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Seasonally dry tropical forests are strongly impacted by human activities such as agriculture and ranching, as
well as variations in climate conditions. Soil nematodes are sensitive to these changes, given that soil and climate
characteristics inﬂuence their survival and occurrence. We analyzed the changes in the structure of nematode
communities in three diﬀerent types of land use (agricultural areas, secondary forest and natural forest) in the
Caatinga, at Catimbau National Park, Pernambuco, northeastern Brazil. We recorded a total of 17,177 nematode
individuals belonging to 104 genera. Nematode abundance and richness were highest in the secondary forest and
lowest in the agricultural areas. The total abundance of bacterivores and omnivore-predators was aﬀected by
types of land use. Diﬀerent soil properties as well as monthly mean rainfall and temperature were strongly
related to the diﬀerences in taxonomic composition among the agricultural areas, secondary forest and natural
forest, accounting for 65.42% of the total variation. In general, our results indicate that agricultural activities in
the Caatinga negatively aﬀect the nematode communities, and that soil characteristics and climate variables also
strongly aﬀect the structure and composition of these communities.

1. Introduction
Global climate change and anthropogenic disturbances are the main
threats to biodiversity, since they have strong impacts on biological
populations and on community structures (Bellard et al., 2012). This is
particularly true for Seasonally Dry Tropical Forests (SDTFs), which
because of extensive deforestation have become one of the most
threatened ecosystems in the world (Miles et al., 2006; Banda et al.,
2016). SDTFs have a wide and fragmented distribution, whose vegetation is characterized by a closed canopy with distinct rainfall regimes,
alternating the rainy and dry seasons (Pennington et al., 2009; Banda
et al., 2016). The annual rainfall is < 1800 mm, and some forests have
dry season lasting 3 to 6 months, receiving < 100 mm per month
(Banda et al., 2016). The climates and fertile soils of SDTFs have led to
higher human population densities, accelerating intensive cultivation of
crops and conversion to pasture for cattle (Rito et al., 2017). It is estimated that SDTFs will face an increase in evaporation and temperature by 2100 (Burkett et al., 2014; Banda et al., 2016), resulting in
longer and more severe droughts that may aﬀect the maintenance of
their biodiversity.
⁎

As with other SDTFs, the Caatinga, a mosaic of SDTFs with low
woody vegetation that occurs only in northeastern Brazil, suﬀers strong
anthropogenic pressure through ranching, wood extraction and subsistence agriculture (Pennington et al., 2009; Rito et al., 2017). Little
eﬀort has been made to understand the impacts of anthropogenic disturbance and climate change on the biodiversity of STDFs, speciﬁcally
in the Caatinga. Some studies carried out in the Caatinga have described negative impacts for plant (Ribeiro et al., 2015; Rito et al.,
2017) as well as animal communities (Oliveira et al., 2017). However,
studies focusing on the soil biota, which forms a large portion of terrestrial biodiversity, have not yet been performed in the Caatinga.
Nematodes constitute a model of soil biota that is important for
understanding the responses of soil biodiversity to climate conditions in
this arid environment. Nematodes are found in almost all types of
ecosystems, with a variety of life habits (Yeates et al., 1993). Their
multi-speciﬁc assemblages, in which each species has its own function
and shows diﬀerent degrees of sensitivity to environmental stimuli,
make nematodes excellent indicators of environmental disturbances,
such as anthropogenic disturbance and climate change (Zhao and
Neher, 2013; Thakur et al., 2017; Siebert et al., 2019; Thakur et al.,
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six plots with active slash-and-burn agriculture (Agricultural Areas –
AA); (ii) eight plots of secondary forest regenerating after abandonment
of slash-and-burn agriculture (Secondary Forest – SF), with successional
ages from 4 to 45 yr; and (iii) seven plots with no history of agriculture
(Natural forest – NF). The characteristics of plots in the agricultural
area and the secondary forest are described in Table S1.
In each plot, three soil samples (for fauna analysis) and one sample
(for analysis of soil properties) were collected, each a composite sample
from ﬁve randomly located sampling points. The distance between each
sample was 10 m. Each sub-sample was collected with a cylindrical
collector, at a depth of 0–30 cm. The subsamples were mixed and a
1000 ml aliquot was packed in a polyethylene bag labeled with the
sample information. The samples were collected at points close to shrub
areas, in the crown projection line, where younger and more active
roots can be found (Barker, 1985).
The nematodes were extracted from 300 ml of fresh soil, using a
combination of ﬂotation, sedimentation and sieving technique (Flegg
and Hooper, 1970) and centrifugal sucrose ﬂotation (Jenkins, 1964).
The nematodes were then killed in a water bath at 55 °C for 1 min.
Nematode abundance was expressed as the number of individuals per
100 ml dry soil. The nematodes from each sample were ﬁxed in formaldehyde (3%) and inﬁltrated with glycerin (Seinhorst, 1959), using
method described by Cares and Huang (2008). For identiﬁcation to the
genus level and trophic groups, permanent slides were prepared. The
ﬁrst 100 nematodes per sample were identiﬁed, using an inverted microscope at x40 and x100 magniﬁcation. Nematodes were assigned to
the following trophic groups (Yeates et al., 1993): bacterivores, fungivores, plant parasites and omnivore-predators.

