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ABSTRACT
Edaphic macroinvertebrates constitute an important component of soil belowground biodiversity and
play a significant role in soil biological functioning and sustained productivity. As these fauna readily
respond to biotic and abiotic perturbations in soil profiles, different land-use systems have different
community assemblages of macroinvertebrates. This study was conducted to determine the impact of
different land-use types viz. natural (grassland, forest/silviculture, barren) and agricultural (lemon, guava,
lychee orchards, rice-wheat crop) lands on soil macroinvertebrate fauna. Random sampling was done in
winter 2015 and summer 2016 using monoliths and pitfall traps. Results revealed that land-used types
exert a differential impact on the diversity and population abundance of macrofaunal communities.
Highest indices of macroinvertebrate diversity, richness and evenness were exhibited by Lychee (2.39,
12.00 and 1.00, respectively) among cultivated and grassland (2.44, 13.00 and 0.95, respectively) among
natural land-use types. Rice-wheat crops and barren lands exhibited minimum values. Ants (Formicidae)
(10-40%), beetles (Carabidae and Staphylinidae) (14-28%), spiders (Araneae) (5-18%) and earthworms
(Lumbricidae) (2-20%) were the most abundant and more active, hence, were more captured in pitfall
traps in summer season. Termites (isopteran) and earthworms were more captured in monoliths. By
and large, macroinvertebrate fauna was lower in the soils studied as compared to other tropical and
subtropical regions reported elsewhere. Therefore, keeping in view the key role of soil invertebrates in
soil sustainability, it is recommended to mitigate the deleterious effects of land-management practices on
these important soil biotic components.

INTRODUCTION

I

n terrestrial ecosystems, soils play an irreversible role
in the maintenance of all life domains by mediating
ecological recycling of energy and nutrients (Pietramellara
et al., 2002). Anthropological actions, such as utilizing
land for farming, transportation and construction of
buildings, negatively impact the soil quality. Soils under
different land-use systems could exhibit distinct physical,
chemical and biological characteristics. The term ‘landuse’ is usually characterized by the modifications, activities
*
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and inputs people undertake in a certain land cover type to
produce, modify or maintain its specific state for a particular
purpose (Marklund and Batello, 2008). Various factors
affect soil intrinsic properties but land-use intensifications
in agricultural ecosystems are directly correlated with soil
pollution, perturbations of natural habitats and edaphic
biotic communities (Black and Okwakol, 1997; McIntyre,
2000).
In addition to ubiquitous microbial biomass, soils
either under natural or agricultural ecosystems, harbor
a dense and diverse macrofaunal community including
arthropods, myriapods and other invertebrates. These
fauna play an important role in the regulation of various
soil functions by dynamically interacting with other biotic
and abiotic edaphic resources including soil microbes
(Lavelle et al., 1997; Lavelle and Spain, 2003; Lardo et al.,
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2012; Majeed et al., 2014; Brauman et al., 2015). Edaphic
macroinvertebrates include soil-dwelling organisms with
a body size greater than 10 mm such as earthworms,
myriapods, spiders, termites, ants, coleopteran beetles and
grubs etc. (Lavelle et al., 1997; Scheu et al., 2005; Jouquet
et al., 2006; Jiménez et al., 2008). These macroinvertebrates
improve soil physico-chemical conditions through their
diversified feeding (ingestion, digestion and ejection) and
foraging (tunneling, boring, mining, movement) activities
(Lavelle et al., 1997; Jouquet et al., 2006; Jimenez et al.,
2008).
Owing to ease in collection due to their large
population and body sizes and due to their instant
response to soil perturbations, soil macroinvertebrates
have been used as valuable bioindicators of soil quality
and environmental sustainability in different land-use
systems such as in agro-ecosystems and in semi-natural
and natural ecosystems (Blair et al., 1996; Nahmani and
Lavelle, 2002; Avgın and Emre, 2010; Rousseau et al.,
2013; Wu et al., 2015). Nevertheless, different landuse types and agricultural management practices exert a
differential impact on soil faunal diversity, particularly
on the communities of soil-dwelling macroinvertebrates.
Each particular land-use system supports and sustains a
specific set of soil macroinvertebrates which often respond
readily and in a predictable manner to many anthropogenic
and natural disturbances to soil systems (Barros et al.,
2002; Callaham et al., 2006; Ayuke et al., 2009; Nuria et
al., 2011; Gutiérrez et al., 2017).
Keeping in view the importance of edaphic
macroinvertebrates in soil biological functioning and
response to different land management practices, the
present study was aimed to assess the impact of different
land-use types under natural and agroecosystems on the
population abundance and community assemblages of

