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ABSTRACT

Decisions on land management and conservation should consider how the taxonomic and functional diversity of animal
species react to land management in various locations. This study examined arthropod species diversity over space and
time in four different regions (Faisalabad, Layyah, Vehari and Sahiwal) of Punjab, Pakistan. We sampled the arthropod
fauna fortnightly for two years, January 2020- December 2021. A total of 16794 specimens were collected from all the
sites. The highest abundance was found from Faisalabad 32.99% (n = 5542), followed by Sahiwal 26.01% (n = 4369),
Vehari 23.73% (n = 3986) and the least was recorded from Layyah 17.25% (n = 2897). Diversity and abundance were
greatest in Faisalabad and lowest in Layyah, while Vehari and Sahiwal had nearly similar diversity, likely because of
similar environmental conditions. The highest abundance was recorded from Faisalabad orchards for Diaphorina citri
Kuwayama, 1908 (Liviidae: Hemiptera) 5.88% (n=326), Layyah: Coccinella septempunctata Linnaeus, 1758
(Coccinellidae: Coleoptera) 3.97% (n=115), Vehari: Culex quinquefasciatus Say, 1823 (Culicidae: Diptera) 4.11%
(n=164), Sahiwal: Bactrocera dorsalis Hendel, 1912 (Tephritidae: Diptera) 4.44% (n=194). Diversity (H) was recorded
from Faisalabad 4.52 and Evenness was maximum in Layyah 0.813. Species diversity and abundance in Layyah are
likely mainly affected by severe weather with fluctuating temperatures and humidity. The species richness varied along
the latitudinal gradient and lower abundance was found at higher latitudes. A non-metric multidimensional scaling
(NMDS) ordination showed clear clusters of regional assemblages that varied along a clear gradient. This research will
assist future management and conservation of arthropods in Pakistan by providing a baseline for the diversity and
abundance.
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INTRODUCTION al., 2023; Nath et al., 2023). Any alteration in

environmental factors significantly impacts the feeding

Arthropods seems to be undergoing a habits of arthropods and their population occurrence
multicontinental crisis in the decline of their biomass,  (Callis-Duehl et al., 2017). Mainly, spatial factors have
abundance and diversity as shown by recent regional been useful for assessing the effect of climatic factors on
reports and biomonitoring agents (Forister et al., 2019) any alteration in faunal diversity and pest interaction with
and keeping this decline in arthropods species needs to ~ Predators (Defossez et al., 2018). Determining the

study in the region’s sustainability of species. Both local interaction_ of environmental gradients and thgir impacts
and landscape-scale services influence the development ~ On the dispersal of arthropods may provide useful
of local communities (Adams et al., 2020). They are  information to augment biological ~control. The
influenced by plant diversity, habitat structural ~ estimation of arthropods’ distribution and their feeding
complexity, density, population dynamics, size, natural habits in farmlands along spatlgl gradients remains a
enemies and environmental factors (Ramzan et al., 2021).  fundamental concern for ecologists (Descombes et al.,
These patterns lead to the disappearance of species-rich 2017; Ghahramani et al., 2019). )
and diverse ecosystems, which serve as crucial habitats ~ Spatio-temporal dynamics and geographical
for many species (Cardinale et al., 2018). variations in species communities are the cumulative
Arthropods perform ecosystem services such as results of habitat structure, intrinsic population dynamics
nutrient recycling, trophic structures, decomposition, and moving strategies (Cours et al., 2023). The critical

plant pollination, habitat provision and predation (Botha ~ Problem in arthropod ecology is understanding the
et al., 2018; Amala and Subaharan, 2022; Chowdhury et~ distribution patterns of arthropod species and the
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underlying maintenance processes. However, there are
still gaps in our understanding of the environmental
conditions that shape the distribution of distinct spatial
gradients in arthropod species (Guo et al., 2019).
Lehmann et al. (2020) observed that temperature and
relative humidity are considered the main factors in
determining  arthropods’  diversity —and  species
distribution; they may alter the species composition and
community structures.

Making informed management decisions about
the steps required to preserve arthropods and associated
ecosystem processes at various spatial scales in
agricultural landscapes requires a knowledge of how
arthropods vary in response to plant variety (Mori et al.,
2018). Dianzinga et al. (2020) revealed that arthropods'
alpha and beta diversity impacts agroecosystem seasonal
changes and habitat structure. The fragmentation of
farmland has led to a dispersed distribution of resources
at the landscape level, which significantly increases the
significance of landscape structure in defining the final
spatial pattern of a pest within and outside a crop field.
The short-distance foraging flights of herbivores, as well
as the dispersion of predators and parasitoids, are really
influenced by the distribution of host plants, including
alternate hosts (Sciarretta and Trematerra, 2014). Possible
effects of global change on soil fauna abundance and
diversity and the consequences of land use change and
soil disturbance have all been examined in worldwide
experiments (Wale and Yesuf, 2022). However, the
temporal and spatial interspecific interactions as well as
the feeding sources of insects on citrus canopies remain
unclear.

In the citrus ecosystem, arthropods carry out
different ecological functions that may affect the
dynamics of citrus production (Pekas et al., 2011). It is
complex ecosystems where plants have adjacent
associations  with inhabiting fauna because of
modification in plant communities (Paudel and Tiwari,
2022; de Paz et al., 2023). Mansour et al. (2018)
observed arthropods’ diversity in citrus orchards and
found pests to be the most common limiting factor in
citrus production. Citrus (Rutaceae) includes diverse
species of major economic importance, providing high
nutritional value but also serving as hosts to numerous
insect pests (Mushtaq et al., 2022). Pakistan produces
more than 30 different fruit varieties, of which citrus
makes up around 30 percent of the total fruit production
in the region (Bangulzai et al., 2022). Punjab province
produces more than 95% of citrus fruits sold through
various value chains in international and domestic
markets. Without much value addition, a significant
portion of production is consumed locally; however, 10-
12% of the total supply is exported after value addition
(Siddique and Garnevska, 2018). Given the ecological
and economic significance of citrus orchards in Punjab,
this study aimed to quantify the Spatio-temporal diversity
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and abundance of arthropods across different agro-
climatic regions.

MATERIALS AND METHODS

Study sites: Pakistan encompasses a rich variety of
landscapes with plains, deserts, mountains and forests
having 30.3753° N Latitude and longitude 69.3451° E. A
preliminary survey was done from the four different
districts of the Punjab viz. Faisalabad, Layyah, Vehari
and Sahiwal (Figure 1). This region has distinct
ecological habitats and shows seasonal variations during
the entire year. In this survey, the citrus orchards were
selected for the sampling/ collection purpose of the
arthropod’s fauna. The description of each district is
given below.