2019). They play fundamental roles in ecosystem processes, such as
improving soil physical properties, participating in carbon and nitrogen
cycling, and maintaining ecosystem health by occupying key positions
in the soil food web (Ferris, 2010; Zhang et al., 2017).
Nematode community structure, such as abundance and diversity,
species distribution, and their related ecosystem services (Bongers and
Bongers, 1998; Ferris, 2010) in tropical systems are aﬀected mainly by
vegetation, edaphic factors (moisture, chemical and physical soil
properties) and climate (Neher et al., 2003; Nielsen et al., 2014; Song
et al., 2017; Thakur et al., 2017; Thakur et al., 2019). Any environmental alterations or disturbances that aﬀect the composition or physiology of the vegetation and/or soil texture, such as the conversion of
primary vegetation to agricultural uses, can alter the taxonomic composition and diversity of functional groups of nematodes (Wall and
Virginia, 1999; Song et al., 2017). With regard to climate, temperature
and rainfall are important environmental factors for the survival and
reproduction of nematodes (Song et al., 2017; Thakur et al., 2019).
Climate change can have signiﬁcant impacts on the number and community composition of soil nematodes (Thakur et al., 2017; Siebert
et al., 2019), since they are essentially aquatic animals that depend on
the water ﬁlm around soil particles for their development and movement through their environment (Griﬃths and Caul, 1993). Although
the inﬂuence of temperature and rainfall on nematode diversity has
been extensively reported (Nielsen et al., 2014; Song et al., 2017;
Thakur et al., 2019), a comprehensive analysis of the factors that
govern nematode community structure in the Caatinga is lacking, impeding the complete understanding of energy transfer and nutrients in
these microhabitats.
Here, we evaluated the eﬀect of soil properties, rainfall and temperature on the structure, i.e. abundance and diversity, of nematode
communities in areas with diﬀerent types of land use in the Caatinga.
Speciﬁcally, we hypothesized that: (1) a change of land use from undisturbed systems to agricultural production will reduce the abundance
and diversity of soil nematodes, and (2) nematode community taxonomic composition will be structured based on the soil properties,
rainfall and temperature.

2.3. Environmental variables
Soil samples were sent for laboratory testing for soil chemical and
physical properties. The soil chemical analyses were based on the determination of the macro- and micronutrient contents and pH; all were
performed according to the methodology recommended by EMBRAPA
(2011). For soil physical analysis, soil particle density was determined
by the volumetric ﬂask method. Soil density was determined by the
beaker method. Total porosity was calculated by the relationship between soil density and particle density. The diﬀerent texture classes
were determined by the densimeter method (EMBRAPA, 2011).
The monthly mean rainfall and temperature data for each plot were
obtained from the global data repository for climate, WorldClim
(Hijmans et al., 2005), with a special resolution of 30-arc seconds or
approximately 1 km along the equator (www.worldclim.org), using the
software QGIS 2.18 with the complement “Point sampling tool”
(https://github.com/borysiasty/pointsamplingtool).