edaphic macroinvertebrates in district Sargodha (Punjab,
Pakistan). Secondary objective included the comparison
of soil invertebrate sampling methods (pitfall traps and
monolith) and capturing season (winter and summer)
on the population abundance of different edaphic
macroinvertebrate groups.

MATERIALS AND METHODS
Study sites
The study was conducted at different localities of
the district Sargodha during the months of NovemberDecember 2015 and May-June 2016. The climatic
conditions of the area are characterized by semi-arid and
sub-tropical conditions with mean annual precipitation
and temperature of 450 mm and 22°C, respectively (Zaka
et al., 2004). Wheat and rice are the principal agricultural
crops, while citrus and guava are the principal fruit crops
of Sargodha region.
Sampling protocol
Seven land-use types were selected for sampling of
soil macroinvertebrates. Three of these land-use types
included natural lands i.e. fallow barren land, forest/
silviculture patches and grassland, and four included
agricultural or cultivated lands i.e. rice-wheat fields,
lemon, guava and lychee orchards. For each land-use
type, four independent sites as replicates were selected
at least 2 km away from each other. From each site, soil
macroinvertebrates were collected using pitfall traps and
monolith excavations as described in Figure 1. For each
sampling site, at least one acre of area was selected and 1520 m buffer zone was left on all sides of each site in order
to minimize the edge effect on soil fauna and to reduce the
experimental error.

Fig. 1. Sampling protocol for the capture of edaphic macroinvertebrates from different sites.
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From each site, four random samples of monoliths
(ML) and four random samples of pitfall traps (PF) were
taken. Pitfall traps were made using 1.5 L transparent pet
bottles with 10 x 15 cm (Ø x H) filled approximately 30%
with water and few drops of detergent to reduce surface
tension for facilitating the drowning of trapped fauna down
into water (Fig. 1). After 24 h, all the fauna trapped in
pitfall traps were transferred into separate collection vials
and labelled. Monolith sampling was done by digging a
monolith of 30 x 30 x 25 cm (L x W x H) dimensions.
Sampling was done at water field capacity from all landuse sites as it is the best time for soil sampling (Arshad et
al., 1996). Care was taken while taking samples that soil is
not too dry or too wet to support the faunal activity. After
on site sorting and numeration of soil macroinvertebrates,
these were brought to the laboratory and preserved in
70% ethyl alcohol in 100 mL transparent plastic vials for
identification up to genus or equivalent taxonomic rank.

Wiener’s index were found for barren (0.80 for pitfall trap
and 0.39 for monolith) and rice-wheat crop land (1.22 for
pitfall trap and 1.01 for monolith) (Table I). The highest
values of invertebrate groups (taxa) richness index were
recorded for grassland (13.0 for pitfall trap and 13.0 for
monolith) and lychee orchards (11.0 for pitfall trap and
12.0 for monolith) followed by forest patches and guava
orchards, while the lowest values were found again for
barren (7.0 for pitfall trap and 4.0 for monolith) and ricewheat crop land (7.0 for both pitfall trap and monolith)
(Table I). Similarly, the highest values of evenness index
were found for grassland (0.95 for pitfall trap collection
and 0.93 for monolith) and lychee orchards (1.0 for pitfall
trap and 0.85 for monolith), while the lowest evenness
index values were recorded again for barren land (0.41 for
pitfall trap and 0.28 for monolith), followed by rice-wheat
crop land (0.63 for pitfall trap and 0.52 for monolith) and
forest (0.72 for pitfall and 0.73 for monolith).