Experimental Layout

Sampling of arthropods’ fauna: For the sampling
purpose, a field of 5 hectares was selected from each of
four selected sites (Faisalabad, Layyah, Vehari and
Sahiwal) of citrus orchards. There was one orchard
selected from each district. The arthropods fauna was
collected from all the sites fortnightly for the consecutive
two years (January 2020 to December 2021) and
collected 48 samples from each site. Three subunits (each
4 acres) were also made from each site as replicates.
Sweep nets, pitfall traps, forceps (lightweight spring-steel
and sharp-pointed depending upon the specimen
structure) and direct hand-picking methods were used for
collection purposes. The fauna was collected from 08:00
to 10:00 am each day of sampling for two hours using the
sweep nets. The pitfall traps that were used contained 12
cm diameter plastic jars containing 10% formalin and a
few drops of detergents for surface tension. The traps
were dug using the gardener's trowels into the soil where
their upper surface reached the upper layer. Each trap was
placed at the 10 meters distance. These pitfall traps were
placed for 24 hours, then specimens were collected and
shifted in the glass jars.

The collected specimens from the sweep nets,
forceps and handpicking were kept in killing glass jars.
Some specimens such as butterflies, moths, dragonflies
and damselflies were placed in the wide-mouthed jars
containing the potassium cyanide as a Kkilling agent
(which was handled very carefully) (Gibb and Oseto,
2019). Specimens with fragile wings were handled
separately to prevent damage. The jars were labeled with
the sampling day's date, time, temperature and humidity.
All specimens collected were considered one sample.

Identification: After complete sampling, these specimens
were shifted to the Biodiversity Laboratory for further
shifting in the glass vials. Before shifting the specimens
from killing jars to the vials (having leak-proof caps),
specimens were washed with distilled water using petri
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dishes and removed all the vegetation and soil material
attached with specimens. The glass vials were prepared
with Ethanol and distilled water (70:30) for preservation
and identification. The specimens having the same
morphological structure were shifted in the same glass
vials with sampling date and number.

The glass vials containing the specimens were
used for identification purposes. For the identification, a
Petri plate, glass slide, glass lens, light microscope and
stereomicroscope were used. The identification was made
up to the lower possible taxonomic level using different
taxonomic keys, fauna of British India, books, literature,
(Holloway et al., 1992; Rafi et al., 2005; Triplehorn et
al., 2005; Beutel and Leschen, 2016; Bharti et al., 2016;
Rasheed et al., 2019; Kalkman et al., 2020) internet

resources and websites (https://bugguide.net,
https://www.antwiki.org, https://www.antweb.org,
https:// indiabiodiversity.org,

https://www.insectidentification.org,
https://content.ces.ncsu.edu/catal
og/series/166/entomology-insect-notes). After the
identification, the vials were labeled with the species
name, family and order.

All the protocols were used under the ethical and
safety concern provided institutional Biosafety and
Bioethics committee (IBC) of university.

Statistical Analyses: After the identification and
tabulation of all arthropod species in accordance with
their taxonomic level i.e. Class, Order, Family, Species.
The interaction of abiotic factors was computed
according to the variables of the selected sites (Steel et
al.,, 1997). Arthropods are an integral part of
agroecosystems, as they balance the ecosystem
functioning and play an important role in the
sustainability of global biodiversity. Hence, the species
dynamics of arthropods were elucidated by the Diversity
Index. The diversity indices were used to find the
Shannon diversity index, richness, evenness, dominance,
Simpson index (Shannon, 1948; Simpson, 1949; Ludwig
and Reynolds, 1988; Magurran, 1988a; b) and
community structure. The detail is given below:

Diversity Indices for measurement of species diversity
and richness

Shannon’s Diversity Index (H'): Data were analyzed to
determine the species diversity with the
Shannon diversity index (H') = —X (pi In pi)
Dominance Index
D = Z(pi?)
Evenness Index
Evenness (E)=H'/In S
Simpson Index
Simpson Index (1 — D) =1 — X (pi?)
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Individual based Rarefaction and Species Accumulation
Curve: Individual based Rarefaction curve was plotted
using the number of species against the number of
samples data. This curve was made by random pool of N
samples and then plotting average number of species
found on each sample. This aimed to test if a particular
sample has enough sequence information to accurately
reflect its identity (Colwell et al., 2012; Colwell and
Elsensohn, 2014). A species accumulation curve was
drawn to determine the observed species' expected
number (Colwell et al., 2004).

A Generalized Linear Model was used to assess
the effects of environmental variables (temperatures and
relative humidity) on the abundance and richness of
arthropods. Orders richness and abundance were
considered as response variables while districts and
climatic factors were predictor variables. As all
abundances were count data, GLMs were fitted using a
Poisson distribution error and log link function. Jaccard
Distance measure a similarity dendrogram was created
(Kosub, 2019), which enabled the assessment of insect
community patterns in the different months.

Non-metric Multidimensional Scaling (NMDS): Non-
metric Multidimensional Scaling (NMDS), a rank-based
multivariate analysis, was applied to correlate the
dissimilarities of species abundance and elucidate the
relationships among arthropod species and their sample-
wise occurrence in all habitats. The R functions
metaMDS and envfit were used to run NMDS. The stress
value was observed 0.079.

Redundancy Analysis (RDA): Redundancy Analysis
RDA was used to examine the relationship between
arthropods assemblages and the explanatory variables
(Legendre and Legendre, 1998). We developed an
ordination (Redundancy Analysis—RDA) approach to test
for the association of arthropod composition with
environmental variables while controlling for geographic
separation between sampling areas. Species were selected
for inclusion through the ‘ordistep” function in ‘vegan’.
Redundancy analysis (‘rda’in  ‘vegan’) was then
performed on the composition of insect species with
geographical distance as a conditioning variable.

Principal Coordinate Analysis (PCoA): Principal
Coordinates Analysis (PCoA) was used to explore and
visualize similarities or dissimilarities of data (Zuur et al.,
2007).

The data were analyzed using the software i.e., Microsoft
Excel, Graph pad prism, PAST4.03 (Hammer et al.,
2001), R Studio and base. The R version v.4.3.0 and the
package' vegan' was used for analyses (R Development
Core Team 2023) (Oksanen et al., 2019). All the
statistical analyses were performed at the significance
level of o = 0.05.
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RESULTS

Population abundance of Arthropods: A total of 16794
specimens were collected from all the sites. The highest
abundance was recorded from Faisalabad 32.99%,
followed by Sahiwal 26.01%, Vehari 23.73% and least
was recorded from Layyah 17.25% (Figure 2).