2. Materials and methods
2.1. Study site
The study was conducted in Catimbau National Park (8°24′00′′ and
8°36′35′′ S; 37°0′30′′ and 37°1′40′′ W, state of Pernambuco, northeastern Brazil), which covers an area of 607 km2 of Caatinga vegetation
(Rito et al., 2017). Mean annual temperature ranges from 21 °C to 24 °C
and mean annual rainfall ranges from 1100 mm in the southeast to
480 mm in the northwest (Rito et al., 2017). Approximately 70% of
Catimbau National Park is covered by quartzite sandy soils supporting
low-stature Caatinga vegetation (Rito et al., 2017). The dominant families of woody plants are Fabaceae, Euphorbiaceae, and Boraginaceae;
on the surface of the forest ﬂoor, species of Cactaceae, Bromeliaceae,
Malvaceae, Asteraceae, and Fabaceae dominate (Rito et al., 2017).
The park was established in 2002, but its original human inhabitants remain; they continue to hunt, graze livestock, extract timber,
collect ﬁrewood, practice subsistence agriculture, and harvest other
plant resources (Rito et al., 2017). Their historical presence has resulted
in an extensive mosaic of diﬀerential land use and anthropogenic
pressure on the biota. Therefore, Catimbau provides an excellent opportunity to examine how anthropogenic disturbance (e.g., diﬀerent
types of land use) aﬀects the soil nematodes of the Caatinga.

2.4. Data analyses
We performed a centered Pearson Principal Components Analysis
(PCA) to reduce the soil chemical and physical variables dataset to two
dimensions (‘PC1’ and ‘PC2’), using PRIMER v6, for use as predictors in
the analyses. Separate PCAs were performed for the soil chemical and
physical properties. To determine if the monthly mean rainfall and
temperature, soil fertility and soil granulometry, selected from the
PCAs, diﬀered among the types of land use, we performed a univariate
analysis of variance (ANOVA), using R version 3.4.2. The prerequisites
normality and homogeneity of the data were tested.
The total abundance of nematodes (individuals 100 ml−1 soil) and
the abundance of each trophic group (individuals 100 ml−1 soil) were
calculated for each plot. Then, we used generalized linear models
(GLMs) with negative binomial error to assess the eﬀects of types of
land use (AA, SF and NF) on total abundance of nematodes and on each
trophic group. No overdispersion was found in the data. GLMs were
performed using the “glm.nb” package in R.
To assess changes in genus diversity among the types of land use, we

2.2. Sampling design and nematode inventory
Soil samples were collected in November 2015, in 21 plots (each
50 × 20 m, separated from each other by at least 2 km) (Fig. 1). The
plots were selected based on diﬀerent types and history of land use: (i)
2
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Fig. 1. (A) Location of the study region in northeastern Brazil, and the study landscape (rectangle) in the state of Pernambuco (shaded area in B). Catimbau National
Park and the locations of all plots (n = 21) are also indicated (C).

used Hill numbers (Hill, 1973) for each plot, of order 0 (0D, species
richness), 1 (1D, exponential of Shannon entropy) and 2 (2D, Inverse
Simpson concentration) (Jost, 2006, 2007), calculated with the “entropart” package for R (Marcon et al., 2014). 0D is not sensitive to
species abundances and thus gives a disproportionate weight to rare
species (Jost, 2006). 1D weights each species according to its abundance
in the community, interpreted as the number of ‘common’ or ‘typical’
species in the community (Jost, 2006). Finally, 2D favors abundant
species, and is interpreted as the number of ‘very abundant’ or ‘dominant’ species in the community. Then, a one-way ANOVA was used to
assess the diﬀerences in each level of diversity among the types of land
use, using R.
To determine if there is a diﬀerence in the nematode community
taxonomic composition among the types of land use, we performed a
Non-Metric Multidimensional Scaling analysis (NMDS) based on the
Bray-Curtis similarity matrix (individuals 100 ml−1 soil) with 63
samples from 21 plots, followed by a PERMANOVA, using Primer v6.
We used agricultural areas (AA), secondary forest (SF) and natural
forest (NF) as factors. SIMPER analyses (Primer v6) were used to

