kolmogorov-Smirnov-Lilliefors-
test, data were not normally distributed. Therefore, the
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effects of location on the nematode community were
analysed with the non-parametric Kruskal-Wallis one-
way ANOVA (analysis of variance). Differences between
means were assigned using the Dunn Post-hoc test, while
seasonal effects (i.e., sampling date) were analysed by
the non-parametric Mann-Whitney U-test. To analyse the
impact of plant functional group and plant identity, R (R
Development Core Team 2012 - version 4.3.2), was used
to create linear mixed models (Ime4 and Imtest). Location
was used as a random factor, while plant functional group
and plant identity were used as fixed factors.

Using CANOCO 5 (ter Braak & Smilauer, 2012) a
redundancy analysis (RDA) was performed, to investigate
the impact of location, plant functional group, and season
on nematode community structure. Significance of terms
were analysed by unrestricted Monte Carlo permutation
test (number of permutations = 10 000).

Results

NEMATODE COMMUNITY STRUCTURE

A total of 69 different nematode genera were detected
at the five Mediterranean grassland sites (Suppl. Tables
S2-S6). In autumn, 37, 42, 34, 44 and 47 genera were
identified in the soils of France, Slovenia, Spain, Jor-
dan and Lebanon, respectively. Moreover, several genera
showed sporadic dispersal, occurring in one or two sam-
ples only, especially at the site in Lebanon (Suppl. Table
S5). In spring, the number of genera was higher in soils
of France and Slovenia with 45 and 48, respectively, but
lower in Spain, Jordan and Lebanese soils with 38, 38 and
40, respectively.

Each region showed a unique nematode assemblage,
with some genera restricted to a single site. The grasslands
in Western and Eastern Mediterranean showed the follow-
ing general differences. In autumn, the plant-feeding Geo-
cenamus and  Psilenchus; the Dbacterial-feeding
Cibronema, Drilocephalobus and Kirjanovia as well as
the omnivorous Aporcelaimellus were only detected in the
eastern Mediterranean (Suppl. Tables S5, S6). The plant-
feeding Merlinius as well as the bacterial-feeding Metat-
eratocephalobus were restricted to the western Mediter-
ranean. In spring, many genera only appeared in the west-
ern areas: Merlinius, Nagelus, Pratylenchoides, Scuty-
lenchus, Panagrellus, Anaplectus, Prismatolaimus, Bur-
sila, Pellioditis, Rhabditis, Metateratocephalobus,
Mesodorylaimus, Epidorylaimus, Dorydorella and
Allodorylaimus. In the eastern regions, Geocenamus,
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Paratrophurus, Tylenchus, Aprutides, Alaimus,
Cibronema, Kirjarovia and Ecumenicus were exclusive.

Redundancy analysis (RDA) was applied to analyse
further the influence of site and plant functional groups
(Fig. 1). The variable ‘region’ accounted for 37.8% of the
separation of data, with the first and second axes explain-
ing 18 and 13%, respectively (P < 0.01). By contrast,
the contribution of ‘plant functional group’ to data dis-
crimination was negligible (5.3%). The nematode com-
munities at the sites in France and Slovenia and those in
Jordan and Lebanon grouped together, while the nema-
tode assemblages in Spain were strongly separated from
all other regions. The communities in France and Slovenia
were both distinguished by bacterial feeders, especially
colonisers (c-p 1) like Pellioditis, Rhabditis, Mesorhabdi-
tis and Panagrellus as well as opportunists (c-p 2) like
Monhystera, Heterocephalobus and Eucephalobus (Fig.
1). Both eastern Mediterranean soils were distinguished
mainly by Geocenamus, Paratrophurus, Chiloplacus and
Cervidelus exclusive to these areas. Acrobeloides, Eumon-
hystera and Ditylenchus were also associated with Jordan
and Lebanon, but are present in the other regions as well.
The Spanish site was populated by a wide array of plant-
parasitic nematodes; the RDA revealed that especially
Bitylenchus, Scutylencus Dolichorhynchus, Amplimerlin-
ius and Pratylenchus are correlated to this site, while
omnivores were rare and predators were not found at all
(Suppl. Table S4).

Corresponding to the RDA, the Sorensen index
assigned the highest similarity of genera for the soils in
Jordan and Lebanon (90%) as well as in France and Slove-
nia (73%) in spring (Table 1). In autumn, the pattern
was less clear, with a similarity of 73% between Jordan
and Lebanon and of 66% between France and Slovenia.
At both sampling dates, the genera pattern at the site in
Spain was most separated from the other regions, with
values around 50% (Table 1). The dominance identity
assigned by the Renkonen index also showed the high-
est comparability for the nematode communities at the
sites in Jordan and Lebanon, with 85 and 72% for autumn
and spring, respectively (Table 1). The lowest similarities
were observed between the Spanish and French soils at
both sampling dates.

The nematode ecological indices varied across sites,
with differences mainly related to region, but only minor
effects of season (Table 2). The MI was lowest (<1.6),
i.e., the disturbance was highest (Bongers, 1990), for the
nematode communities in France, while at the Slovenian,
Spanish, Lebanese and Jordan sites, the MI ranged above
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2 (P < 0.001). The pattern of the PPI across regions
differed considerably (Table 2): the nematode communi-
ties at the Spanish site displayed the highest PPI (2.7-2.8),
Jordan and Lebanon the lowest (2.0-2.1), and France and
Slovenia intermediate (2.3-2.6) values (P < 0.001). The
BI was also lowest in the French soils with 14 and 15 for
autumn and spring, respectively, while the Spanish, Jor-
dan and Lebanese soils, with a BI above 50, showed the
highest values across seasons (P < 0.01; Table 2).

According to the Shannon Index (H’), nematode diver-
sity was at 3.2 highest in the soils at the Lebanese site
in autumn (P < 0.001) compared to all other regions.
In spring the pattern differed; now the diversity of the
nematode communities at the site in Slovenia had a higher
diversity with an H’ of 3.1 compared to Jordan (2.4) and
Lebanon (2.3) (P < 0.001), with the communities in
Spain (2.7) and France (2.5) in between (Table 2).

FOOD WEB CONDITIONS

The EI and SI are indicators for the N-enrichment
and the structure of the soil micro-food web (Table 2).
At both sampling dates, an EI of 84 indicated a high
enrichment for the food webs in the soils at the French
site compared to Spain, Jordan and Lebanon, which were
in a depleted stage (P < 0.05). The latter three sites can
be regarded as degraded environments with a high C:N
ratio and a fungal-mediated decomposition (Ferris et al.,
2001). The Slovenian site kept an intermediate position
and, moreover, showed a seasonal change with the EI
increasing from 51 to 62 between autumn and spring (P <
0.05), which was also shown by the linear mixed models
(Suppl. Table S7). By contrast, there were no changes
in the N-enrichment of the soil micro-food web in the
other regions. The indications of the EI on the dominant
decomposition processes was supported by the CI, which
was highest in the Spanish, Lebanese, and Jordan soils,
ranging between 84-98, 66-79 and 68-69, respectively,
and pointing to a fungal-dominated system. The site in
France showed 8.1-8.5 (P < 0.001) low values, while
the soil in Slovenia holds an intermediate position (Table
2), indicating bacterial decomposition at both sites (Ferris
et al., 2001). Between seasons, the CI decreased in the
soils of Slovenia (P < 0.05) and Spain (P < 0.05) from
37 to 21, and from 98 to 83, respectively. This decline
between seasons is supported by the linear mixed model
(P < 0.01; Suppl. Table S7).

As indicated by SI values under 52, the structure and
complexity of the food webs were low, predominantly
in autumn (Table 2). The Slovenian soils with a SI of
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Fig. 1. Redundancy analysis (RDA) of grassland nematode community structure in the five Mediterranean regions France, Slovenia,
Spain, Jordan and Lebanon. Presented are the nematode genera with relation to region (red) and forage plants (grasses, legumes, forbs;
green).

Table 1. Similarity (%) in nematode community composition between the sites in France, Slovenia, Spain, Jordan and Lebanon, in
autumn 2022 and spring 2023.

Serensen Index Renkonen Index
France Slovenia Spain Jordan France Slovenia Spain Jordan
Autumn Slovenia 65.8 58.9
Spain 50.7 57.9 314 493
Jordan 51.9 62.8 53.8 40.8 55.2 449
Lebanon 59.5 62.9 543 725 387 61 44 85.4
Spring  Slovenia  73.1 50.5
Spain - 48.8 - 37.7
32

Jordan 554 535 52.6 433 44.8
Lebanon 61.2 59.1 48.7 89.7 427 45 442 | 71.6

The shading from green to white represents higher similarity, while the shading from white to red represents lower similarity within
one index. Presented are the identity of genera based on the Sgrensen Index and the similarity in dominance structure according to the
Renkonen Index.