Taxa Composition: The arthropod taxa compsotion
recorded from Faisalabad was 11 orders, 61 families, 141
species; from layyah 9 orders, 39 families and 75 species.
Vehari had 10 orders, 48 families and 101 species, while
Sahiwal pertained 11 orders, 53 families and 113 species
(Table 1).

Relative abundance up to order level: Arthropods were
recorded during the current research work from
Faisalabad having lowest abundance (0.22%) from
Dermaptera and highest (32.22%) form Diptera (Table 2).
(Figure 3A). From Layyah, the highest relative
abundance was found for order Diptera. The order
Blattodea and Dermaptera were not found from Layyah
(Table 2) (Figure 3B).

From Vehari, the highest relative abundance was found
for order Diptera (n=1522) and the lowest for order
Neuroptera (n=5). The only order Dermaptera was not
found (Table 2). The maximum percentage was 38.18%
for order Diptera (Figure 3C). From Sahiwal, the highest
relative abundance was found for the Diptera (n=1704)
(Table 2). The highest percentage was (39%) for order
Diptera (Figure 3D).

Relative abundance up to species level

Faisalabad: The highest relative abundance was
recorded from Faisalabad orchards for Diaphorina citri
(Liviidae: Hemiptera) (n=326), followed by Coccinella
septempunctata (Coccinillidae: Coleoptera) (n=195),
Tanytarsus sp. (Chironomidae: Diptera) (n=179) and
Musca domestica (Muscidae: Diptera) (n=125). While
least species recorded from Faisalabad were Agonischius
sp. (Elateridae: Coleoptera) (n=2) and Aphodius sp.
(Scarabaeidae: Coleoptera) (n=3) (Table S1).

Layyah: The highest relative abundance was recorded
from Layyah orchards for C. septempunctata (n=115),
followed by Tanytarsus sp. (n=109), Bactrocera zonata
(Tephritidae: Diptera) (n=102) and Bemisia tabaci
(Aleyrodidae: Hemiptera) (n=92). While least species
recorded from Layyah were Crocothemis sp.
(Libellulidae: Odonata) (n=6) and Macrosteles sp.
(Cicadellidae: Hemiptera) (n=7) (Table S1).

Vehari: From Vehari, highest abundance was found for
Culex quinquefasciatus (Culicidae: Diptera) (n=164),
followed by Tanytarsus sp. (n=144), C. septempunctata
(n=124) and D. citri (n=124). Whereas least recorded
species were Ceriagrion sp. (n=2) (Coenagrionidae:
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Odonata) and Asteiidae sp. (Asteiidae: Diptera) (n=4)
(Table S1).

Sahiwal: The highest relative abundance was recorded
from Sahiwal orchards for B. dorsalis (h=194), followed
by Tanytarsus sp. (n=185) Drosophila suzukii
(Drosophilidae: Diptera) (n=153) and C. septempunctata
(n=128). While least species recorded from Layyah were
Catopsilia sp. (Nymphalidae: Lepidoptera) (n=2) and
Lestes sp. (Lestidae: Odonata) (n=2) (Table S1).

Diversity Indices: The maximum Diversity H was
recorded from Faisalabad 4.52, followed by Sahiwal
4.25, Vehari 4.19 and least from Layyah 4.11. The
Evenness was maximum in Layyah 0.813 followed by
Vehari 0.699, Sahiwal 0.664 and minimum for Faisalabad
0.653. Dominance was higher in Layyah 0.019 and less in
Faisalabad 0.015. Simpson was maximum in Faisalabad
0.984 followed by Sahiwal 0.983, Vehari 0.982 and
Layyah 0.980. Margalef richness was recorded highest
from Faisalabad 15.24 and lowest from Layyah 9.28.
Other diversity factors are also presented in the Table 3.

Individual-Based Rarefaction Curve: The species
richness rarefaction curve explained that most rare
species were present in Faisalabad, while Sahiwal and
Vehari showed likely similar plateau of the curve. The
Layyah showed less species richness when compared to
all other regions (Figure 4 and 5). Figure 6 detailed that
the Shannon diversity was higher in the Faisalabad region
and lower in the Layyah, while both (Vehari and Sahiwal
had the average diversity). The similarity was calculated
using the Jaccard index and found less than 20%
similarity when considering the presence and absence of
arthropod species. The cophenetic correlation was 0.899

and > 0.8 indicates dendrogram reasonably fits
dissimilarities (Figure 7).
The species richness and abundance were

correlated with the temperature and relative humidity. It
was found that the overall temperature influenced the
species abundance more than the humidity. In the order
Araneae, temperature was significantly correlated with
abundance for all territories except Vehari while, non-
significant with relative humidity. Species richness was
also significantly correlated with temperature while
relative humidity showed a non-significant correlation in
Layyah and Vehari. The order Coleoptera species
richness and abundance were significantly correlated with
the temperature and humidity in Faisalabad, Vehari and
Sahiwal, while species richness was non-significantly
correlated with the temperature and humidity only in
Layyah.

The species abundance and richness of order
Diptera was significantly correlated with the humidity
and temperature except in Layyah where arthropods
fauna non-significantly correlated with humidity. In the
order Hemiptera, species richness was significantly
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correlated with temperature while, humidity showed non-
significant results in all regions except Faisalabad. The
abundance was significant with temperature and was non-
significant with humidity in Vehari and Sahiwal. The
species abundance and richness of order Hymenoptera
were significantly correlated with the temperature and
humidity in all sites except in Layyah where fauna non-
significantly correlated with humidity.

In the order Lepidoptera, the richness and
abundance were not found significant from all the sites
except the abundance in Faisalabad and Sahiwal. There
was no significant interaction in Faisalabad and Layyah
for order Odonata while, richness and abundance in
Vehari and Sahiwal showed significant correlation with
temperature and humidity. Order Orthoptera showed the
significant interaction with humidity and temperature
with respect to species abundance and richness, while the
species richness was not significant with relative
humidity in the Layyah region (Table 4).

Non-Metric Multidimensional Scaling (NMDS): The
arthropods community composition varied among four
areas viz. Faisalabad, Layyah, Vehari and Sahiwal. A
PERMANOVA test demonstrated that taxonomic
compositions of arthropods communities  were
significantly varied among different habitats (p = 0.001).
Meanwhile, the NMDS plot results demonstrated that the
arthropod species from different regional habitats varied
with occurrence. There was a clear cluster difference and
smooth gradient in one direction across the samples from
the four different regions (Figure 8).