determine the taxa that most account for the dissimilarities among the
types of land use (cut-oﬀ of 50%).
To check for spatial independence of our sample units, we ﬁrst
applied Mantel tests to determine signiﬁcant correlations between the
geographical inter-plot distance matrix and the matrices of compositional similarity (Bray-Curtis index). This analysis was performed in the
vegan package in R. The Mantel test did not reveal a signiﬁcant spatial
autocorrelation (r = 0.17; P = 0.06), indicating that our areas could be
used as independent samples for the analyses.
Finally, to evaluate the relationship between the nematode community taxonomic composition and the environmental variables, i.e.,
the soil characteristics selected in the PCAs and the monthly mean
rainfall and temperature data, we used a DistLM (distance-based linear
model). The DistLM model was constructed using AICc as a selection
criterion. Euclidean distance was used as a resemblance measure for
DistLM procedures, and the results were displayed in dbRDA (distancebased redundancy analysis) plots, using Primer v6.

3
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Table 1
Mean values ( ± SD) and loads of the variables on the ﬁrst two axes of principal component analyses (PCA1 and PCA2) performed for soil physical and chemical
properties in the agricultural areas (AA), secondary forest (SF) and natural forest (NF).
Soil properties

Physical

Chemical

Variables

Bulk density (g/cm3)
Relative density (g/cm3)
Coarse sand (%)
Fine sand (%)
Silt (%)
Clay (%)
Residual soil moisture (%)
P (mg/dm3)
pH
Ca (cmolc/dm3)
Mg (cmolc/dm3)
Na (cmolc/dm3)
K (cmolc/dm3)
Al (cmolc/dm3)
H (cmolc/dm3)
Sum of exchangeable bases (cmolc/dm3)
Cation-exchange capacity (cmolc/dm3)
Base saturation (%)
Al saturation (%)

Mean values for each area

PCA values

AA

SF

NF

PC1

PC2

1.57 ± 0.06
2.61 ± 0.02
60.50 ± 10.01
28.17 ± 9.00
2.67 ± 1.25
8.67 ± 3.77
1.17 ± 0.22
14.67 ± 8.67
5.73 ± 0.53
1.41 ± 0.72
0.73 ± 0.07
0.04 ± 0.01
0.15 ± 0.13
0.12 ± 0.12
3.19 ± 1.87
2.33 ± 0.81
5.63 ± 1.96
44.50 ± 17.25
5.17 ± 5.21

1.58 ± 0.06
2.60 ± 0.03
63.00 ± 10.25
29.13 ± 10.30
0.88 ± 0.33
7.00 ± 2.00
1.43 ± 0.30
5.50 ± 2.18
5.38 ± 0.39
1.14 ± 0.80
0.64 ± 0.09
0.03 ± 0.01
0.07 ± 0.03
0.26 ± 0.17
4.82 ± 2.51
1.90 ± 0.89
6.98 ± 2.94
28.88 ± 13.64
14.63 ± 11.18

1.60 ± 0.12
2.60 ± 0.02
59.00 ± 9.47
29.57 ± 7.70
2.57 ± 1.68
8.86 ± 2.10
1.61 ± 0.61
6.57 ± 2.92
5.41 ± 0.33
0.52 ± 0.29
0.59 ± 0.10
0.02 ± 0.01
0.06 ± 0.01
0.38 ± 0.39
4.19 ± 2.38
1.31 ± 0.37
5.90 ± 2.64
27.14 ± 12.18
20.57 ± 20.27

0.067
0.358
−0.624
0.588
0.328
0.154
0.065
−0.288
−0.315
−0.296
−0.319
−0.204
−0.146
0.334
0.24
−0.304
0.154
−0.385
0.359

−0.622
−0.526
−0.104
−0.062
0.453
0.341
−0.2
0.006
−0.242
0.318
0.199
0.29
0.293
0.223
0.397
0.359
0.491
−0.084
0.082

Note: Al saturation: the ratio of soluble aluminum to the exchangeable base and aluminum contents in CEC (cation-exchange capacity) of soil.