33 displayed the highest values, while food webs in
France and Jordan with a SI of 18 and 16, respectively,
were strongly degraded (P < 0.01). In spring, food
web structure in the Slovenian soils developed towards a
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maturing status (SI of 52; Ferris et al., 2001), with again
significantly higher SI compared to food webs in the soils
of Spain, Jordan and Lebanon (P < 0.001). Between
seasons, the food web structure increased from 18 to 37
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Table 2. Nematode indices (£s.d.) in the soils of the five Mediterranean regions, France, Slovenia, Spain, Jordan and Lebanon.

France Slovenia Spain Jordan Lebanon
Autumn MI 1.5+ 0.2b 2+0.1a 22+0.1a 2+0.1a 2.1+0.1a
PPI 2.6 £ 0.2ab 2.5 £0.2ab 2.7+0.1a 2.2 +0.1b 2.2+0.1b
CI 8.5+ 6b 36.7 + 13.5ab 98.3 +5.8a 67.7 + 21.1ab 79 + 16.7a
BI 14.6 £9.1b 26.5 + 7.2ab 50.6 4+ 9.8a 52.7 & 7.9a 52.1 &=7.9a
EI 84 £+ 7.9a 51 4+ 10.2ab 40 + 3.5b 37 +£8.7b 39.8 +10.3b
SI 17.8 &+ 10.8b 326+ 11.2a 21.8 + 15.8ab 16.4 + 10.6b 25.1 £ 11.1ab
H' 2.4+ 0.3b 29+0.1a 2.7+ 0.1b 1.9 + 0.6b 3.2 £+ 1.5ab
Spring MI 1.6 £ 0.2b 2.1+0.1a 2.140.1a 2.140.1a 2+0.1a
PPI 2.6 £ 0.2ab 2.3 £0.1ab 2.8 +£0.1a 2.2+0.1b 23 +0.1b
CI 8.1 £7.4b 21.1 &£ 15.3b 83.8 & 18.2a 69 £ 26.1a 65.8 & 19.2a
BI 1534+ 7.5b 39.7 £9.2ab 50.8 & 7.4a 50.4 4+ 5.3a 52.9 &+ 7.3a
EI 83.7 &£ 10.5a 62.2 + 11.8ab 42.7 + 6.8bc 375+ 12.4c 39.6 &+ 9bc
SI 36.7 + 16.2ab 52.2 +8.3a 19.6 + 13.8b 18.7 + 8.6b 22.1 +8.7b
H' 2.5+0.4b 3.1+0.1a 2.7 £ 0.2ab 2.4 40.3b 2.3 4+0.1b

Given are the maturity index (MI), plant parasite index (PPI), channel index (CI), enrichment index (EI), structure index (SI), and
Shannon Diversity Index (H’) in autumn and spring. Values within a row with the same letters are not significantly different according

to Dunn-Bonferroni (P < 0.05).

and from 33 to 52 in the soils of France (P < 0.05) and
Slovenia (P < 0.01), respectively, while the SI remained
unchanged in the soils at the other three sites.

The graphical display of the functional metabolic foot-
prints is given in Figure 2 as an area of equilateral thom-
boid centred on the intersection of the EI and SI. The
enrichment footprint was always highest in the soil in
France, which was significant compared to Spain (P <
0.001; Suppl. Table S8). During the study period, larger
enrichment footprints were observed in spring compared
to autumn (P < 0.05), except for the Spanish soil. Simi-
lar seasonal shift occurred for the structure footprint, with
a significant increase in spring in the soils in France (P <
0.01), Slovenia (P < 0.05) and Jordan (P < 0.05; Suppl.
Table S8). As the functional metabolic footprint is max-
imised when the rhomboid shape becomes a square (Ferris
et al., 2010), the soils in Slovenia and Jordan can be con-
sidered in metabolic balance (Fig. 2). With the structure
footprint much smaller than the enrichment footprint, the
food webs in the soils in France and Spain are in an unsta-
ble state.

The metabolic footprints of nematode trophic groups
assign how much carbon is entering the soil food web by
the respective pathway (Ferris et al., 2010). The biggest
regional differences occurred for the bacterial footprint
(Fig. 3; Suppl. Table S8). In autumn, the soils in France
and Slovenia showed the highest, in Jordan and Lebanon
intermediate, and in Spain the lowest values (P <
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0.001). Comparably, in spring, the bacterial footprint
was highest in the French and lowest in Spanish soils
(P < 0.001). Regarding season, the bacterial footprint
increased significantly by about 5 (France), 1.5 (Spain),
and 2.5 (Jordan and Lebanon, respectively) in spring
compared to autumn (P < 0.05).

The activity of fungal decomposer was highest in the
eastern Mediterranean, whereas in the western regions,
especially the Spanish soils, showed only a small fungal
footprint at both sampling dates (P < 0.001; Fig. 3;
Suppl. Table S8). Comparable to the bacterial channel
and also in the fungal channel, more carbon was entering
the food web in spring. This increase was about three-
fold in France, Jordan and Lebanon, and doubled in Spain
(P < 0.05; Fig. 3). By contrast, the fungal footprint
declined at the Slovenian site from 0.3 to 0.1 (P < 0.001).

In autumn, the herbivore footprint indicated a signifi-
cant higher activity of plant feeders in the soils of Slovenia
and Spain compared to France and Jordan, with Lebanon
at intermediate position (P < 0.001; Fig. 3; Suppl. Table
S8). In spring, at the site in Spain, the herbivore footprint
was the highest and in Slovenia and Lebanon the lowest
(P < 0.001). The herbivore footprint increased between
seasons by five times in the French soil and doubled in the
soils of Spain and Jordan (P < 0.05).
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Fig. 2. Nematode faunal profile combined with the functional metabolic footprints in the soils of the five Mediterranean regions, France
(FRA), Slovenia (SLO), Spain (ESP), Jordan (JOR) and Lebanon (LEB), in autumn and spring. The displayed rhomboids reflect the

functional metabolic footprints with the scalar k = 0.1.

Autumn
5
4
=2
o .
T 3
%)
» a a |
2
b
1 ) b ‘
: [=]
L]
o NN s e ab
France Slovenia Spain Jordan Lebanon

' Herbivore footprint

. Fungal footprint

Spring
25
20
g 15
o a
(%)
® 10
s ab
be b [C by o b |
- B, E5S " g (5]
France Slovenia Spain Jordan Lebanon

: Bacterial footprint

Fig. 3. The herbivore, fungal, and bacterial footprint in the soils of the five Mediterranean regions, France, Slovenia, Spain, Jordan and
Lebanon. Given are the metabolic footprints in C (g DW)~! in autumn and spring. Values within one footprint and season with the
same or no letters are not significantly different according to Dunn’s test at P < 0.05.

INFLUENCE OF PLANT FUNCTIONAL GROUPS

The linear mixed model revealed that the distribution
of the nematode genera was only slightly affected by
the presence of different plant functional groups (Table
3; Suppl. Table S9). Among plant-feeding nematodes,
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only Basiria, Lelenchus, Malenchus and Tylenchus were
influenced. However, all reacted positively to the presence
of grasses (P < 0.05, P < 0.001, P < 0.05, P <
0.001, respectively), where especially L. perenne fostered
these nematodes. Furthermore, Geocenamus, which only
occurred in the eastern Mediterranean, was fostered by

821



M. Ewald et al.

Table 3. Effects of plant functional group, plant identity and season on the abundance of nematodes.

Plant functional group Plant identity Season
Acrobeles 8.19%** 2.2% 0.69
Acrobeloides 0.39 0.58 14.03%**
Allodorylaimus 0.04 1.12 6.73%
Aphelenchoides 0.53 1.2 4.3%
Aphelenchus 4.39% 1.32 4.17%
Aprutides 13.67%%* 4.17%%* 243
Basiria 3.94%* 2.22% 0.78
Bursilla 25.05%%* 7.29% %% 2.76
Cephalobus 2.78 1.69 3.63*
Cervidellus 0.03 2.25 24 .38%**
Cribronema 2.19 2.56* 5.3%
Ecumenicus 28.22%%* 11.77%%* 8.9%*
Eudorylaimus 0.54 0.36 24 47 %%
Eumonhystera 2.03 0.24 6.87*
Geocenamus 0.97 4.04%%* 0.25
Kirjanovia 9.73%#%% 3.36%* 2.05
Lelenchus 6.98** 2.43% 0.1
Malenchus 3.6% 0.94 1.49
Merlinius 0.29 0.64 5.18*
Mesodorylaimus 0.65 1.33 4.57*
Metateratocephalobus 0.02 0.7 5.31%
Monhystera 0.76 0.46 12.7%%%
Nagelus 0.52 0.61 10.78**
Nygolaimus 0.01 3.7%* 2.16
Panagrellus 2.34 0.68 11.16%*
Paratrophurus 0.04 1.15 5.94%
Pratylenchoides 0.51 2.17* 1.52
Prismatolaimus 0.08 0.72 5.59*
Pristionchus 0.05 1.14 5.42%
Rhabditis 10.27%%* 3.12%* 7.92%%
Rotylenchus 0.04 0.34 13.81%#%*
Scutylenchus 0.37 1.49 9.93%*
Tylenchorhynchus 0.11 0.41 21.26%%*
Tylenchus 6.52%* 3.14%%* 4.5%
Wilsonema 0.84 0.89 9.21%*

Presented are the F-values of linear mixed models of nematode genera with significant response. Asterisks indicate significant effect at

***P < (0.001; **P < 0.01; and *P < 0.05.

the grass H. vulgare, while Pratylenchoides responded
positively to the grass D. glomerata.