The arthropod species communities were
clustered into an ordination plot using the PCoA based on
the bray-Curtis distance matrix. The PCoA analysis of the
first and second axes explained together percent (%) of
the total variance. The variance was largely explained by
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the order Diptera, Dermaptera, Neuroptera, Blattodea,
Araneae and Odonata (Figure 9).

Redundancy Analysis (RDA): It was observed that the
temperature and humidity factor influenced the species
occurrence. Both axes of RDA retained for interpretation
were significant (F= 4.5175; p < 0.001) and constrained
inertia 16.7% (Table 5). In the Faisalabad site the species
Di. ci., Phy. Ci.,, P. wa. and P. car. were positively
correlated with temperature and B. zo., Spo. sp. showed
negative correlation. The B. zo, A. go showed somewhat
positive correlation and Sc. Gr, Dy, ci, cl. Sp., C. sep., E.
co were negatively correlated with humidity (Figure 10a).
In Layyabh site, species He. Ar., D. su., P. wa., C. sep., Di.
ci. were positively correlated with temperature and B. zo.
negatively correlated. The Spo. sp showed a positive
correlation and weak positive Ste. sp. while C. sep.,
P.wa., Phy. Ci, Ves. sp., D. su were negatively
correlated with humidity (Figure 10b). Both axes of RDA
retained for interpretation were significant (F= 2.9928; p
< 0.001) and constrained inertia 11.5% (Table 5).

In Figure 10c, the species B. br., V.e.sp. were
increased positively with increasing humidity level while
negatively correlated species were He. Ar., B. coc., I. Sp.
The temperature showed a positive correlation with B.
do., Rho. Sp., He. Ar., P. wa. and B. br. Spo. sp. was in
negative relationship. The axes of RDA retained for
interpretation were significant (F= 2.9687; p < 0.001) and
constrained inertia 11.7% (Table 5).

The axes of RDA retained for interpretation
were significant (F= 3.4201; p < 0.001) and constrained
inertia 13.2% (Table 5). In Sahiwal site, the species Sce.
sp were positively correlated with humidity and B. zo.,
Ep. vi., Dy. ko. negatively correlated. The Di.ci., He. ar.
showed positive correlation while Mon. sp. showed weak
negative correlation with temperature (Figure 10d).

Table 1: Taxa compositon of arthropods recorded from all the terrioties

Taxa Composition Faisalabad Layyah Vehari Sahiwal
Order 11 9 10 11
Family 61 39 48 53
Species 141 75 101 113
Table 2: Relative abundance of arthropods' different orders recorded from all the territories.
Order Faisalabad Layyah Vehari Sahiwal Total
Arachnida
Araneae 2.74(152) 1.97(57) 1.23(49) 1.08(47) 1.82(305)
Sub-total (a) 2.74(152) 1.97(57) 1.23(49) 1.08(47) 1.82(305)
Insecta
Blattodea 1.50(83) 0.00(0) 0.43(17) 1.53(67) 0.99(167)
Coleoptera 14.71(816) 13.98(405 8.53(340) 10.12(442) 11.92(2003)
Diptera 32.22(1787) 27.48(796) 38.18(1522) 39.00(1704) 34.58(5809)
Dermaptera 0.22(12) 0.00(0) 0.00(0) 0.78(34) 0.27(46)
Hemiptera 16.86(935) 15.48(459) 15.18(605) 14.01(612) 15.57(2611)
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Hymenoptera 15.27(847) 17.54(508) 17.31(690) 13.07(571) 15.57(2611)
Lepidoptera 7.32(406) 11.29(327) 6.97(278) 9.29(406) 8.44(1417)
Neuroptera 0.56(31) 0.31(9) 0.13(5) 0.18(8) 0.32(53)
Odonata 1.60(89) 3.07(89) 3.06(122) 3.71(162) 2.75(462)
Orthoptera 6.92(384) 8.53(247) 8.98(358) 7.23(316) 7.77(1305)
Sub-total (b) 97.26(5390) 98.03(2840) 98.77(3937) 98.92(4322) 98.18(16489)
Total (at+b) 5542 2897 3986 4369 16799
Table 3: Diversity indices recorded from all the territories

Diversity factors Faisalabad Layyah Vehari Sahiwal
Diversity H 4.52 4.11 4.19 4.25
Evenness eAH/S 0.653 0.813 0.699 0.664
Dominance D 0.015 0.019 0.017 0.018
Simpson 1-D 0.984 0.980 0.982 0.983
Brillouin 4.46 4.04 4.19 4.25
Menhinick 1.89 1.39 1.6 1.71
Margalef 15.24 9.28 12.06 13.36
Equitability J 0.914 0.952 0.922 0.913
Fisher alpha 26.34 14.06 18.85 21.19
Berger-Parker 0.058 0.039 0.041 0.044
Chao-1 141 75 101 113

Table 4: Relationship of environmental variables with richness and abundance of arthropods (* = p < 0.05, ** =p

< 0.005, *** = p < 0.0001; non-significant = p > 0.05)

Order Metric Variable Faisalabad Layyah Vehari Sahiwal
p-value p-value p-value p-value
Araneae Abundance Temperature * * >0.05 *
Relative humidity > 0.05 > 0.05 > 0.05 > 0.05
Richness Temperature *x *x * *
Relative humidity *x >0.05 >0.05 *
Blattodea Abundance Temperature * NIL * *
Relative humidity >0.05 >0.05 >0.05
Richness Temperature * * >0.05
Relative humidity >0.05 >0.05 >0.05
Coleoptera Abundance Temperature faleded * *x el
Relative humidity ** * * **
Richness Temperature Fxk > 0.05 * *
Relative humidity * >0.05 ** **
Diptera Abundance Temperature Hx * wx **
Relative humidity wx * * *x
Richness Temperature falaad * * *x
Relative humidity *x >0.05 * *
Dermaptera Abundance Temperature * NIL NIL *
Relative humidity >0.05 *
Richness Temperature >0.05 >0.05
Relative humidity >0.05 >0.05
Hemiptera Abundance Temperature bl * * *
Relative humidity * * > 0.05 > 0.05
Richness Temperature ** * *x *
Relative humidity * >0.05 >0.05 >0.05
Hymenoptera Abundance Temperature *x * ** *
Relative humidity *x * * *
Richness Temperature *x * *x *