3. Results

land use. Both trophic groups showed the highest abundance in the SF,
followed by NF and AA.
Nematode diversity did not diﬀer among types of land use, for all
levels of qD (P > 0.05; Fig. S1. Table S3). The nematode community
taxonomic composition was diﬀerent among the types of land use
(NMDS) (PERMANOVA: all P = 0.001) (Fig. 3).
The genus Acrobeles contributed most to the diﬀerences in nematode
community taxonomic composition among the three study areas; its
specimens were present in all study plots, although in diﬀerent levels of
abundance (Table 2). Specimens of Acrobeles were most abundant in SF
and least in AA. After Acrobeles, the genera Helicotylenchus, Rotylenchulus, Metacrobeles, Tylenchorhynchus, Drilocephalobus and Mesocriconema
also contributed to the dissimilarity among the diﬀerent types of land
use (Table 2). Nematodes of the genus Rotylenchulus were most abundant in AA and absent from SF; whereas the genera Helicotylenchus,
Metacrobeles, Tylenchorhynchus and Mesocriconema were most abundant
in SF, while Tylenchorhynchus was absent from AA. Finally, Drilocephalobus was most abundant in NF (Table 2).

3.1. Environmental variables
The ﬁrst two axes of the PCA for soil chemical properties explained
68.3% of the variation. The ﬁrst axis described the variation of the
properties related to soil acidity and fertility, reﬂecting a basic soil
gradient with higher base saturation (V%), Mg, pH and phosphorus, for
the more acidic soils, with a high Al saturation (m%). The second axis
described a soil gradient also related to fertility, from soils with higher
residual moisture to soils with a higher sum of exchangeable bases, high
cation-exchange capacity (CEC) and high concentrations of Ca, Na, K
and H (Table 1).
The ﬁrst two PCA axes for soil physical properties explained 68.1%
of the variation. The ﬁrst axis reﬂected a granulometric gradient from
soils with a high coarse-sand content to soils with a high ﬁne-sand
content. The second axis indicated a gradient of soil water-retention
capacity (high percentage of clay and silt) to soils with high bulk
density (BD) and relative density (RD) (Table 1).
Only two variables (silt% and P) diﬀered among the types of land
use (P < 0.02). The AA plots were characterized as basic soil, with
more than twice the phosphorus content as that found in the SF forest
and NF plots. The SF and NF plots had acidic soils with lower silt
contents. The monthly rainfall (P < 0.001) and temperature
(P < 0.05) diﬀered among the types of land use; in the NF, the rainfall
was lowest and the temperature was highest (Table 1).

3.3. Correlation between environmental variables and nematode community
taxonomic composition in diﬀerent types of land use
The results of the redundancy analysis (RDA) support the diﬀerences among the structures of the soil nematode community taxonomic
composition among the types of land use, while also indicating how
these changes relate to environmental characteristics (Fig. 4). In the
RDA, the environmental variables accounted for 65.42% of the total
variation of the nematode community taxonomic composition in the
types of land use. The ﬁrst two RDA axes accounted for 49.25% of the
total variance (Fig. 4). The nematode community taxonomic composition in AA was associated with more basic soils, with a high sum of
exchangeable bases (S), base saturation (V%), phosphorus (P) and silt.
In contrast, the nematode community taxonomic composition in SF was
associated with more acidic soils, with high Al (m%) saturation, H, pH,
bulk density (BD) and rainfall (Fig. 4). In NF, part of the nematode
community taxonomic composition was associated with acidic soils and
the other part was associated with temperatures (Fig. 4).