Aphelenchus, a facultative root and fungal feeder,
was influenced by plant functional group (Table 3), and
reacted positively to the presence of grasses (P < 0.05).
Among bacterial-feeding nematodes, the rare Aprutides
(P < 0.001), Acrobeles (P < 0.001), and Kirjanovia
(P < 0.001) were fostered by grass vegetation. Further-
more, the more common Bursilla (P < 0.001) and Rhab-
ditis (P < 0.001) were positively related to the presence
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of legumes, yet M. sativa showed a significant negative
impact on both genera.

The rare Ecumenicus was the only omnivorous nema-
tode reacting to plant functional group (Table 3), show-
ing a positive correlation with the presence of grasses
(P < 0.001), but a negative correlation with D. glom-
erata. Predatory nematodes were not influenced by plant
functional group.

The nematode indices were more responsive to a
change in plant functional groups. The MI showed a
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positive correlation with grasses (Suppl. Table S7; P <
0.05) and a negative correlation with legumes (P <
0.001). However, the presence of M. sativa had a positive
effect on the MI. Forbs (P < 0.05) and grasses (P <
0.001) increased the CI, which was mainly mediated by P.
lanceolata (P < 0.05). The EI was positively related to
the presence of forbs (P < 0.01), but negatively to grasses
(P < 0.001). This impact was reflected by all grass and
forb species, except D. glomerata. Forbs also resulted in
higher nematode diversity (H; P < 0.001), while the
presence of legumes led to a decrease (P < 0.01). This
was mainly due to M. sativa and C. intybus. The PPI
and SI on the other hand were not influenced by plant
functional group. For more information on the nematode
indices, see Supplementary Table S10.

Finally, for the metabolic footprints, the composite
footprint as well as the bacterial and enrichment footprint
were positively corelated to the presence of legumes
(Suppl. Table S7; P < 0.01, respectively), which was
mainly a result of the presence of M. sativa and O.
viciifolia.

Discussion

REGIONAL DIFFERENCES SHAPE NEMATODE
COMMUNITIES IN MEDITERRANEAN GRASSLANDS

The local environment was identified as the main fac-
tor determining nematode community composition in the
different Mediterranean regions. Based on their geograph-
ical proximity, the experimental sites in France, Slovenia
and Spain can be allocated to the same west coast cli-
mate, while the fields in Jordan and Lebanon belong to
the hot-summer Mediterranean climate (Lionello et al.,
2006; Peel et al., 2007). This is reflected in the Sgrensen
and Renkonen indices, indicating the highest similarity
between genera identity and dominance structure in the
soils of Jordan and Lebanon, followed by France and
Slovenia. It is well acknowledged that nematode com-
munities are strongly influenced by the abiotic soil envi-
ronment, e.g., soil type, pH, moisture and organic mat-
ter (Xiong et al., 2021; Richter et al., 2023) as well as
local climate conditions (Neher, 2010; Zhou et al., 2022).
However, the nematode assemblages in the Spanish soil
showed the lowest similarities with the other sites accord-
ing to the Sgrensen and Renkonen indices. During the
study period, here the climate deviated from the long-
term means (Sebastia et al., 2024), with a precipitation
of 530 mm (compared to the series annual mean 854 mm)
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and temperature of 14°C (compared to the series annual
mean 12°C). This likely induced adaptations within the
nematode community, not apparent in France and Slove-
nia. That the Spanish soils do not group together with
the other countries of the western Mediterranean is also
visible through the BI, which is highest in the eastern
Mediterranean and Spain. However, this is due to different
reasons: a food web can become more basal (increased BI)
due to limited resources, which was the case in the soils
of Jordan and Lebanon, or due to adverse environmental
conditions (Ferris et al., 2001). The latter applied to the
Spanish soils during the severe drought in the experimen-
tal period (Ferris et al., 2001).

The affiliations assigned by genera identity and domi-
nance structure of nematode assemblages were mirrored
by the RDA. The experimental fields in France and
Slovenia as well as those in Lebanon and Jordan clearly
group together, while Spain is isolated. The similarities of
France and Slovenia are likely due to comparable agricul-
tural practices, together with sufficient rainfall and cold
temperatures during winter. The nematode assemblages
here were characterised by bacterial feeders belonging
to c-p 1 and 2, especially genera of the family Rhabdi-
tidae, adapted to soils with a good nutrient status and
tolerant to disturbance (Bongers, 1990). Moreover, they
can survive harsh environmental conditions by entering a
resistant dauer juvenile stage (Sohlenius, 1973). Rhabditi-
dae are also active in colder soils (2-4°C), apparent at the
French site with low temperatures in winter (Sohlenius,
1973; Anderson & Coleman, 1982) (see Suppl. Fig. S1).

Compared to western European agriculture, with its
heavy use of machinery, pesticides and fertilisers, farming
in the Near East is less intensive (Hole, 2007; Maudet et
al., 2025). This difference, along with dry soil conditions,
has shaped the nematode community in the soils of Jordan
and Lebanon. The latter resulted in a higher presence
of plant-feeding nematodes, and especially Paratylenchus
was associated with these soils. They are considered
opportunistic colonisers in permanent pastures, and prefer
soils with low moisture and nutrients (Ciobanu et al.,
2003). In addition, Ditylenchus was associated with the
soils of Jordan and Lebanon. These nematodes can feed
on both roots and fungi (Zheng er al., 2016), likely
benefiting from the dry conditions (see Suppl. Fig. S1;
Suppl. Table S1). Fungi are adapted to low soil moisture,
and the high CI in these soils indicate fungal-dominated
decomposition processes. Moreover, root- and fungal-
feeding nematodes are less dependent on the water film
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between soil particles (de Vries et al., 2018; Guo et al.,
2021).

Root feeders were shown to benefit from the absence
of predatory nematodes and thus a weakened top-down
control in mesic grasslands after drought (Franco et al.,
2019). This scenario was likely the driving factor for
nematode community structure at the Spanish site, result-
ing in a very specific community pattern with no predators
(Suppl. Table S4). These soils harboured great numbers of
plant-parasitic nematodes, reflected in the highest propor-
tional herbivore footprint across all experimental fields.
Among them, the genus Pratylenchus infects a wide vari-
ety of host plants (Kanzaki et al., 2023). These nema-
todes are also well adapted to drought; while most nema-
todes prefer a soil water content of at least 5%, Praty-
lenchus can survive at 2% (Inomoto & Oliveira, 2008;
Neher, 2010). Also, they can endure unfavourable condi-
tions for up to 9 months in dead roots without a living host
plant. Scutylenchus, another common genus in the Span-
ish soils, is capable of entering a dauer stage to survive
lack of food or moisture (Hashemi et al., 2020). Likely,
the other plant-feeding nematodes inhabiting the Span-
ish soils (Bitylenchus, Pratylenchoides, Dolichorhynchus)
also possess some adaptations to withstand longer periods
of drought (Womersley, 1987; McSorley, 2003).

Overall, the nematode communities in the different
Mediterranean regions were primarily shaped by local
conditions. The severe drought in Spain, in particular,
allowed plant parasites to prosper, posing a threat to soil
quality and health and thus to agriculture in this region.

EFFECTS OF MEDITERRANEAN CLIMATE ON FOOD
WEB STABILITY AND DECOMPOSITION CHANNELS

The seasonal climate differed greatly between the
investigated regions. Most importantly, the eastern
Mediterranean is distinguished by regular summer
droughts, with precipitation mainly occurring in winter
and early spring (Porqueddu et al., 2016). These (Jordan
and Lebanon; Suppl. Fig. S1) showed low EI and SI areas,
particular during summer dryness, comparable to nema-
tode communities in an arid desert (Ferris, 2010). This
reflects that microbial grazers, but also higher trophic lev-
els, were hampered by low precipitation (Suppl. Fig. S1)
together with the low nutrient content of the soil (Neher,
2010).

Summer dryness with low precipitation in combination
with high temperature reduces the survival rate of nema-
todes by the fragmentation of their soil habitat (Neher,
2010), resulting in the low nematode population den-
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sity in Jordan and Lebanon in autumn. Especially omni-
vores and predators are hampered by the disruption of
their hunting grounds, while at the same time requiring
years to recover (Okada & Harada, 2007). Despite the
low structure and stability of the food web indicated by
EI and SI, the soils of Jordan and Lebanon showed a
surprisingly good metabolic balance regarding their func-
tional metabolic footprints. The nematode communities
in the eastern Mediterranean soils apparently can with-
stand the harsh summer conditions and maintain a certain
level of metabolic activity and function. Vandegehuchte
et al. (2015) reported that nematode communities from
dry ecosystems are much better adapted to drought and
can recover more quickly. From the higher trophic levels,
normally susceptible to such changes, the genus Eudory-
laimus seems to recover especially quickly from the sum-
mer drought.