847
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Relative humidity * >0.05 * *
Lepidoptera Abundance Temperature * >0.05 >0.05 *
Relative humidity * >0.05 >0.05 *
Richness Temperature * >0.05 >0.05 >0.05
Relative humidity >0.05 >0.05 >0.05 >0.05
Neuroptera Abundance Temperature * >0.05 > 0.05 > 0.05
Relative humidity * >0.05 >0.05 >0.05
Richness Temperature >0.05 > 0.05 >0.05 >0.05
Relative humidity >0.05 >0.05 >0.05 >0.05
Odonata Abundance Temperature >0.05 >0.05 * *
Relative humidity >0.05 >0.05 * *
Richness Temperature >0.05 >0.05 * *
Relative humidity >0.05 >0.05 * >0.05
Orthoptera Abundance Temperature *x * ** **
Relative humidity *x * * **
Richness Temperature wx * * *
Relative humidity * > 0.05 * *

Table 5: The statistical values of Redundancy Analysis (RDA) analysis for each site

Site Tested df F P Constrained Inertia adj. R?
Faisalabad 2,45 45175 0.001 16.7% 0.13

Layyah 2,45 2.9228 0.001 11.5% 0.0756
Vehari 2,45 2.9687 0.001 11.7% 0.0773
Sahiwal 2,45 3.4201 0.001 13.2% 0.0934

I raisalabad 31.4504° N, 73.1350°E

0 sahiwal 30.5854° N, 72.9933°E
Vehari 30.0442° N, 72.3441° E

I L2yyah 30.9693° N, 70.9428° E

Figure 1: Map showing the districts and sites for sampling with coordinates
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DISCUSSION

The functional group richness of the arthropod
communities increased with better proportion of
environmental variables (Sattler et al., 2010; Gonzélez-
Césped et al., 2021). These findings are expanded in this
research to demonstrate that functional group richness
and the variety of functions performed is similarly
impacted. The directly influenced species from habitat
alterations have been the focus of most research.

In the present study, the highest abundance was
found from Faisalabad, followed by Sahiwal, Vehari and
Layyah. This may be due to the more favorable
environmental conditions in Faisalabad and less favorable
in Layyah. The Arthropods’ diversity is primarily based
on the meteorological and land use parameters which
increase or decrease with their change (Majeed et al.,
2020; Horak et al., 2021). Our results showed that
diversity indices were lower in the Layyah region than in
other regions. Either citrus orchard has some common
weeds but some vegetation changes with respect to the
areas. This difference may be responsible for the change
in insect species diversity and abundance (Khadijah et al.,
2013). This is also reported in the former study of
Fauziah & Ibnu (2009) that vegetation strongly
influences the occurrence of the species. In the present
study, Layyah had less species richness when compared
to all other regions due to minimum vegetative area.

In the current study, it was observed that space
and time affected the pattern of arthropods diversity. Host
specificity, geographical specialization, and temporal
fluctuations in faunal abundance are the patterns of insect
communities that are most often reported (Wardhaugh,
2014). Gao et al. (2021) evaluated the arthropod species
distribution under the influence of latitudinal gradients
and observed that the fauna occurrence is highest when
climate warms moderately. Other studies showed that
spatiotemporal factors change the arthropod diversity in
agroecosystems (Nickell et al., 2018; Nargis et al., 2021).
Notably, spatial gradients have been useful for assessing
the effect of climatic factors on community composition
changes and pest interaction with predators (Defossez et
al., 2018).

It is well established that environmental
variables and the influence of biogeographic factors
account for most fluctuations in species abundance.
Climatic conditions impact the biodiversity of species
(Garcia et al. 2014; Williams and Newbold 2020). In our
study, environmental variables' effects were recorded,
which showed strong control over arthropods fauna's
diversity and abundance. The results of this investigation
demonstrated that variations in temperature, precipitation,
and humidity impacted insect diversity. Previous research
has also shown that higher temperatures and decreased
humidity influence diversity patterns of insect
populations (Majeed et al.,, 2020). Spatio-temporal
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patterns of biodiversity in ecological community reserves
may be under risk because of local activities and changes
in land use (Frondoni et al., 2011; Hassan and Syakir,
2023). Prather et al. (2020) suggested that humidity
regulates arthropod abundance and diversity while
temperature regulates arthropod diversity (Xu et al.,
2013). Low humidity increases surface temperatures, and
higher surface temperatures reduce arthropod diversity
while increased humidity promotes higher arthropod
abundance and diversity (Torode et al., 2016).

Moreover, our results showed that predator and
pests’ species were most common in all orders. Keeping
in view the importance of pest and predator relationship
in niche, their survival is critical. The applications of
pesticides don't only affect pests; they also kill natural
predator when they come into touch with them directly
(Jacobsen et al., 2019; Sattler et al., 2020). Over the last
several decades, there has been a worldwide surge in the
usage of pesticides in agriculture. Consequently, we may
assume that the study's agricultural area had observed
change in the ratio of pests to predators (Popp et al.,
2013). Ecosystem healthier production depends on a
balanced pest-to-predator ratio (Ghosh and Kar, 2014;
Mushtag et al., 2023). In any agricultural landscape,
environmental management is necessary to maintain the
diversity and effectiveness of insect communities, which
can help to balance insect pests and predators in an
agroecosystem (Arshad et al., 2018). Tena et al., (2017)
evaluated that parasitoids fail to control mealy bugs
population in citrus which caused deformations in shape,
particularly around the apex and fruit size. Hence, there is
a need to know the exact number and feeding habits of all
inhabiting arthropods to control pest damage via
environment-friendly approaches (Tena et al., 2015).
Therefore, it is vital to research the arthropods’
distribution pattern and their feeding habits in fruit
orchards (Hasinu et al., 2021).

Predictions involving how changes in landscape
arrangement may impact species distributions seem to be
much improved by considering the functional features of
pollinators, natural enemies, and pests’ species (Wood et
al., 2015). Many fruit crops depend on insect pollination
increasing the nutritional content of fruits. Meanwhile,
fruit crops benefit more from insect pollination than other
crops (Balfour and Ratnieks, 2017). Conversely, if
pollinator diversity is declined, fruit output would
likewise fall below levels consumed globally (Samnegérd
et al., 2019; Nunes-Silva et al., 2020). The existence of
spatio-temporal associations between pests and predators
is useful in implementing biological control of pests and
can increase the efficiency of predators (Karimzadeh and
Sciarretta, 2022; Lewin et al., 2022).