Data analyses
Statistix® version 8.1 (Analytical Software 2005)
was used for statistical elucidation of the data. Normality
of data was checked and to improve this condition when
not met for some parameters, data was transformed
Log10 (X+2) before further analyses. All data regarding
soil macroinvertebrates collected and numerated
are represented in graphical form for comparison of
community assemblages in different land-use types. Three
diversity indices i.e. Shannon-Weiner diversity index,
taxonomic (macroinvertebrate taxa) richness index and
evenness index were calculated for each land-use type as
described by Ahmed et al. (2017). Furthermore, the impact
of different land-use types on individual macroinvertebrate
taxa was assessed by using one-way ANOVA (at α = 0.05),
followed by pair-wise comparisons of different land-use
types for all faunal taxa using least significant difference
(LSD) tests. Unpaired Student’s t-tests (at α = 0.05) were
used to compare macrofaunal data for natural vs cultivated
land-use types, winter vs summer seasons and pitfall vs
monolith methods.

Table I.- Diversity indices of different edaphic macroinvertebrate groups captured from different land-use
types in district Sargodha using monoliths and pitfall
traps.

RESULTS
Diversity of edaphic macroinvertebrate groups in different
land-use types
Three diversity indices were worked out for
macroinvertebrate fauna captured from different landused types during this study (Table I). For winter season,
the highest values of Shannon-Wiener’s index were
recorded for grassland (2.44 for pitfall trap and 2.38 for
monolith) and lychee orchards (2.39 for pitfall trap and
2.11 for monolith), while the lowest values of Shannon-

Winter 2014
Summer 2015
Pitfall trap Monolith Pitfall trap Monolith
Shannon Wiener diversity index
Guava
1.78
1.63
1.68
1.50
Lychee
2.39
2.11
2.10
1.83
Lemon
1.90
1.37
1.82
1.20
Rice-Wheat
1.22
1.01
0.87
0.67
Grassland
2.44
2.38
2.30
2.24
Forest
1.88
1.73
1.88
1.86
Barren
0.80
0.39
0.69
0.36
Invertebrate groups (TAXA) richness index
Guava
10.00
11.00
13.00
11.00
Lychee
11.00
12.00
12.00
13.00
Lemon
13.00
9.00
12.00
11.00
Rice-Wheat
7.00
7.00
7.00
10.00
Grassland
13.00
13.00
13.00
13.00
Forest
13.00
11.00
13.00
12.00
Barren
7.00
4.00
8.00
7.00
Invertebrate groups evenness index
Guava
0.78
0.68
0.65
0.63
Lychee
1.00
0.85
0.84
0.71
Lemon
0.74
0.72
0.73
0.50
Rice-Wheat
0.63
0.52
0.45
0.29
Grassland
0.95
0.93
0.90
0.87
Forest
0.73
0.72
0.73
0.75
Barren
0.41
0.28
0.33
0.18

Land-use
type
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According to diversity indices of summer season, the
highest values of Shannon-Wiener’s index were recorded
for grassland (2.30 for pitfall trap collection and 2.24 for
monolith) and lychee orchards (2.10 for pitfall trap and
1.83 for monolith), while the lowest values were found for
barren land (0.69 for pitfall trap and 0.36 for monolith)
and rice-wheat crop land (0.87 for pitfall trap and 0.67 for
monolith) (Table I). Highest values of invertebrate group
(taxa) richness index were found for grassland (13.0 for
pitfall trap and 13.0 for monolith) and lychee orchards
(12.0 for pitfall trap and 13.0 for monolith), while the
lowest values were recorded again for barren (8.0 for
pitfall trap and 7.0 for monolith) and rice-wheat crop
lands (7.0 for pitfall trap and 10.0 for monolith). Likewise,
highest values of evenness index were found for grassland
(0.90 for pitfall trap collection and 0.87 for monolith)
followed by forest and lychee orchards, while the lowest
invertebrate groups evenness indices were recorded for
barren land (0.33 for pitfall trap and 0.18 for monolith),
followed by rice-wheat fields (0.45 for pitfall trap and 0.29
for monolith) (Table I).
Impact of different land-use types on edaphic
macroinvertebrates communities
Different land-use types or fields had differential