As hypothesised, the dry climate in the eastern Mediter-
ranean regions led to fungal dominated decomposition
pathways, while the western Mediterranean was more
bacterial dominated. This is further supported by the high-
est metabolic activity of the fungal channel in Jordan and
Lebanon, which were comparable to other dry grasslands
(Li et al., 2024). While bacteria depend on the water-filled
pores between soil particles as habitat, fungi can grow in
air-filed pores (Guan et al., 2021). Thus, fungi can cope
better with low soil moisture, giving them an advantage in
locations where drought re-occurs regularly (de Vries et
al., 2018).

Considering the influence of winter rain, the metabolic
footprints pointed towards an increased activity of the
bacterial and fungal decomposition between autumn and
spring. Generally, bacteria and bacterial-feeding nema-
todes are directly promoted by an increased soil water
content (Neher, 2010; Guan et al., 2021). On the other
hand, fungi and their nematode grazers may benefit from
both winter rain and summer drought. During the vegeta-
tion season, AM fungi prosper due to the presence of host
plants (Yang et al., 2010), whilst during plant dormancy in
winter the saprotrophic fungi proliferate on plant residues
from the last vegetation period (Rousk & Baath, 2011).

The Spanish site, with nematode populations adapted
to a mesic climate, responded differently to the severe
drought occurring in the experimental period (Sebastia et
al., 2024). Both food-web stability and metabolic activity
were very low, resembling agricultural soil (Ewald et al.,
2022). The degraded food web conditions, combined with
the low unbalanced metabolic footprints, suggest a decline
in the magnitude of ecosystem function and services
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provided by nematode (Ferris, 2010). Thus, proposed
climate change with more prolonged drought can be
expected to lead to a permanent reduction in stability and
activity of the soil micro-food web.

EFFECT OF PLANT FUNCTIONAL GROUP ON THE
NEMATODE COMMUNITY

While only a few plant-feeding nematodes responded
to the differences in plant functional groups, the direc-
tion of change was comparable: The presence of grasses,
especially L. perenne, increased their numbers, supporting
the hypotheses that the complex and large root systems
of grasses are associated with plant feeders (Neher, 2010;
Fleming et al., 2016). This is also in line with Viketoft ez
al. (2005), who reported that the presence of plant-feeding
genera was greatest under grasses compared to legumes
and forbs. However, the nematode genera linked to the
change in plant functional group all belonged to the fam-
ily Tylenchidae. They are ecologically responsive, oppor-
tunistic nematodes, which can react quickly to microhab-
itat variations caused by different plant cover (Bongers,
1990; Ou et al., 2005). Furthermore, Tylenchidae are more
common in the upper root zone, where the changes in root
traits are most pronounced (Ou et al., 2005).

Among microbial grazers, Aphelenchus also profited
from the presence of grasses. These nematodes are plant-
associated root and fungal feeders (Yeates et al., 1993),
and can switch food sources depending on availability
(Ruess et al., 2000; Zhang et al., 2020). This allows
them to feed on either fungal hyphae or grass roots.
Furthermore, in poor environments, grasses form sym-
bioses with AM-fungi to increase the uptake of nutri-
ents (Grayston et al., 2004). This was also shown by
Harkes et al. (2021), where grasses increased the fungal
community, subsequently leading to more fungal-feeding
nematodes. The bacterial-feeding Aprutides, Acrobeles
and Kirjanovia were also more common under grasses.
Using different exudates, grasses create a specific bac-
terial community in their rhizosphere (Grayston et al.,
1998), which might attract certain bacterial-feeding taxa
(Viketoft et al., 2005).

In support of our hypothesis, Bursilla and Rhabditis
were more common under legumes, which is in line with
previous experiments (Viketoft et al., 2005). Legumes,
often used as cover crops, are well known to enhance
the bacterial channel through exudates, and in turn bac-
terial grazers such as nematodes (Zhao et al., 2014; Wang
et al., 2024). However, these plants may influence bac-
terial feeders more directly. Horiuchi et al. (2005) stated
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that legumes actively attract bacterial-feeding nematodes
through plant volatiles, released in order to bring rhizo-
bia into the rhizosphere. Regarding the nematode indices,
legumes are correlated with a lower CI, pointing towards
a more bacterial dominated decomposition. Furthermore,
the metabolic footprints associated with bacterial feeders
(bacterial footprint, enrichment footprint) were also corre-
lated to the presence of legumes, underlining the positive
effect of these plants on the bacterial carbon and energy
channel.

A positive effect of legumes on bacterial-feeding nema-
todes was especially visible in this experiment, while
grasses fostered plant-feeding, but also some fungal- and
bacterial-feeding genera. However, since grasses had an
effect on multiple genera, belonging to different trophic
levels, future research should investigate the interactions
between grass forage plants and nematode communities
in Mediterranean soils more closely.

Conclusion

This study, comparing western and eastern Mediter-
ranean grasslands, is the first to examine nematode fauna
under different forage plants in Jordan and Lebanon.
Especially the local conditions shaped the nematode com-
munity, where reduced precipitation favoured plant- and
fungal-feeding nematodes. A severe drought in Spain dur-
ing the study period increased the occurrence of plant-
feeding nematodes and decreased food web top-down
control as well as the overall metabolic activity. This sce-
nario is particularly relevant in the light of future climate
change, which is expected to increase dry periods in the
Mediterranean. The type of forage plant had minor effects
on the structure and function of the nematode commu-
nity during the 2 years of vegetation shift. For example,
legumes enhanced some bacterial-feeding genera, while
grasses provided a good environment for some plant par-
asites. However, the effect of different plant functional
groups on nematodes was strongly modified by regional
conditions, calling for locally adapted grassland manage-
ment strategies.
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Supplementary Table S1. Soil properties and climate data during the experimental period of the five investigated Mediterranean

regions.
France Slovenia Spain Jordan Lebanon
Soil properties
Sand (%) 51.33 30.355 41.073 n.a. 17.4
Silt (%) 17.895 36.22 25.323 n.a. 23.6
Clay (%) 30.775 33.425 33.603 n.a. 59
Texture Sandy clay loam Clay loam Loam n.a. Clay
C org (%) 1.85 4.95 1.32 0.57 1.2
Organic matter (%) 3.19 8.54 2.27 0.98 2.07
N (%) 0.23 0.34 0.16 0.09 0.1
P (mg (kg DW)~1) 48.78 7.71 9.45 38.16 49.43
pH 5.98 7.69 8.2 7.78 8.15
Water content (%) 21.25 22.25 6.92 8.81 8.57
Climate data
Mean annual temperature (°C) 10.1 12.5 14.1 18.9 19.1
Mean annual precipitation (mm) 975 1178 530 417 602
n.a. = not available.
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Supplementary Table S2. Density of the nematode genera and overall density in individuals (g DW)~! (£s.d.) in France of both

sampling dates.