3.2. Eﬀects of land use on nematode community structure
A total of 17,177 nematode individuals were recorded, representing
104 genera from 34 families (Table S2). The predominant families were
Cephalobidae, with 23 genera, present in all study plots, and
Qudsianematidae (8 genera), Aporcelaimidae (7 genera), Rhabditidae
(6 genera) and Panagrolaimidae (6 genera). SF contained the most
genera (70), followed by NF (69) and AA (40) (Table S2). Eleven genera
were restricted to AA, 23 to SF and 21 to NF.
Total abundance of nematodes was signiﬁcantly aﬀected by types of
land use χ2 = 7.69, P < 0.01; Fig. 2a). Abundance was highest in SF
and lowest in AA. Among the nematode trophic groups, only bacterivores (χ2 = 13.05, P < 0.001; Fig. 2b) and omnivore-predators
(χ2 = 9.05, P < 0.01; Fig. 2e) were signiﬁcantly aﬀected by type of
4
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Fig. 2. Eﬀect of land use on total abundance of nematodes and on each trophic group (individuals 100 ml−1 soil). (a) total nematode abundance; (b) bacterivores
abundance; (c) fungivores abundance; (d) plant parasites abundance; and (e) omnivore-predators abundance. n.s. = not signiﬁcant.
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Fig. 3. Non-metric multidimensional scaling ordination (NMDS), based on the Bray-Curtis similarity index, showing the nematode community taxonomic composition under the inﬂuence of diﬀerent types of land use. Area: AA = Agricultural Areas; SF = Secondary Forest; NF = Natural Forest.
Table 2
Results of SIMPER analysis showing ﬁve genera of nematodes that contributed
most to the dissimilarity of nematode communities in areas with diﬀerent types
of land use. AA: Agricultural Areas; SF: Secondary Forest; NF: Natural Forest.
Genera

Mean abundance

Contribution%

Groups AA vs SF (Mean dissimilarity = 80.64%)
Acrobeles
55.32
230.05
Helicotylenchus
11.96
51.85
Rotylenchulus
23.38
00.00
Metacrobeles
11.21
16.13
Tylenchorhynchus
00.00
15.96

42.16
9.17
5.25
5.22
4.18

Groups AA vs NF (mean dissimilarity = 80.54%)
Acrobeles
55.32
66.07
Rotylenchulus
23.38
19.83
Helicotylenchus
11.96
17.16
Drilocephalobus
0.85
8.23
Metacrobeles
11.21
4.27

28.60
11.42
8.41
5.94
5.34

Groups SF vs NF (mean dissimilarity = 77.01%)
Acrobeles
230.05
66.07
Helicotylenchus
51.85
17.16
Tylenchorhynchus
15.96
11.05
Mesocriconema
12.36
11.30
Metacrobeles
16.13
4.27

39.45
9.20
5.41
4.26
4.02

Fig. 4. Distance-based redundancy analysis (dbRDA) illustrating the DistLM
model based on the relationship between the nematode community taxonomic
composition and environmental variables. Symbols represent the plots. Area:
AA = Agricultural Areas; SF = Secondary Forest; NF = Natural Forest.
Environmental variables: BD = Bulk density; m% = Percentage aluminum
saturation; Al = Aluminum; H = Hydrogen; pH = Potential of hydrogen;
S = Sum of exchangeable bases; V% = Base saturation; P = Phosphorus.