effect on various edaphic invertebrate macrofaunal
groups. According to statistical analyses, for winter
season, the significant effect of different land-use types
had been observed on the population abundance of ants
(Monomorium spp.; p-value = 0.001), coleopteran grubs
(p-value = 0.001) and carabid and staphylinid beetles
(p-value < 0.05), earthworms (p-value = 0.004), earwigs
(p-value = 0.01), isopods (p-value = 0.001) and soildwelling spiders (p-value = 0.001), while the abundance
of ants (Camponotus spp.), crickets, surface grasshoppers,
myriapods and termites appeared unaffected by land-use
types (Supplementary Table I). Similarly, for summer
season, there was a significant effect of land-use types
on the abundance of both ants species (Monomorium and
Camponotus spp.; p-value < 0.004), earthworms (p-value
= 0.0001), earwigs (p-value = 0.001), termites (p-value =
0.01), staphylinid beetles (p-value = 0.0001) and spiders
(p-value = 0.001), while the abundance of coleopteran
grubs, crickets, surface grasshoppers, myriapods, isopods,
and carabid beetles were not significant different among
land-use types studied (Supplementary Table II). By and
large, soils of lychee orchards and natural grassland were
the richest and barren land and rice-wheat crop lands
were the most poor land-use types regarding diversity and
abundance of edaphic macroinvertebrate fauna.

Fig. 2. Comparison of mean population abundance (±SE) of different edaphic macroinvertebrates captured from natural and
cultivated land-use types. For each macrofaunal group, bars with asterisk (*) sign are significantly different from each other
(unpaired Student’s t-test at α = 0.05).
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In general, regardless of collection season,
natural land-use types exhibited more abundance
of all macroinvertebrate groups as compared to
cultivated ones (orchards and rice-wheat fields) (Fig.
2). However, the difference was statistically significant
only for endogeic earthworms, isopods and myriapods
(centipedes and millipedes) (unpaired Student’s t-test,
p-value < 0.001). Similarly, taking into consideration all
macroinvertebrate fauna together regardless of land-use
types, summer captures were higher than winter captures
for all macroinvertebrate groups (Fig. 3), although the
difference was statistically significant only for carabid
beetles, termites and chrotogonus grasshoppers (unpaired
Student’s t-test, p-value < 0.01). Nevertheless, by pooling
data for both seasons and land-use types, it can be clearly
visualized that both capture methods (pitfall traps and
monolith) had differential effect (unpaired Student’s t-test,
p-value < 0.01) for macroinvertebrate groups (Fig. 4). For
instance, pitfall traps showed more captures for surface
active faunal groups (i.e. spiders, staphylinid (rove) and
carabid (ground) beetles, ants and isopods, while slowmoving macroinvertebrates living comparatively in deeper
soil layers (i.e. termites and earthworms) were captured
more by monolith method as compared to pitfall traps
(Fig. 4).
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Comparative macroinvertebrate community assemblages
among various land-use types
Figure 5 represents the community assemblages of
different edaphic macrofauna (invertebrates) captured
from various land-use types during winter 2014 and
summer 2015. Although the macroinvertebrate community
assemblages among both seasons were not very dissimilar,
there appears a clear cut difference among the community
assemblages of faunal groups of different land-use types
studied (Fig. 5).
For both seasons, the dominant macroinvertebrate
group in all land-use types was Monomorium ants as
compared to other groups ranging from 30% in guava to 9%
in rice-wheat fields (Fig. 5). Earthworms and spiders were
the 2nd most dominant groups in all land-use types. Although
present in most land-use types studied, orthopteran fauna
(crickets and grasshoppers) and myriapods (centipedes and
millipedes) were the least abundant invertebrate groups
found in the study. Nevertheless, natural land-use types
(grasslands and forest land including silviculture fields)
exhibited the maximum abundance of macroinvertebrates
with 115 and 70 individuals per capture respectively,
while the least abundant land-use types were barren (16
individuals per capture) and wheat-rice crop lands (32
individuals per capture).

Fig. 3. Comparison of mean population abundance (±SE) of different edaphic macroinvertebrates captured from various land-use
types during summer and winter seasons. For each macrofaunal group, bars with asterisk (*) sign are significantly different from
each other (unpaired Student’s t-test at α = 0.05).
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Fig. 4. Comparison of mean population abundance (±SE) of different edaphic macroinvertebrates captured from various land-use
types using pitfall traps and monolith method. For each macrofaunal group, bars with asterisk (*) sign are significantly different
from each other (unpaired Student’s t-test at α = 0.05).