Conclusion: Ecological distribution of species varies
according to the abiotic factors and spatiotemporal
gradients in any region, as they significantly impact the
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abundance and richness of arthropod fauna in terrestrial
ecosystems. The fauna from Faisalabad was recorded
more than Sahiwal, Vehari and Layyah because of the
better environmental conditions and agroecological
zones. The moderate temperature and humidity support
the higher diversity of soil fauna compared to the intense
weather conditions in summer and winter. For future
sustainability, strategies to manage and sustain arthropod
fauna, capitalization of biotic components, and more tree
plantation are necessary as they provide the food source
and favorable habitat to live the arthropods in terrestrial
ecosystems. Arthropod biodiversity programs should be
established at a large scale to understand the significance
of fauna at a single patch. It represents new thinking by
ecologists about the importance of faunal diversity
because there is still extensive unexplored arthropod
faunal diversity in many world regions. This study
provides the baseline data for the arthropod’s species,
which can be helpful in the management of the pests. By
getting the predators information from the study,
biological control tools can be applied for ecofriendly
management of species. This study can be helpful in the
planning of conservation programs as well as provide
information to farmers and researchers to initiate
integrated pest management strategies in particular areas.

Conflict of interest: We declare no conflict of interest
between our work.

Author Contribution: WM, NR and NE designed the
study. WM, NR, NE wrote the manuscript. WM analyzed
the data. NR supervised the experiment. NR and NE
critically reviewed the final manuscript.

Acknowledgments: The authors
University of Agriculture,
providing research facilities.

acknowledge the
Faisalabad, Pakistan for

REFERENCES

Adams, B.J., E. Li, C.A. Bahlai, E.K. Meineke, T.P.
McGlynn and B. V. Brown (2020). Local- and
landscape-scale variables shape insect diversity
in an urban biodiversity hot spot. Ecol. Appl.
30:e02089. https://doi.org/10.1002/eap.2089
U. and K. Subaharan (2022). Ecological
Implications on Insect Biodiversity. Ind. J. Plant
Genet. Resourc. 35:401-405.
https://doi.org/10.5958/0976-1926.2022.00109.7
Arshad, M., M.1. Ullah, M. Afzal, H.M. Aatif, Y. Iftikhar,
J. Molina-Ochoa and J.E. Foster. (2018).
Association of citrus leafminer Phyllocnistis
citrella (Lepidoptera: Gracillariidae) damage
with physiological parameters and larval weight
in Citrus reticulata. Int. J. Trop. Insect Sci.
38:26-32.
https://doi.org/10.1080/15538362.2020.1772179

Amala,

856

J. Anim. Plant Sci., 36 (3) 2026

Balfour, N.J. and F.L.W. Ratnieks (2017). Using the
waggle dance to determine the spatial ecology of
honeybees during commercial crop pollination.
Agricult.  Forest  Entomol.  19:210-216.
https://doi.org/10.1111/afe.12204

Bangulzai, N., S.F. Ahmed, M. Kashif, M. Fatima, M.
Ahmed and N. Mushtag (2022). Antifungal
activity of essential oils extracted from different
plants against Penicillium digitatum causing
green mold of citrus. Int. J. Agricult. Biosci.
11:75-83.
https://doi.org/10.47278/journal.ijab/2022.011

Beutel, R.G. and R.A.B. Leschen (2016). Coleoptera,
Beetles. Morphology and Systematics R.G.
Beutel and R.A.B. Leschen (eds.). De Gruyter.
1: 684pp.

Bharti, H., B. Guénard, M. Bharti and E.P. Economo
(2016). An updated checklist of the ants of India
with their specific distributions in Indian states
(Hymenoptera, Formicidae). Zookeys 2016:1-
83. https://doi.org/10.3897/z00keys.551.6767

Botha, M., S.J. Siebert, J. van den Berg, S. Ellis and B.M.
Greyvenstein  (2018). Diversity patterns of
selected predaceous arthropod groups in maize
fields and margins in South African Highveld
grassland. Agricult. Forest Entomol. 20:461-
475. https://doi.org/10.1111/afe.12277

Callis-Duehl, K., P. Vittoz, E. Defossez and S. Rasmann
(2017). Community-level relaxation of plant
defenses against herbivores at high elevation.
Plant Ecol. 218:291-304.
https://doi.org/10.1007/s11258-016-0688-4

Cardinale, B.J., A. Gonzalez, G.R.H. Allington and M.
Loreau (2018). Is local biodiversity declining or
not? A summary of the debate over analysis of
species richness time trends. Biol. Conserv.
219:175-183.
https://doi.org/10.1016/j.biocon.2017.12.021

Chowdhury, S., V.K. Dubey, S. Choudhury, A. Das, D.
Jeengar, B. Sujatha, A. Kumar, N. Kumar, A.
Semwal and V. Kumar (2023). Insects as
bioindicator: A hidden gem for environmental
monitoring. Front. Environ. Sci. 11:273.
https://doi.org/10.3389/fenvs.2023.1146052

Colwell, R.K., A. Chao, N.J. Gotelli, S.Y. Lin, C.X. Mao,
R.L. Chazdon and J.T. Longino (2012). Models
and estimators linking individual-based and
sample-based rarefaction, extrapolation and
comparison of assemblages. J. Plant Ecol. 5:3-
21. https://doi.org/10.1093/jpe/rtr044

Colwell, R.K. and J.E. Elsensohn (2014). EstimateS turns
20: Statistical estimation of species richness and
shared species from samples, with non-
parametric extrapolation. Ecography 37:609—
613. https://doi.org/10.1111/ecog.00814


https://doi.org/10.1002/eap.2089
https://doi.org/10.5958/0976-1926.2022.00109.7
https://doi.org/10.1080/15538362.2020.1772179
https://doi.org/10.1111/afe.12204
https://doi.org/10.47278/journal.ijab/2022.011
https://doi.org/10.3897/zookeys.551.6767
https://doi.org/10.1111/afe.12277
https://doi.org/10.1007/s11258-016-0688-4
https://doi.org/10.1016/j.biocon.2017.12.021
https://doi.org/10.3389/fenvs.2023.1146052
https://doi.org/10.1093/jpe/rtr044
https://doi.org/10.1111/ecog.00814