Autumn Spring

Grasses Legumes Forbs Grasses Legumes Forbs
Achromadora 0.0+0.0 0.0+0.0 0.0+0.0 0.1+0.1 0.0+0.0 0.0+0.0
Acrobeles 0.0£0.0 0.0+0.0 0.1+02 0.0+0.0 0.0+0.0 0.0£0.0
Acrobeloides 1.1+0.6 09+05 0.8+0.1 33+13 24406 1.94+03
Allodorylaimus 0.0£0.0 0.0£0.0 0.0+0.0 0.1+0.1 0.0+0.0 0.0£0.0
Anaplectus 0.0+0.0 0.0+0.0 0.0+0.0 0.1+0.1 0.1+0.1 0.1+02
Aphelenchoides 02+0.1 03+03 02+02 03+03 1.8+2.1 04+05
Aphelenchus 1.24+04 1+£0.5 0.8+0.7 3+1.1 1.8+ 1.1 21+13
Aporcelaimus 0.0+ 0.0 0.0+0.0 0+0.1 0.1 £0.1 0.1 £0.2 0.0+ 0.0
Basiria 0.0+0.0 0.0+ 0.0 0.1+0.1 02402 0.1+0.1 0.0+ 0.0
Boleodorus 0.1£0.1 0.1£0.1 02+03 0.5+0.1 05+02 0.5+0.1
Bursilla 0.0+0.0 0+£0.1 0+£0.1 02+0.1 04404 0.0+0.0
Cephalobus 02+£0.1 02+0.1 02+£0.1 02+0.3 0.1+0.1 02+02
Cervidellus 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0+£0.1
Chiloplacus 0.0£0.0 0.0£0.0 0+0.1 04+£0.1 0.1 £0.1 03+03
Clarkus 0.0+0.0 0.0+ 0.0 0.0+0.0 0.1+0.1 0.1+0.1 0+£0.1
Coslenchus 0.1+0.1 0.0+0.0 0£0.1 02403 02+02 03+0.1
Epidorylaimus 0.0+0.0 0.0+ 0.0 0.0+0.0 0.1+02 0.0+0.0 0.1+0.1
Eucephalobus 02=+0.1 03+03 02+0.1 04+03 0.6 £0.5 09+03
Eudorylaimus 0.1+0.1 0.1+0.1 0.0+0.0 0.8+0.7 0.5+02 03+03
Eumonhystera 0.1 £0.1 0+0.1 0.0+0.0 0.6 £0.5 0405 0402
Filenchus 0.1+02 03+0.1 03403 09+04 0.8+0.7 0.5+03
Helicotylenchus 0.6 +0.5 03+02 1.3+0.7 28+2.1 1.7+0.5 32433
Heterocephalobus 09+1 02+0.1 0.5+03 05+02 09405 04+04
Lelenchus 0.1£0.1 0.1+0.1 02+0.2 0.3+0.1a 0.1 +£0.1b 0.1£0.1b
Malenchus 0+£0.1 0.1+02 0.1+0.1 0.1+0.1 0.1+0.1 0.1+0.1
Merlinius 0.0+0.0 0+£0.1 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Mesodorylaimus 0.1+0.1 0£0 0+£0.1 0.0+0.0 0.0+0.0 0.1+02
Mesorhabditis 0.7+ 0.1c 4+ 3a 2+08b 0.6+04 03403 03+03
Metateratocephalobus 0.0+ 0.0 0.0£0.0 0+0.1 0.0 +£0.0 0.0+ 0.0 0.0 £0.0
Monhystera 0.0+0.0 0.0+0.0 0.0+0.0 03402 02402 0.1+0.1
Mononchoides 0.0+ 0.0 0.0+ 0.0 0.0+0.0 0.0+0.0 0.1+03 0.1+02
Mylonchulus 0.0+0.0 0.0+0.0 0.0+0.0 0.1+0.1 0.0+0.0 0.0+0.0
Nagelus 0.0+0.0 0+£0.1 0.0+0.0 03+03 0.1+0.1 0.0+0.0
Panagrellus 0.2+0.1 0.1+0.1 0.1+0.1 0.2 + 0.3ab 0.7 £ 0.2a 0.1 +0.2b
Panagrolaimus 1.3+1.3 05+04 0.8+05 55+6 52431 29+ 1.7
Paraphelenchus 0.6 £ 0.7a 0+£0.1b 0.1 +0.1ab 02403 0.4+05 02+02
Paratylenchus 0.0+0.0 0.0£0.0 0.0+0.0 02403 02402 0.1+02
Pellioditis 03+02 09+03 0.6 +0.1 53+6.6 27422 0.6+04
Plectus 0.1£0.1 0.1£0.1 0.1+02 1.1+£0.6 0.7+0.8 0.5+03
Pratylenchoides 0+£0.1 0.0+0.0 0.1+02 02402 02402 0.1+0.1
Pratylenchus 0+£0.1 0.1+02 0.1+0.1 0.1+02 0.0+0.0 02+02
Prionchulus 0.1+0.1 0.0+0.0 0+£0.1 0.1+0.1 0.0+0.0 0.0+0.0
Prismatolaimus 0.0£0.0 0.0£0.0 0.1+£0.1 0.1£0.1 02+£0.2 0.1+£0.2
Pungentus 0.0+0.0 0.0+0.0 0.0+0.0 0.5+05 05+02 03+02
Rhabditis 0.7+0.6 1.3+04 1.3+038 123 £ 10.1 11.5+ 104 24+12
Scutylenchus 0.0+0.0 0.0+0.0 0.0+0.0 0.5+0.6 03+04 0.1+0.1
Thonus 0.0+0.0 0+£0.1 0.0+0.0 0.1+0.1 0.1+0.1 0+£0.1
Tylenchorhynchus 0+£0.1 0+£0.1 02402 0.1+0.1 02404 0+£0.1
Population density 9.5+39 12+43 10.7+1.2 43.6 £ 15.8a 37 £ 8.1ab 20.5 + 5.6b

Significant differences between plant functional groups in autumn and spring are indicated by different letters and marked in italics
(Dunn-Bonferroni, P < 0.05).
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Supplementary Table S3. Density of the nematode genera in individuals (g DW)~! (& s.d.) in Slovenia at both sampling dates.

Autumn Spring
Grasses Legumes Forbs Grasses Legumes Forbs

Acrobeles 0.8+0.6 1+£0.8 0.6+04 0.3+ 0.2a 0.1 +0.1ab 0.0£0.0b
Acrobeloides 23+ 1.7 29+24 234+09 0.8+02 0.8+02 1£04
Allodorylaimus 0.0+0.0 0.1+0.1 0.0+0.0 0.1+02 0.1+0.1 02402
Anaplectus 0.1+0.1 02404 0.0+0.0 0.0+0.0 0.1+0.1 0+£0.1
Aphelenchoides 1.8+1.2 28+ 15 1.5+0.6 1£0.8 1£0.5 0.8+03
Aphelenchus 1.4+04 25408 254+09 0.6+0.5 0.6+03 12402
Aporcelaimus 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.1 £0.1 0.1 £0.1 02+0.1
Basiria 03403 0.4 +0.1 0.1+02 02+0.1 02+0.1 02+0.2
Boleodorus 03403 04+03 03+04 02+0 03+0 03+03
Bursilla 0.1+0.1 0.0+0.0 0+£0.1 0.0+0.0 0.1+0.1 0+£0.1
Cephalobus 03403 03+03 03+0.1 02+02 02+0.1 0.1+02
Cervidellus 0.1+0.1 02402 0+£0.1 0.0+0.0 0.0+ 0.0 0.0+0.0
Chiloplacus 0.1+0.2 03+03 02+02 04+02 0.1£0.1 03+02
Clarkus 0.0+0.0 0.0+0.0 0.0+0.0 0+£0.1 0.0+ 0.0 0.1+02
Coslenchus 0.1 £0.1 02+£02 0.1+£0.1 0+0.1 0.1+02 02+03
Ditylenchus 0.0+0.0 0.0+0.0 0.1+02 0+£0.1 0.1+0.1 0.1 £0.1
Dorydorella 02403 0.1+0.1 0.1£0.1 02+02 0.1+02 02+0.1
Epidorylaimus 0.0+0.0 0.0+0.0 0.0+0.0 0.0+ 0.0 0+£0.1 0.1+03
Eucephalobus 1£038 12+04 0.7+£0.3 0.8+£09 0.8+£0.4 09+04
Eudorylaimus 04405 04404 0240 09+02 0.6+02 0.7+0.3
Eumonhystera 03403 0.7+0.3 0.8+0.6 03+03 03+02 03+03
Filenchus 09+0.8 1.1+0.6 0.7+02 1+£0.5 0.8+0.3 04404
Helicotylenchus 1.6+14 0.3+0.3 04+0.3 02+0.1 0.1 £0.1 0.1 £0.1
Heterocephalobus 09405 0.6+04 1.1+1 1.1+1 1+£03 0.6+03
Lelenchus 04+£05 0.6 £0.6 03+£0.1 02+£0.1 0.0£0.0 0.1+£0.1
Malenchus 02403 04404 04+04 0.1 £0.1b 0.5+ 0.2a 0.1 +0.1b
Merlinius 09+£02 02+0.3 03+£0.6 0.1+0.1 0.1+0.1 0£0.1
Mesodorylaimus 0.1+03 02404 0.1+0.1 0+£0.1 0.1+0.1 0.1+0.1
Mesorhabditis 14£06 0.6+04 1.1+£0.7 0.0+0.0 0.0+0.0 0.0+0.0
Metateratocephalobus 04402 02403 0.4+0.1 0.1+0.1 0.1+0.1 0.0+0.0
Monhystera 0.0£0.0 0.1 £0.1 0+0.1 04+04 0.1+£0.2 0.1£0.1
Mylonchulus 0.0+0.0 0.0+ 0.0 0.0+0.0 0.0+ 0.0 0.0+ 0.0 0+£0.1
Panagrellus 0.1 +£0.2 0.0+0.0 0.0+0.0 05+04 03=£0.1 0.6+04
Panagrobelus 0.0+0.0 0.0+0.0 0.0+0.0 02+02 0+£0.1 0+£0.1
Panagrolaimus 0.6+ 1.1 0.4+02 04+04 1£0.6 04+04 0.8+0.6
Paraphelenchus 0.1+0.2 0.1+0.1 03402 0.1+0.1 0.1+0.1 0.1+0.1
Paratylenchus 0.1+03 0.0+0.0 0.1+0.1 0+£0.1 0.0+0.0 0.0+0.0
Pellioditis 03+04 02402 0.1+0.1 03+04 03+02 0.5+03
Plectus 09+£05 14+£05 09+1 1.1£1 04+03 04+£0.2
Pratylenchoides 02402 0.1+0.1 0.1+0.1 0.1+0.1 0.0+0.0 0.1+0.1
Pratylenchus 0.7+£04 02+0.1 0.4+03 02+0 02402 02+0.1
Prionchulus 0+£0.1ab 0.2+ 0.2a 0.0£0.0b 0.0+ 0.0 0+£0.1 0.1+0.1
Prismatolaimus 09+04 05+0.8 0.6 +0.6 04+05 0.1+0.1 0+£0.1
Pristionchus 0.0+0.0 0.0+0.0 0.0+0.0 02+02 0.0+0.0 02402
Rhabditis 0.7+ 0.6 03+04 03402 0.7+0.5 0.2+0.1 1.1+0.6
Rotylenchulus 0.5+0.7 04+05 04+05 04+03 04+03 02402
Thonus 0.1+0.1 0.4 +0.1 03402 0.1+0.1 0.1+0.1 02+0.2
Wilsonema 02402 02402 02+02 03+02 02+02 03402
Population density 21.7 £ 8.8 222454 18.7+49 15+6.2 11.3+£19 13.5+47