Fig. 5. Pie charts showing community assemblages of edaphic macroinvertebrate groups captured from soils of different land-use
types during winter 2015 and summer 2016. For each land-use type, values represent mean percent proportion of each macrofaunal
group and “N” represents total number of macrofaunal individuals encountered.
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However, coleopterans (carabid and staphylinid
beetles and scarabaied grubs) represented approximately
43 and 26% of the total macroinvertebrate community
assemblage rice-wheat crop land and grassland,
respectively. Earthworms were also found in significant
number in rice-wheat (19%), lemon orchard (13%) and
grasslands (11%). In barren land, ants (44%), surface
grasshoppers (10%) and spiders (10%) were the most
dominant faunal groups. Myriapods (centipedes and
millipedes) were either minimum or absent invertebrate
groups in all land-use types studied (Fig. 5).

DISCUSSION
Different land-use types and land management history
including agricultural practices would have a differential
impact on soil-dwelling invertebrates. This study
encompasses the assessment of this impact on diversity,
population abundance and community compositions
of macroinvertebrates in different land-used types in
district Sargodha, Punjab, Pakistan. Soil macrofauna
were captured during winter 2015 and summer 2016
seasons using monolith and pitfall trap techniques and
were numerated and identified up to genus level or higher
taxonomic rank.
Results revealed that the impact of different land-use
types assessed during this study was differential on the
population abundance and community compositions of
different macroinvertebrate groups. However this impact
was significant for some faunal groups such as spiders, ants,
rove beetles and earthworms, while some other macrofaunal
groups such as myriapods, isopods, coleopteran grubs etc.
did not varied significantly among different land-use types.
This mixed trend of macroinvertebrates towards land-use
systems could most probably be due to their specific ability
to adapt the prevailing set of edaphic conditions or landuse perturbations (Nuria et al., 2011). Ants (Monomorium
spp. and Camponotus spp.), earthworms and spiders were
the most abundant macroinvertebrate groups encountered
in this study while myriapods and orthopterans were the
least abundant ones. These results are consistent with those
of Lavelle and Spain (2003), Tahir et al. (2011), Umair et
al. (2012) and Shakir and Ahmed (2015).
By and large, the natural land-use types i.e. grassland
and forest/silviculture patches exhibited highest diversity
and population abundance of macroinvertebrate groups
as compared to the barren soils which were found least
inhabited by macrofaunal groups. One of the reasons for
these results is the lack of readily available and labile
resources in barren and uncultivated bare soils for soil
biotic components including macrofauna (Ayuke et al.,
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2009; Nuria et al., 2011). Similarly, among cultivated
or agricultural lands, crop land showed least abundance
and diversity of edaphic macroinvertebrates as compared
to orchard fields. Among three types of orchards studied,
lychee harbored the highest macrofauna both in terms of
diversity and density, although it was not significantly
different from other two orchards. These results seem in
context with the findings of Euler et al. (2007) describing
enriched arthropod biodiversity in lychee orchards
compared to adjacent landscapes. Moreover, pitfall traps
captured more surface active macroinvertebrates (spiders,
ants, beetles) than monoliths that produced higher
collection for deep-dwelling macroinvertebrates (i.e.
termites and earthworms). These findings are in agreement
with the results of Lavelle et al. (1997), Baretta et al.
(2003) and Avgın and Emre (2010) that pitfall traps are
more efficient for the samplings of surface active edaphic
fauna.
However, comparing the mean population
abundance (pooled for both collection seasons) of soil
macroinvertebrates among natural (forest/silviculture,
grassland, barren) and cultivated (rice-wheat crop and
orchard) land-use types, it can be seen that cultivated
land-use types particularly rice-wheat crop lands harbored
lower abundance and diversity of soil macroinvertebrates
as compared to forest and grassland lands (Fig. 2).
These findings are in line with the results of Barros et
al. (2002), Ayuke et al. (2009) and Tahir et al. (2011)
for macroinvertebrate communities more dense and
diverse in natural ecosystems as compared to cultivated
and anthropogenically disturbed soils. Moreover, upon
comparison among mean population abundances of
invertebrate groups taken collectively for all land-use types,
it is evident that summer captured faunal abundance was
higher than that of winter season. However, the difference
was significant only for few macroinvertebrate groups
i.e. earthworms, termites, chrotogonus grasshoppers and
ground beetles (carabidae) (Fig. 3). Again these results
support previous findings of Barros et al. (2002), Ayuke et
al. (2009), Nuria et al. (2011) and Tahir et al. (2011) that
hot and humid soil conditions in summer months are more
conducive and favorable for soil biological functioning and
soil fauna growth and development than winter months.
Nevertheless, from a global prospective, the
abundance and diversity of edaphic macroinvertebrate
communities found in this study are much lower than
reported for true hot and humid tropical soils and
temperate ecosystems (Lavelle et al., 1995, 1997; Fierer
et al., 2009), most probably due to low quality soil with
very low organic matter of semi-arid sub-tropical areas as
Sargodha region (Zaka et al., 2004).
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CONCLUSION
The present study was aimed to determine the impact
of different land-used types on diversity, population
abundance and community assemblages of edaphic
macroinvertebrates. Based on overall study results, it is
concluded that land-used types exert differential impact
on density and diversity of soil-dwelling macrofaunal
communities. Lychee and guava orchards among
cultivated and grassland and forest/silviculture fields
among natural land-use types were taxonomically rich
than rice-wheat crops and barren lands. Ants (Formicidae),
spiders (Araneae), beetles (Carabidae and Staphylinidae)
and earthworms (Lumbricidae) were most abundant
macroinvertebrates and were more active, hence, were
more captured in the pitfall traps during summer season.
Keeping in view the key role of soil invertebrates in soil
processes, it is recommended to mitigate the deleterious
effects of land-management practices on these important
soil biotic components.