Majeed et al.,

Colwell, R.K.,, CX. Mao and J. Chang (2004).
Interpolating, extrapolating, and comparing
incidence-based species accumulation curves.
Ecology 85:2717-2727.
https://doi.org/10.1890/03-0557
Cours, J., C. Bouget, N. Barsoum, J. Horadk, E. Le
Souchu, A.B. Leverkus, S. Pincebourde, S.
Thorn and A. Sallé (2023). Surviving in
Changing Forests: Abiotic Disturbance Legacy
Effects on Arthropod Communities of
Temperate Forests. Curr. Forest. Rep. 9:189-—
218. https://doi.org/10.1007/s40725-023-00187-
0
de Paz, V., J.D. Asis, A. Holzschuh and L. Bafos-Picon
(2023). Effects of Traditional Orchard
Abandonment and Landscape Context on the
Beneficial ~ Arthropod Community in a
Mediterranean Agroecosystem. Insects 14:277.
https://doi.org/10.3390/insects14030277
Defossez, E., L. Pellissier and S. Rasmann (2018). The
unfolding of plant growth form-defence
syndromes along elevation gradients. Ecol. Lett.
21:609-618. https://doi.org/10.1111/ele.12926
Descombes, P., J. Marchon, J.-N. Pradervand, J. Bilat, A.
Guisan, S. Rasmann and L. Pellissier (2017).
Community-level plant palatability increases
with elevation as insect herbivore abundance
declines. J. Ecol. 105:142-151.
https://doi.org/10.1111/1365-2745.12664
Dianzinga, N.T., M. Moutoussamy, J. Sadeyen, L.H.R.
Ravaomanarivo and E. Frago (2020). The
interacting effect of habitat amount, habitat
diversity and fragmentation on insect diversity
along elevational gradients. J Biogeography
47:2377-2391. https://doi.org/10.1111/jbi.13959
A. and S. Ilbnu (2009). Rove beetles
(Coleoptera: Staphylinidae) of Lanjak Entimau,
Sarawak, East Malaysia. Int. J. Zool. Res.
5:126-135.
https://doi.org/10.3923/ijzr.2009.126.135
Forister, M.L., E.M. Pelton and S.H. Black (2019).
Declines in insect abundance and diversity: We
know enough to act now. Conserv. Sci. Pract.
1:e80. https://doi.org/10.1111/csp2.80
Frondoni, R., B. Mollo and G. Capotorti (2011). A
landscape analysis of land cover change in the
Municipality of Rome (Italy): Spatio-temporal
characteristics and ecological implications of
land cover transitions from 1954 to 2001.

Fauziah,

Landscape Urban Plan. 100:117-128.
https://doi.org/10.1016/j.landurbplan.2010.12.00
2

Gao, L., C. Wei, H. Xu, X. Liu, E. Siemann and X. Lu
(2021). Latitudinal variation in the diversity and
composition of various organisms associated
with an exotic plant: the role of climate and

857

J. Anim. Plant Sci., 36 (3) 2026

plant invasion. New Phytol. 231:1559-1569.
https://doi.org/10.1111/nph.17479
Garcia, R.A., M. Cabeza, C. Rahbek and M.B. Araljo
(2014). Multiple dimensions of climate change
and their implications for biodiversity. Science
2: 486-496.
https://doi.org/10.1126/science.1247579
Ghahramani, M., R. Karimzadeh, S. Iranipour and A.
Sciarretta (2019). Does Harvesting Affect the
Spatio-Temporal Signature of Pests and Natural
Enemies in Alfalfa Fields? Agronomy 9:532.
https://doi.org/10.3390/agronomy9090532
Ghosh, B. and T.K. Kar (2014). Sustainable use of prey
species in a prey—predator system: Jointly
determined ecological thresholds and economic
trade-offs. Ecol. Model. 272:49-58.
https://doi.org/10.1016/j.ecolmodel.2013.09.013
Gibb, T.J. and C. Oseto (2019). Insect collection and
identification: Techniques for the field and
laboratory. Academic Press.
https://doi.org/10.1016/C2018-0-00136-X
Gonzalez-Césped, C., AJ. Alaniz, P.M. Vergara, E.
Chiappa, J. Zamorano and V. Mandujano
(2021). Effects of urban environmental
conditions and landscape structure on taxonomic
and functional groups of insects. Urban Urban
Green 58:126902.
https://doi.org/10.1016/j.ufug.2020.126902
Guo, Q., S. Fei, K.M. Potter, A.M. Liebhold and J. Wen
(2019). Tree diversity regulates forest pest
invasion. Proceed. Nat. Acad. Sci. 116:7382—
7386. https://doi.org/10.1073/pnas.1821039116
Hammer, @., D.A.T. Harper and P.D. Ryan (2001). Past:
Paleontological statistics software package for
education and data analysis. Palaeontol.
Electron. 4:1-9. https://palaeo-
electronica.org/2001_1/past/past.pdf
Hasinu, J. V, R.Y. Rumthe and J.A. Leatemia (2021).
Insect diversity in vegetable crops of Waemital

Village, West Seram, Indonesia. IOP
Conference Series: Earth and Environmental
Science 805:012010.

https://doi.org/10.1088/1755-1315/805/1/012010

Hassan, G. and M.l. Syakir (2023). Spatio-temporal
analysis of land use and land cover changes in
Nguru Wetland, Yobe State, Nigeria. 10P
Conference Series: Earth and Environmental
Science. I0P Publishing. pp.012026.
https://doi.org/10.1088/1755-
1315/1167/1/012026

Holloway, J.D., J.D. Bradley, D.J. Carter and C.R. Betts
(1992). CIE Guides to Insects of Importance to
Man 1: Lepidoptera. Int. Inst. Entomol. 56:55—
92.

Horék, J., P. Rada, L. Lettenmaier, M. Andreas, P.
Bogusch and T. Jaworski (2021). Importance of


https://doi.org/10.1890/03-0557
https://doi.org/10.1007/s40725-023-00187-0
https://doi.org/10.1007/s40725-023-00187-0
https://doi.org/10.3390/insects14030277
https://doi.org/10.1111/ele.12926
https://doi.org/10.1111/1365-2745.12664
https://doi.org/10.1111/jbi.13959
https://doi.org/10.3923/ijzr.2009.126.135
https://doi.org/10.1111/csp2.80
https://doi.org/10.1016/j.landurbplan.2010.12.002
https://doi.org/10.1016/j.landurbplan.2010.12.002
https://doi.org/10.1111/nph.17479
https://doi.org/10.1126/science.1247579
https://doi.org/10.3390/agronomy9090532
https://doi.org/10.1016/j.ecolmodel.2013.09.013
https://doi.org/10.1016/C2018-0-00136-X
https://doi.org/10.1016/j.ufug.2020.126902
https://doi.org/10.1073/pnas.1821039116
https://palaeo-electronica.org/2001_1/past/past.pdf
https://palaeo-electronica.org/2001_1/past/past.pdf
https://doi.org/10.1088/1755-1315/805/1/012010
https://doi.org/10.1088/1755-1315/1167/1/012026
https://doi.org/10.1088/1755-1315/1167/1/012026