4. Discussion
4.1. Eﬀect of land use on the structure of nematode communities
The transformation of native vegetation to agricultural land use and
its continued intensiﬁcation have led to extensive losses in biodiversity
(Barnes et al., 2017). In line with our expectations, the structure of
nematode communities was aﬀected by diﬀerent types of land use in
the Caatinga. The AA showed lower nematode abundance and diversity
than SF and NF. Soils under native vegetation generally show higher
diversity and abundance of nematodes compared to cultivated systems
(Wall and Virginia, 1999; Cardoso et al., 2015; Vazquez et al., 2019).
These ﬁndings can be explained by the changes in soil physical properties, reduced input of organic material, and reduced deposition of
roots (Scharroba et al., 2016; Vazquez et al., 2019) in AA.
Arguably, the most interesting ﬁnding was that the highest abundance of nematodes in the Caatinga was not found in NF, but in SF.
When agricultural areas are abandoned due to reduced productivity

levels, for example, the natural regeneration process begins (Chazdon,
2008). Possibly, the reorganization of the plant community over time
and the change in chemical and physical soil properties have led to an
increase in the abundance of certain nematode groups, especially rstrategists (Bongers and Bongers, 1998). The increase in nematode
abundance in SF areas compared to AA may be an important indicator
of soil recovery.
The abundance of trophic groups, mainly bacterivores and predators-omnivores, was also aﬀected by the type of land use. The total
abundance of bacterivores was higher in SF and NF than in AA.
Bacterivores tend to be predominant in areas where plant diversity and
6
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directly from soil, which reduces the input of resources to soil organisms, including nematodes (Treseder and Vitousek, 2001; Zhao et al.,
2014). Therefore, the decrease of soil nematode density might be due to
the resource/food limitation after phosphorus addition. Another likely
reason is that the additional mineral phosphorus input to soil leads to
salt toxicity that harms soil nematodes (Zhao et al., 2014).
The composition of the nematode community in the SF and NF areas
was associated with higher mean monthly rainfall and more-acidic
soils. In these areas, abundance was higher than in AA. The population
density of nematodes increases with increase in rainfall, because the
rainfall positively aﬀects the plant growth, soil nitrogen mineralization
and nitrogen content, and soil microbial activity (Bai et al., 2010; Song
et al., 2017), inﬂuencing nematode feeding, movement and reproduction (Kardol et al., 2011).
Regarding soil acidity in these areas and the relationship with nematodes, it is possible that factors leading to soil acidiﬁcation have
positively inﬂuenced the population growth of nematodes in SF and NF
areas, such as higher values of mean monthly rainfall and organicmatter content. The action of rainfall causes leaching of Ca and Mg,
which are replaced by Al, Mn and H in soil solution (Oliveira et al.,
2002). As a result, aluminum saturation (m%) increases and the pH
becomes more acidic. Organic matter lowers soil pH by releasing hydrogen ions associated with organic anions or nitriﬁcation in an open
system (Ritchie and Dolling, 1985).
The nematode composition in the secondary forest was also associated with lower bulk density (BD). The bulk density reﬂects simultaneous changes in several soil properties. A decrease in bulk density is generally associated with an increase in organic-matter content,
soil moisture levels and living space. Together, these factors positively
inﬂuence the movement and reproduction of soil nematodes (Yeates,
1999; Cardoso et al., 2015).
The nematode composition and the low abundance in some of the
NF plots were associated with higher monthly mean temperatures. High
temperatures result in a decrease in nematode abundance, since plant
cover decreases, allowing the soil to become overexposed and consequently reducing the soil water content and limiting microbial growth
and reproduction (Song et al., 2017).