ACKNOWLEDGMENTS
This research work was supported by the grants from
the Research Project (No. 3863) funded by the Higher
Education Commission of Pakistan under its National
Research Program for Universities (NRPU). Authors are
thankful to Dr. Isabelle Santos and Dr. Muhammad Asam
Riaz for their valuable comments and revisions of the
manuscript.
Supplementary material
There is supplementary material associated with
this article. Access the material online at: http://dx.doi.
org/10.17582/journal.pjz/2018.50.3.911.919
Statement of conflict of interest
Authors have declared no conflict of interest.

REFERENCES
Ahmed, K.S., Majeed, M.Z., Rafi, M.A., Sellami, F.
and Afzal, M., 2017. Biodiversity and species
distribution of Coccinellids (Coccinellidae:
Coleoptera) in district Sargodha (Punjab), Pakistan.
Pakistan J. Zool., 49: 1749-1759.
Arshad, M.A., Lowery, B. and Grossman, B., 1996.
Physical tests for monitoring soil quality. In:
Methods for assessing soil quality (eds. J.W. Doran
and A.J. Jones). Soil Science Society of America,
Special Publication 49, Madison, WI, pp. 123-141.
https://doi.org/10.2136/sssaspecpub49.c7

Avgın, S.S. and Emre, İ., 2010. Studies on the ground
beetles (Coleoptera: Carabidae) of the Sağlık PlainGavur lake marsh area, Kahramanmaraş, Turkey.
Pakistan J. Zool., 42: 23-32.
Ayuke, F., Karanja, N., Muya, E., Kibberenge, M.,
Mungatu, J. and Nyamasyo, G., 2009. Macrofauna
diversity and abundance across different land
use systems in Embu, Kenya. Trop. Subtrop.
Agroecosys., 11: 371-384.
Baretta, D., Santos, J.C.P., Mafra, Á.L., do Prado
Wildner, L. and Miquelluti, D.J., 2003. Soil
fauna evaluated by pit fall traps and hand sorting
procedures affected by soil management in the
western Santa Catarina. J. Agrovet. Sci., 2: 97-106.
Barros, E., Pashanasi, B., Constantino, R. and Lavelle,
P., 2002. Effects of land-use system on the soil
macrofauna in western Brazilian Amazonia. Biol.
Fert. Soil., 35: 338-347. https://doi.org/10.1007/
s00374-002-0479-z
Black, H.I.J. and Okwakol, M.J.N., 1997. Agricultural
intensification, soil biodiversity and agroecosystem
function in the tropics: The role of decomposer
biota. Appl. Soil Biol., 6: 37-53. https://doi.
org/10.1016/S0929-1393(96)00153-9
Blair, J.M., Bohlen, P.J. and Freckman, D.W., 1996.
Soil invertebrates as indicators of soil quality. In:
Methods for assessing soil quality (eds. J.W. Doran
and A.J. Jones). Soil Science Society of America,
Special Publication 49, Madison, WI, pp. 273-291.
Brauman, A., Majeed, M.Z., Buatois, B., Robert, A.,
Pablo, A.L. and Miambi, E., 2015. Nitrous oxide
(N2O) emissions by termites: does the feeding
guild matter? PLoS One, 10: e0144340. https://doi.
org/10.1371/journal.pone.0144340
Callaham, M.A., Richter, D.D., Coleman, D.C. and
Hofmockel, M., 2006. Long-term land-use effects
on soil invertebrate communities in Southern
Piedmont soils, USA. Eur. J. Soil Biol., 42:150156. https://doi.org/10.1016/j.ejsobi.2006.06.001
Euler, D., Martin, K., Sauerborn, J. and Hengsavad,