Significant differences between plant functional groups in autumn and spring are indicated by different letters and marked in italics
(Dunn-Bonferroni, P < 0.05).
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Supplementary Table S4. Density of the nematode genera in individuals (2 DW)~! (& s.d.) in Spain at both sampling dates.

Autumn Spring

Grasses Legumes Forbs Grasses Legumes Forbs
Acrobeles 0.0+0.0 0+0.1 0.0 £0.0 0.1£03 0.1£0.2 0.0+0.0
Acrobeloides 05+03 1+1.2 0.7+0.2 0.9 +0.7 1.1+04 1.5+ 0.6
Amplimerlinius 0.1+0 0.1 £0.1 0.1 £0.1 04 £0.6 02+0.2 0.1 £0.1
Aphelenchoides 1+04 1.2£0.6 12+04 1.3+09 1.6 £0.7 1.1£0.3
Aphelenchus 0.24+0.1 04 +0.1 02+02 0.5+ 0.6 0.7+ 0.6 03+£0.2
Basiria 03+03 0.2 +£0.1 0.1 £0.1 03+£03 02+0.1 0.1 £0.1
Bitylenchus 04+£03 0.5+0.1 03=£0.1 0.6 £ 0.6 0.6 £ 0.5 03+03
Boleodorus 03+02 0.3+0.1 0.1 £0.1 0.7+ 0.7 0.6 +04 03+£0.2
Cephalobus 0.0+ 0.0 0.0 £ 0.0 0.0+ 0.0 0+0.1 0.1 £0.1 0.2+0.1
Chiloplacus 0.0 £0.0 0.0£0.0 0.0£0.0 0.1£0.1 02=+0.1 02402
Coslenchus 0.1 £0.1 0.0 £ 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0 £ 0.0
Ditylenchus 02403 0.1 £0.1 0.1 £0.1 1£05 0.8 +0.7 0.8 £0.5
Dolichorhynchus 02+£0.2 03+03 0.1 £0.1 0.1£0.1 0.1£0.1 0.1 £0.1
Dorydorella 0.0+ 0.0 0.0 £ 0.0 0.0+ 0.0 0.1+0.2 0.0+ 0.0 0.0 £ 0.0
Eucephalobus 0.0+ 0.0 0.1 £0.1 0.0+ 0.0 0.0+00b 0.3+0.2a 0.1+0.1b
Eudorylaimus 0.1£0.2 02+04 0.1£0.2 03+£03 0.1£0.2 03402
Eumonhystera 0.0£0.0 0.1 £0.2 0.1 £0.1 0.0£0.0 0.0£0.0 0£0.1
Filenchus 04+02 0.4 +£0.1 03+£02 05+04 02+0.2 03+0.2
Helicotylenchus 02=£0.1 02+0 03=£0.1 0.0£0.0 02+£0.2 0+0.1
Heterocephalobus 0.0£0.0 0.1 £0.1 0.1 £0.1 0.1 £0.2 0+£0.1 0.0+ 0.0
Lelenchus 0+0.1 0.0 £ 0.0 0+0.1 0.0+ 0.0 0.0+ 0.0 0.0 £ 0.0
Malenchus 0.1£0.1 02+0.2 0.1£0.2 0.0£0.0 0.0£0.0 0.0+0.0
Meloidogyne 0.0+ 0.0 0.0 £ 0.0 0.0+ 0.0 0.0+ 0.0 0+0.1 0.0 £ 0.0
Merlinius 0.2+0.1 04£0.5 0.1 £0.1 02+£02 03+04 0.1 £0.1
Mesodorylaimus 0.0£0.0 0.1 +£0.1 0+0.1 0.0£0.0 0.0£0.0 0.0+0.0
Metateratocephalobus 0+£0.1 0.1 £0.1 0.0£0.0 0.1 £0.1 0.1 £0.1 0.0+ 0.0
Nagelus 02+02 0.1+£0.2 02+02 0.6 +0.3 0.7+04 0.9+ 0.9
Panagrellus 0.0+0.0 0.0 £ 0.0 0.0+0.0 0.0+0.0 0+0.1 0.0 £ 0.0
Panagrolaimus 0.0£0.0 0+£0.1 0.0£0.0 02+£03 0.1£0.3 0.2+0.1
Paraphelenchus 0.0+ 0.0 02+03 0.1+0.2 0.0+ 0.0 0.1 £0.1 0.0 £ 0.0
Paratylenchus 0.1£0.1 0.1 £0.1 0.1£0.1 04 £0.6 0.1£0.1 02403
Pratylenchoides 04 +0.6 02+03 0.24+0.1 0.6 04 0.3+0.1 05+04
Pratylenchus 12+0.8 14+1 09+£0.5 1613 21£15 21+£1.6
Prismatolaimus 0.1 +£0.2 0.2+0.3 0.1 £0.1 0.0+ 0.0 0.0+ 0.0 0.0 £ 0.0
Psilenchus 0.0+ 0.0 0.0 £ 0.0 0.0+ 0.0 0.0+ 0.0 0.1 £0.1 0.0 £ 0.0
Rotylenchus 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0+0.1 0£0
Scutylenchus 04+£03 05+04 03+£02 09+0.8 09 =£0.7 0.8+04
Thonus 0.1 £0.1 0.1 £0.1 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0 £ 0.0
Tylenchorhynchus 03+03 0.5+0.5 0.1 £0.1 0.7+ 1.1 0.5+05 0.5+0.1
Wilsonema 0.0+ 0.0 0.0 £ 0.0 0.0+ 0.0 0.0+ 0.0 0+0.1 0.0 £ 0.0
Population density 125+59 152+£58 10.1 £4.5 125+7 122+ 4.8 11.1£5.1

Significant differences between plant functional groups in autumn and spring are indicated by different letters and marked in italics
(Dunn-Bonferroni, P < 0.05).

832 Nematology



Nematode communities under different forage plants

Supplementary Table S5. Density of the nematode genera in individuals (g DW)~! (& s.d.) in Jordan at both sampling dates.