biomass are higher (Tomazini et al., 2008), as is the case of SF and NF
areas in the Caatinga. In these areas, more decomposing organic material accumulates on the soil surface layer, favoring soil microbiological activity (Tomazini et al., 2008; Li et al., 2015).
Regarding predators-omnivores, they also had the highest abundance in SF and NF and lowest in AA. Predators-omnivores often disappear with cultivation, since they are sensitive to soil disturbance
(Bongers, 1990; Sánchez-Moreno et al., 2006; Zhao and Neher, 2013; Li
et al., 2016). Although bacterivores and plant parasites were the most
dominant trophic groups in the Caatinga, plant parasites were not affected by land-use types, nor were fungivores.
As expected, the communities in areas with diﬀerent types of land
use diﬀered in their composition. Dissimilarity among the types of land
use was due to variation in abundance or to the absence of some nematode genera, mainly the generalist bacterivores Acrobeles,
Drilocephalobus and Metacrobeles, belonging to the family Cephalobidae;
and the generalist plant parasites Helicotylenchus, Rotylenchulus,
Mesocriconema and Tylenchorhynchus (Yeates et al., 1993; Bongers and
Bongers, 1998). The family Cephalobidae is cosmopolitan, occurring in
environments with both poor and abundant resources, in unfavorable
temperature conditions and in extremely dry regions (Nielsen et al.,
2014), some of them typical conditions in the Caatinga. A surprising
ﬁnding was that Acrobeles contributed the most to the dissimilarity
among the types of land use. Specimens of this genus were most
abundant in SF and least abundant in AA. This ﬁnding allows us to
speculate on the mechanisms that allow Acrobeles to predominate in
Caatinga soils, such as their: (1) tolerance to hot, dry semi-arid environments; (2) dispersal/colonization ability; and (3) response to different types of land use through their reproductive rate (abundance)
(Bongers and Bongers, 1998).
A secondary group that contributed to the diﬀerences among the
areas was the plant parasites. Here, in the agricultural areas,
Rotylenchulus was the most abundant plant parasite. Other studies have
conﬁrmed that nematodes of the genus Rotylenchulus are adapted to hot
dry climates and parasitize speciﬁc crops such as corn, cassava and
beans (Duyck et al., 2012). However, in this study Rotylenchulus was
found associated with cactus (Opuntia sp.). Nematodes belonging to the
genera Helicotylenchus, Mesocriconema and Tylenchorhynchus predominated in the SF and NF. The coexistence of these ectoparasitic
nematodes is likely the result of weak interspeciﬁc competition (Duyck
et al., 2012).

5. Conclusions
The history and types of land use aﬀect the composition and
structure of the nematode community in the Caatinga. In this study,
conversion of native Caatinga vegetation to crop systems negatively
aﬀected the nematode community, once reduced the total abundance of
nematodes, bacterivores and omnivore-predators. However, these
changes are reversible through regeneration of secondary forest after
the ﬁelds are abandoned. The nematode community composition is
strongly related to soil properties and climate variables in the Caatinga,
which suggests that these factors may be acting as important environmental ﬁlters in structuring nematode communities in the SDTFs. It is
important to note that these factors cannot be analyzed separately in
terms of their eﬀects on the nematode community. These must be
analyzed in terms of their integrative eﬀect, since land use, temperature
and rainfall aﬀect the soil structure and consequently the nematode
community structure. In general, our study demonstrated that knowledge of the nematode community structure on a landscape scale, and of
the eﬀect of climate and ecosystem properties on community structure,
can be used to predict the eﬀect of changes in soil use, in climate, and
other disturbances on soil health in the Caatinga.

4.2. Changes in and nematode community taxonomic composition in
response to environmental variables
Nematode community structures, on both landscape and global
scales, have been found to be related to environmental variables
(Nielsen et al., 2014; Song et al., 2017; Hoogen et al., 2019; Siebert
et al., 2019; Thakur et al., 2019). Similarly, our results showed that the
soil nematode community taxonomic composition in the Caatinga is
related to soil properties as well as to rainfall and temperature.
The soil characteristics in the AA plots may have aﬀected the nematode community in this study. The nematode community composition in AA was associated with basic soils, with a high concentration of
phosphorus (P), sum of exchangeable bases (S), base saturation (V%),
and silt. The supplementary use of compost, goat or bovine manure,
plant biomass, and cow urine, as well as the practice of burning prior to
a new planting in areas of the Caatinga are the main agricultural soilmanagement practices. These practices contribute to the increase in
base contents (Ca, Mg, Na and K) and mainly phosphorus in the soils
(Silva et al., 2015). Previous studies have shown that addition of large
quantities of phosphorus has negative eﬀects on nematode communities
(Zhao et al., 2014). When the availability of phosphorus in an ecosystem is low, plants allocate resources to soil micro-organisms that
decompose dead organic material and release phosphorus that can be
used by plants. If the phosphorus content is high, plants can obtain it
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