V., 2007. Biodiversity and landscape structure:
challenges for insect management strategies in
lychee orchards in the mountains of northern
Thailand. In: Sustainable land use in mountainous
regions of Southeast Asia (eds. F.J. Heidhüs,
L. Herrmann, A. Neef, S. Neidhart, J. Pape,
P. Sruamsiri, D.C. Thu and A. Vallé-Zarate).
Springer-Verlag, Berlin, pp. 68-76. https://doi.
org/10.1007/978-3-540-71220-6_6
Fierer, N., Strickland, M.S., Liptzin, D., Bradford,
M.A. and Cleveland, C.C., 2009. Global patterns
in belowground communities. Ecol. Lett., 12:

919

Macroinvertebrates under Different Land-Use Types

1238-1249.
https://doi.org/10.1111/j.14610248.2009.01360.x
Gutiérrez, J.A.M., Roussea, G.X., Andrade-Silva, J.
and Delabie, J.H.C., 2017. Ants’ higher taxa as
surrogates of species richness in a chronosequence
of fallows, old-grown forests and agroforestry
systems in the Eastern Amazon, Brazil. Rev. Biol.
Trop., 65: 279-291. https://doi.org/10.15517/rbt.
v65i1.23526
Jiménez, J.J., Decaens, T. and Lavelle, P., 2008. C and
N concentrations in biogenic structures of a soilfeeding termite and a fungus-growing ant in the
Colombian savannas. Appl. Soil Ecol., 40: 120-128.
https://doi.org/10.1016/j.apsoil.2008.03.009
Jouquet, P., Dauber, J., Lagerlöf, J., Lavelle, P. and
Lepage, M., 2006. Soil invertebrates as ecosystem
engineers: Intended and accidental effects on soil
and feedback loops. Appl. Soil Ecol., 32: 153-164.
https://doi.org/10.1016/j.apsoil.2005.07.004
Lardo, E., Coll, P., Le Cadre, E., Palesem A.M.,
Villenave, C., Xiloyannis, C. and Celano, G., 2012.
Electromagnetic induction (EMI) measurements as
a proxy of earthworm presence in Southern French
vineyards. Appl. Soil Ecol., 61: 76-84. https://doi.
org/10.1016/j.apsoil.2012.06.003
Lavelle, P., Bignell, D., Lepage, M., Wolters, V., Roger,
P., Ineson, P., Heal, O.W. Dhillion, S., 1997.
Soil function in a changing world: The role of
invertebrate ecosystem engineers. Eur. J. Soil Biol.,
33: 159-193.
Lavelle, P., Chauvel, A. and Fragoso, C., 1995. Faunal
activity in acid soils. In: Plant soil interactions
at low pH (eds. R.A. Date, N.J. Grundon, G.E.
Rayment and M.E. Probert). Springer, Netherlands,
pp. 201-211. https://doi.org/10.1007/978-94-0110221-6_29
Lavelle, P. and Spain, V.A., 2003. Soil ecology. Kluwer
Academic Publishers, New York, USA, pp. 285294. https://doi.org/10.1007/0-306-48162-6
Majeed, M.Z., Miambi, E., Barois, I., Randriamanantsoa,
R., Blanchart, E. and Brauman, A., 2014.
Contribution of white grubs (Scarabaeidae:
Coleoptera) to N2O emissions from tropical
soils. Soil Biol. Biochem., 75: 37-44. https://doi.
org/10.1016/j.soilbio.2014.03.025
Marklund, L.G. and Batello, C., 2008. FAO datasets on
land use, land use change, agriculture and forestry
and their applicability for national greenhouse gas
reporting. A background paper for the IPCC expert
meeting on guidance on greenhouse gas inventories
of land uses such as agriculture and forestry. May
2008, Rome, Helsinki, Finland, pp. 13-15.