Autumn Spring

Grasses Legumes Forbs Grasses Legumes Forbs
Acrobeles 0.1 +0.1 0.0+0.0 0.0+0.0 0.8+09 0.1+02 02403
Acrobeloides 294028 2.1+£0.7 19+13 69+5 56+42 6.7+£25
Alaimus 0.0+0.0 0.0+0.0 0.0+0.0 0.1+02 0.0+0.0 0.0+0.0
Amplimerlinius 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 02404 0.1+02
Aphelenchoides 03+0.2 14£15 0.6+0.2 22+19 1.5+1.3 1.24+03
Aphelenchus 1.3+0.8 09404 0.6+£0.2 22+£23 22+18 1.6+ 1.7
Aporcelaimellus 0.2+ 0.2a 0.0+0.0b 0.0+0.0b 0.1 +£0.1 0.1 £0.1 0+0.1
Aprutides 0.0+0.0 0.0+ 0.0 0.0+0.0 0.1+0.1 0.0+0.0 0.0+0.0
Basiria 03+04 04403 02403 02+03 04+04 0.1+03
Boleodorus 04403 04404 03405 0+£0.1 0.1+0.1 02403
Cephalobus 03+0.2 03402 02402 1£0.5 0.8+0.6 0.6+04
Cervidellus 03402 03402 0.1+0.1 0.0+ 0.0 0.1 £0.1 0.1 £0.1
Chiloplacus 04+£03 0.7£05 03+£0.2 0.6£0.7 09+0.3 0.7+£0.3
Coslenchus 03+04 0.1+0.2 02403 0.0+ 0.0 0.0+0.0 0.0+0.0
Cribronema 0.1 £0.1 02+£02 0.1 £0.1 0.0£0.0 0.1+0.1 0.0+0.0
Ditylenchus 1.4+0.7 1.1+04 1.6 £0.3 3.6+23 35435 2.84+09
Dorylaimellus 0+£0.1 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Drilocephalobus 0.0+0.0b 0.1+0.1a 0.0+ 0.0b 0.0+0.0 0.0+ 0.0 0.0+0.0
Ecumenicus 0.1 £0.1 0+0.1 0.0+ 0.0 03+0.3 02+0.3 0.1 £0.2
Eucephalobus 03+04 0.1+0.1 03+0.1 02+03 04403 0.4+0.6
Eudorylaimus 02+0.2 02403 0.1+0.1 1.1+04 1£08 0.6+04
Eumonhystera 0.2+0.2 0.2+0.2 0.1 £0.1 1.1 +1.1 1+13 0.6 £0.7
Filenchus 0.6 £0.5 04+£02 09+0.5 09+0.3 14+£0.7 1.1£0.3
Geocenamus 0.1+0.1 0.0+ 0.0 0.1+0.1 02+03 02403 0.0+0.0
Helicotylenchus 0.1 £0.1 0+0.1 0+0.1 04+£0.5 04 +£0.6 0.0£0.0
Heterocephalobus 0+£0.1 02402 0.1+02 0.1+0.1 0.0+0.0 0.1+02
Kirjanovia 0.0£0.0 02+04 0.0£0.0 05+1 0.1+£0.1 0.1+£0.2
Lelenchus 0240.1 04404 04402 04+07 02403 0.6+02
Malenchus 0.1 £0.1 0.1 £0.1 0.1£0 04+04 02+0.2 0.6+£0.2
Mesodorylaimus 0.1 +0.1 0.0+ 0.0 0.1+0.1 0.0+ 0.0 0.0+0.0 0.0+0.0
Mesorhabditis 0.0£0.0 0.0£0.0 0.0£0.0 0+0.1 0+0.1 0.1+02
Monhystera 0+£0.1 0+0.1 0.0+0.0 0.1+0.1 0.0+0.0 0.0+0.0
Nygolaimus 0=+0.1 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Panagrellus 0.1+0.1 0.0+0.0 0.1+02 0.0+ 0.0 0.0+0.0 0.0+0.0
Panagrolaimus 03+£03 04+£04 04+£03 04+£0.7 0.8 £0.7 14+£1
Paraphelenchus 0+£0.1 0.1+0.1 0.0+0.0 0.0+ 0.0 0.0+0.0 0.0+0.0
Paratrophurus 0.0£0.0 0.0£0.0 0.1 £0.1 0.1+£0.2 0.1+0.1 0.1+£0.2
Paratylenchus 0+£0.1b 0.1 £+ 0.2ab 14+22a 19+22 139+ 169 0.1+0.1
Plectus 0.1 £0.1 0.1 £0.1 03+£0 0.0+0.0 0.0+0.0 0.0+0.0
Pratylenchus 0.1+0.1b 0.1+0.2b 0.7 £ 0.5a 0.1 +0.1ab 0.3+ 0.2a 0.0+0.0b
Prismatolaimus 0.0+0.0 0£0.1 0.0+ 0.0 0.0+0.0 0.0+0.0 0.0+0.0
Psilenchus 0.0+0.0 0£0.1 0.1+0.1 0.1+0.1 0.1+0.1 0.1+0.1
Pungentus 0.0+0.0 0£0.1 0.0+0.0 0.0+0.0 0.0+0.0 0.0+ 0.0
Thonus 0.1 +0.1 0.1+0.1 0+£0.1 02+0.1 0.0+0.0 0+£0.1
Tylencholaimus 0.0+0.0 0.0+0.0 0.0+0.0 0.1+0.1 0.0+0.0 0.0+0.0
Tylenchorhynchus 0.0+0.0 0.0+0.0 02402 09+05 1£0.6 03+03
Tylenchus 0+£0.1 0.0+0.0 0.0+ 0.0 0.1+03 0.0+0.0 0+£0.1
Wilsonema 0+£0.1 0.0+0.0 0.0+0.0 1.24+09 1.1+£19 08+1
Population density 10.7 £2.2 11.1+£22 11.7+£23 285+11.3 37.5 +£28.23 214 +£6.8

Significant differences between plant functional groups in autumn and spring are indicated by different letters and marked in italics
(Dunn-Bonferroni, P < 0.05).
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Supplementary Table S6. Density of the nematode genera in individuals (g DW)~! (& s.d.) in Lebanon at both sampling dates.

Autumn Spring
Grass Legumes Forbs Grass Legumes Forbs

Acrobeles 0.5+0.7 0.1+02 0.1 +£0.1 0.5+05 0+£0.1 04£05
Acrobeloides 45+22 25+ 1.1 23+1.7 88+£72 56+23 174+ 112
Alaimus 0.0£0.0 0.0+£0.0 0.0+£0.0 0.0+0.0 0.0+£0.0 02+03
Amplimerlinius 0.0£0.0 0.0+£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.1+0.1
Aphelenchoides 1.1£09 1.6+1.8 21+12 35+19 23+1 6+57
Aphelenchus 3.1£0.8a 0.9 £ 0.5b 0.8 £ 0.6b 33+£26 1.2+0.7 42+39
Aporcelaimellus 03+04 0+0.1 0.1 £0.1 0.1 £0.2 0+0.1 0.1 £0.2
Aprutides 0.0+ 0.0 0.0+0.0 0.0+ 0.0 0.1+02 0.0+0.0 0.0+ 0.0
Basiria 0.8+0.8 04402 0.1+0.1 02+03 0.1+03 02+05
Boleodorus 0.6 £0.5 03+03 02+03 0.1+02 02+0.2 03+03
Cephalobus 05+03 04+£02 03+03 0.6 +£0.8 03+04 08+1
Cervidellus 05+04 0.5+0.1 02+02 0.0+0.0 0.0+£0.0 0.0£0.0
Chiloplacus 1.24+05 0.8 +£0.6 05+03 0.5+ 0.3b 0.9 £ 0.3ab 1.6 £ 0.9a
Coslenchus 0.6+0.7 02402 06+1 0.0+ 0.0 02403 0.0+ 0.0
Cribronema 02402 02402 0+£0.1 0.0+ 0.0 0.0+0.0 02+04
Discolaimus 0.1£0.1 0.0£0.0 0+0.1 0.0+£0.0 0.0+£0.0 0.0+£0.0
Ditylenchus 2407 1.5+05 2242 45+34 1.8+14 8.6 6.7
Dorylaimellus 0.0£0.0 0.0+£0.0 0.1+£0.1 0.0+0.0 0.0+£0.0 0.0+£0.0
Drilocephalobus 0.0£0.0 0.1£0.1 0.0£0.0 0+£0.1 0.0+£0.0 02+03
Ecumenicus 0£0.1 0+£0.1 0.0+ 0.0 03+04 0.0+0.0 02+02
Eucephalobus 05+04 04403 04+04 03+03 0.1 +£0.1 09+1.7
Eudorylaimus 04+04 05402 02403 1.1+12 04402 26+19
Eumonhystera 0.7+£0.5 03+0.2 03+04 0.7 £0.3b 0.8 £0.9b 5.7 £ 4a
Filenchus 03+£04 08+0.3 0.8+03 0.8+04 06+1 2619
Geocenamus 0.0£0.0 0.1+£03 03+05 02+02 0.1+£0.2 0.1+£02
Helicotylenchus 0.1£0.1 0.1+£0.2 02+03 0.1+£02 0+0.1 0.0£0.0
Heterocephalobus 0.1 +£0.1 04+04 0.0+0.0 02+02 0.0+0.0 0.1+0.1
Kirjanovia 0.0+0.0 02405 0.0+ 0.0 06+12 0.1+02 02+03
Lelenchus 05+05 0.6+04 0.6+0.5 02+02 03403 1.5+1.8
Malenchus 03+£0.2 02+0.2 02+£0.1 0.0+0.0 03+04 13£13
Mesodorylaimus 0.1£0.1 02+0.2 0.1+£0.1 0.0£0.0 0.0+£0.0 0+0.1
Mesorhabditis 0.0£0.0 0.1+£0.2 0.0+£0.0 0.1+£02 0.1+£0.1 27+£5.1
Monhystera 0.1 £0.1 0+£0.1 0.0+0.0 0.1+0.1 0.0+0.0 02+04
Nygolaimus 0.1 +£0.1 0.0+0.0 0.0+0.0 0.0+ 0.0 0.0+0.0 0.0+ 0.0
Panagrellus 0.0+0.0 0+£0.1 0.0+ 0.0 0.0+ 0.0 0.0+0.0 0.0+ 0.0
Panagrolaimus 04+03 04+04 03+02 0.6 +£0.8 1.2+07 31.1 £538
Paraphelenchus 0.0+ 0.0 0.1+0.1 0.0+ 0.0 0.1 £0.1 0.0+ 0.0 02403
Paratrophurus 0.0+ 0.0 0.0+ 0.0 0+0.1 02405 0.1 +0.1 02403
Paratylenchus 0.1£0.1 03+£0.6 46+89 04+05 0.6 +£0.5 1.3£23
Plectus 04 +0.6 0.3+0.1 0.6 0.6 0£0.1 02402 07+13
Pratylenchoides 0.0+0.0 0.1 +£0.1 0.1+02 0.0+ 0.0 0.0+0.0 0.0+ 0.0
Pratylenchus 0.0+0.0 0.1+02 1.5+25 0.1+02 0.1+0.1 0.0+ 0.0
Prismatolaimus 0.1£0.1 0+0.1 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0
Psilenchus 0.1£0.1 0.0+£0.0 0.1+£0.1 0.0+0.0 0.0£0.0 0.0+£0.0
Pungentus 0.1£0.1 0+0.1 0.0£0.0 0.0£0.0 0.0+£0.0 0.0£0.0
Rhabditis 0.0£0.0 0.1+£02 0.0+£0.0 0.0+0.0 0.0+£0.0 0.0£0.0
Rotylenchus 0.0+0.0 0+£0.1 0.0+ 0.0 0.0+ 0.0 0.0+0.0 0.0+ 0.0
Thonus 05+04 02402 0.1+02 02+02 0.1+02 04+05
Tylenchorhynchus 0.0£0.0 0.0+0.0 0.1+02 0.7+0.5 06+04 1£09
Tylenchus 0.0£0.0 0.0£0.0 0.0£0.0 02+04 0.1+03 02+03
Wilsonema 0.0+0.0 0.0+£0.0 0.1+£0.1 0.6 1.1 0.0£0.0 2422
Overall density 206+75 154+238 20+ 173 29.9 +19.6 184+ 4.1 58.7 £38.2