919

McIntyre, N.E., 2000. Ecology of urban arthropods:
A review and a call to action. Ann. entomol. Soc.
Am., 93: 825-835. https://doi.org/10.1603/00138746(2000)093[0825:EOUAAR]2.0.CO;2
Nahmani, J. and Lavelle, P., 2002. Effects of heavy
metal pollution on soil macrofauna in a grassland
of Northern France. Eur. J. Soil Biol., 38: 297-300.
https://doi.org/10.1016/S1164-5563(02)01169-X
Nuria, R., Jérôme, M., Léonide, C., Christine, R.,
Gérard, H., Etienne, I. and Patrick, L., 2011.
IBQS: A synthetic index of soil quality based on
soil macro-invertebrate communities. Soil Biol.
Biochem., 43: 2032-2045. https://doi.org/10.1016/j.
soilbio.2011.05.019
Pietramellara, G., Ascher, J., Ceccherini, M.T. and
Renella, G., 2002. Soil as a biological system. Ann.
Microbiol., 52: 119-131.
Rousseau, L., Fonte, S.J., Téllez, O., Van der Hoek,
R. and Lavelle, P., 2013. Soil macrofauna as
indicators of soil quality and land use impacts in
smallholder agroecosystems of western Nicaragua.
Ecol. Indic., 27: 71-82. https://doi.org/10.1016/j.
ecolind.2012.11.020
Scheu, S., Ruess, L. and Bonkowski, M., 2005.
Interactions between microorganisms and soil
micro-and mesofauna microorganisms in soils. In:
Roles in genesis and functions (eds. F. Buscot and
A. Varma). Springer-Verlag, Berlin, pp. 253-275.
https://doi.org/10.1007/b137872
Shakir, M.M. and Ahmed, S., 2015. Seasonal abundance
of soil arthropods in relation to meteorological
and edaphic factors in the agroecosystems of
Faisalabad, Punjab, Pakistan. Int. J. Biometeorol.,
59: 605-616. https://doi.org/10.1007/s00484-0140874-9
Tahir, H.M., Butt, A., Naheed, R., Bilal, M. and Alam,
I., 2011. Activity density of spiders inhabiting the
citrus field in Lahore, Pakistan. Pakistan J. Zool.,
43: 683-688.
Umair, M., Zia, A., Naeem, M. and Chaudhry, M.T.,
2012. Species composition of ants (Hymenoptera:
Formicidae) in Potohar plateau of Punjab province,
Pakistan. Pakistan J. Zool., 44: 699-705.
Wu, P., Zhang, H. and Wang, Y., 2015. The response
of soil macroinvertebrates to alpine meadow
degradation in the Qinghai–Tibetan Plateau,
China. Appl. Soil Ecol., 90: 60-67. https://doi.
org/10.1016/j.apsoil.2015.02.006
Zaka, M.A., Hussain, N., Sarwar, G., Malik, M.R.,
Ahmad, I., and Gill, K.H., 2004. Fertility status of
Sargodha district soils. Pak. J. Sci. Res., 56: 69-75.