Significant differences between plant functional groups in autumn and spring are indicated by different letters and marked in itlaics
(Dunn-Bonferroni, P < 0.05).
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Supplementary Table S7. Effects of plant functional group, plant identity and season on nematode indices and metabolic footprint.

Plant functional group Plant identity Season
MI 8.209%** 2.8% 0.02
PPI 1.16 0.98 0.82
CI 6.37%* 2.75% 10.2%*
EI 5.49%* 3.61%* 4.02%
ST 0.58 0.5 8.927+%*
H 6.7%* 3.17%* 1.11
Herbivore footprint 2.12 1.52 10.61%%*
Fungal footprint 0.87 1.13 10.96
Bacterial footprint 5.42%% 2.24% 12.46%%*
Composite footprint 4.6% 2.03 15.38%%%*
Enrichment footprint 6.15%%* 2.4%* 10.1%%*
Structure footprint 0.36 0.66 19.91%**

Presented are the F'-values of linear mixed models. Asterisks indicate significant effect at *** P < 0.001; **P < 0.01; and *P < 0.05;
the absence of asterisks indicates no significant effect.

Supplementary Table S8. Metabolic footprints (i g C (g DW)~! (£ s.d.)) in the soils of the five Mediterranean regions: France,

Slovenia, Spain, Jordan and Lebanon.

France Slovenia Spain Jordan Lebanon
Autumn Herbivore 0.1 £0.1b 5.0x6.1a 04 +0.2a 0.2+0.1b 0.3 £ 0.3ab
Fungal 0.1 £ 0.1bc 0.3 £ 0.1ab 0.1 £ 0.02¢ 0.3+ 0.1a 0.5+ 0.2a
Bacterial 43+ 1.6a 3.3 £ 1.9ab 0.4 £0.2¢c 1.2 £ 0.4bc 1.7 £ 1.0ab
Enrichment 40+ 1.7a 1.8 £+ 1.4ab 0.1 £ 0.02¢c 0.5 £ 0.2bc 0.7 £0.4b
Structure 0.1 £0.2b 0.6 £0.4a 0.2+0.2b 0.3 £0.3ab 0.6 £ 0.6a
Spring Herbivore 0.5 £ 0.3ab 1.3+ 1.8a 0.8 £ 0.5ab 0.4 £ 0.5ab 03£0.2b
Fungal 0.3 £+ 0.2bc 0.2 £0.1c 0.1 £0.1c 0.8 £ 0.5ab 1.1 £0.9a
Bacterial 24.0 £22.7a 3.8+£24b 0.5+0.2¢c 29+ 1.4b 4.4 £+ 3.9ab
Enrichment 22.8 £22.7a 2.9 £ 2.0ab 0.2+0.1c 1.0 + 0.6b 1.6 + 1.6ab
Structure 0.8 £ 0.6a 1.1 £0.4a 0.2+0.2b 0.7 £ 0.5a 1.0+ 1.1a

Given are the herbivore, fungivore, bacterivore, enrichment and structure footprint in autumn and spring. Values within a row with the
same letters are not significantly different according to Dunn-Bonferroni (P < 0.05).
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Supplementary Table S9. Effects of plant functional group, plant identity and season on the abundance of nematodes.

Plant functional group Plant identity Season

Acrobeles 8.19%** 2.2% 0.69
Acrobeloides 0.39 0.58 14.03%**
Alaimus 0.94 0.89 1.96
Allodorylaimus 0.04 1.12 6.73*
Amplimerlinius 0.19 1.15 3.86
Anaplectus 0.1 0.51 0.03
Aphelenchoides 0.53 1.2 4.3%
Aphelenchus 4.39% 1.32 4.17*
Aporcelaimellus 2.14 1.81 1.45
Aprutides 13.67%%* 4. 17%** 2.43
Basiria 3.94%* 2.22% 0.78
Bitylenchus 0.02 0.54 0.11
Boleodorus 0.3 0.93 0.25
Bursilla 25.05%** 7.29% %% 2.76
Cephalobus 2.78 1.69 3.63*
Cervidellus 0.03 2.25 24.38%%**
Chiloplacus 0.27 2.05 9.05
Clarkus 0.41 0.26 3.11
Coslenchus 0.98 0.75 3.82
Cribronema 2.19 2.56* 5.3%
Discolaimus 1.5 1.07 2.08
Ditylenchus 0.57 0.97 12.05
Dolichorhynchus 0.03 1.13 3.75
Dorydorella 0.05 1.94 2.27
Dorylaimellus 1.4 0.84 2.37
Drilocephalobus 1.22 0.47 0.05
Ecumenicus 28.22%%* 11.77%%* 8.9%*
Epidorylaimus 0.1 0.46 3.09
Eucephalobus 1.84 1.29 0.9
Eudorylaimus 0.54 0.36 24 477
Eumonhystera 2.03 0.24 6.87%
Filenchus 2.39 0.97 7.33
Geocenamus 0.97 4.04%%* 0.25
Helicotylenchus 2.83 1.39 2.2
Heterocephalobus 0.37 1.53 0.04
Kirjanovia Q.73 %% 3.36%* 2.05
Lelenchus 6.98%** 2.43% 0.1
Malenchus 3.6% 0.94 1.49
Meloidogyne 0.02 0.53 3.23
Merlinius 0.29 0.64 5.18*
Mesodorylaimus 0.65 1.33 4.57%
Mesorhabditis 1.48 0.58 2.65
Metateratocephalobus 0.02 0.7 5.31%
Monhystera 0.76 0.46 12.7%%%
Mpylonchulus 0.01 0.88 1.82
Nagelus 0.52 0.61 10.78**
Nygolaimus 0.01 3.7%%* 2.16
Panagrellus 2.34 0.68 11.16%*
Panagrobelus 0.07 0.43 3.9
Panagrolaimus 1.53 0.62 2.63
Paraphelenchus 1.77 1.16 0.73
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Supplementary Table S9. (Continued.)

Plant functional group Plant identity Season
Paratrophurus 0.04 1.15 5.94%
Paratylenchus 0.26 0.97 1.29
Pellioditis 2.03 1.19 3.9
Plectus 1.76 1.09 0.01
Pratylenchoides 0.51 2.17* 1.52
Pratylenchus 1.82 2.03 0.01
Prionchulus 0.21 0.55 0.54
Prismatolaimus 0.08 0.72 5.59%
Pristionchus 0.05 1.14 5.42%
Psilenchus 0.7 1.01 0.1
Pungentus 0.01 1.42 2.97
Rhabditis 10.27%%* 3.12%* 7.92%%*
Rotylenchus 0.04 0.34 13.81%%%*
Scutylenchus 0.37 1.49 9.93**
Thonus 0.05 1.35 2.01
Tylenchorhynchus 0.11 0.41 21.26%%*
Tylenchus 6.52%* 3.14%* 4.5%
Wilsonema 0.84 0.89 9.21%*

Presented are the F-values of linear mixed models of all nematode genera. Asterisks indicate significant effect at ***P < 0.001;
**P < 0.01; and *P < 0.05; the absence of asterisks indicates no significant effect.
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