Majeed et al.,

meteorological and land use parameters for
insect diversity in agricultural landscapes. Sci.
Total Environ. 791:148159.
https://doi.org/10.1016/j.scitotenv.2021.148159
Jacobsen, S.K., G.J. Moraes, H. Sgrensen and L.
Sigsgaard (2019). Organic cropping practice
decreases pest abundance and positively
influences predator-prey interactions. Agricult.
Ecosyst. Environ. 272:1-9.
https://doi.org/10.1016/j.agee.2018.11.004
Kalkman, V.J., R. Babu, M. Bedjani¢, K. Conniff, T.
Gyeltshen, M.K. Khan, K.A. Subramanian, A.
Zia and A.G. Orr (2020). Checklist of the
dragonflies and damselflies (Insecta: Odonata)
of Bangladesh, Bhutan, India, Nepal, Pakistan
and Sri  Lanka. Zootaxa  4849:1-84.
https://doi.org/10.11646/zootaxa.4849.1.1
Karimzadeh, R. and A. Sciarretta (2022). Spatial
patchiness and association of pests and natural
enemies in  agro-ecosystems and their
application in precision pest management: a
review. Precision Agricult. 23:1836-1855.
https://doi.org/10.1007/s11119-022-09902-6
Khadijah, A.R., A.A. Azidah and S.R. Meor (2013).
Diversity and abundance of insect species at
Kota Damansara community forest reserve,
Selangor. Sci. Res. Essays 8:359-374.
https://doi.org/10.5897/SRE12.481
Kosub, S (2019). A note on the triangle inequality for the
Jaccard distance. Patt. Recog. Lett. 120:36-38.
https://doi.org/10.1016/j.patrec.2018.12.007
Legendre, P. and L. Legendre (1998). Numerical ecology.

Elsevier.
Lehmann, P., T. Ammunét, M. Barton, A. Battisti, S.D.
Eigenbrode, J.U. Jepsen, G. Kalinkat, S.

Neuvonen, P. Niemeld, J.S. Terblanche, B.
@kland and C. Bjorkman (2020). Complex
responses of global insect pests to climate
warming. Front. Ecol. Environ. 18:141-150.
https://doi.org/10.1002/fee.2160

Lewin, A., J.J. Erinjery, D. Nissim and T. lwamura
(2022). Social-ecological cascade effects of land
use on vertebrate pest dynamics in arid
agricultural communities. Ecol. Appl. 33:€2804.
https://doi.org/10.1002/eap.2804

Ludwig, J.A. and J.F. Reynolds (1988). Statistical
ecology: a primer in methods and computing.
John Wiley & Sons.

Magurran, A.E (1988a). Diversity indices and species
abundance models. Ecological Diversity and Its
Measurement. Springer Netherlands, Dordrecht.
pp.7-45.

Magurran, A.E (1988b). Ecological diversity and its
measurement. Princeton university press.

Majeed, W., N. Rana, E.B. de Azevedo Koch and S.
Nargis (2020). Seasonality and Climatic Factors

858

J. Anim. Plant Sci., 36 (3) 2026

Affect Diversity and Distribution of Arthropods
around Wetlands. Pakistan J. Zool. 52:2135-
2144, https://dx.doi.org/10.17582/ journal.pjz/
20200112020107
Mansour, R., L.P. Belzunces, P. Suma, L. Zappala, G.
Mazzeo, K. Grissa-Lebdi, A. Russo and A.
Biondi (2018). Vine and citrus mealybug pest
control based on synthetic chemicals. A review.
Agron. Sust. Dev. 38:37.
https://doi.org/10.1007/s13593-018-0513-7
Mori, A.S., F. Isbell and R. Seidl (2018). B-Diversity,
Community  Assembly, and  Ecosystem
Functioning. Trend. Ecol. Evol. 33:549-564.
https://doi.org/10.1016/j.tree.2018.04.012
Mushtaqg, S., S. Maalik, S.A. Rana, W. Majeed and N.
Ehsan (2023). Developmental analysis and
predatory potential of Eupeodes corollae
(Fabricius, 1794) (Diptera: Syrphidae) against
aphids: A practical approach of biological
control. Pakistan J. Agricult. Sci. 60:185-191.
https://doi.org/10.21162/PAKJAS/23.3
Mushtaq, S., M. Shafiq, T. Ashraf, M.S. Haider, S. Atta,
K.S. Almaary and M.S. Elshikh (2022).
Enumeration of citrus endophytic bacterial
communities based on illumine metagenomics
technique. PLoS One 17:e0263144.
https://doi.org/10.1371/journal.pone.0263144
Nargis, S., N. Rana, M.A. Khan and K. Abbas (2021).
Variation of soil arthropods abundance and
diversity between two sites of the Punjab
province in Pakistan. Int. J. Trop. Insect Sci.
41:1739-1746. https://doi.org/10.1007/s42690-
020-00379-2
Nath, R., H. Singh and S. Mukherjee (2023). Insect
pollinators decline: an emerging concern of
Anthropocene epoch. J. Apicult. Res. 62:23-38.
https://doi.org/10.1080/00218839.2022.2088931
Nickell, Z., S. Varriano, E. Plemmons and M.D. Moran
(2018). Ecosystem engineering by bison (Bison

bison)  wallowing increases  arthropod
community heterogeneity in space and time.
Ecosphere 9:02436.

https://doi.org/10.1002/ecs2.2436

Nunes-Silva, P., S. Witter, J.M. da Rosa, R. Halinski,
L.M. Schlemmer, C.J. Arioli, J.D. Ramos, M.
Botton and B. Blochtein (2020). Diversity of
Floral Visitors in Apple Orchards: Influence on
Fruit Characteristics Depends on Apple Cultivar.
Neotrop. Entomol. 49:511-524.
https://doi.org/10.1007/s13744-020-00762-1

Oksanen, J., F. Blanchet, R. Kindt, P. Legendre, P.
Minchin, R. O’Hara, G. Simpson, P. Solymos,
M. Henry, S. Wagner and H. Wagner (2019).
Vegan: community ecology package. R package
version 2.05-24. http://www.cran.r-project.org


https://doi.org/10.1016/j.scitotenv.2021.148159
https://doi.org/10.1016/j.agee.2018.11.004
https://doi.org/10.11646/zootaxa.4849.1.1
https://doi.org/10.1007/s11119-022-09902-6
https://doi.org/10.5897/SRE12.481
https://doi.org/10.1016/j.patrec.2018.12.007
https://doi.org/10.1002/fee.2160
https://doi.org/10.1002/eap.2804
https://dx.doi.org/10.17582/%20journal.pjz/%2020200112020107
https://dx.doi.org/10.17582/%20journal.pjz/%2020200112020107
https://doi.org/10.1007/s13593-018-0513-7
https://doi.org/10.1016/j.tree.2018.04.012
https://doi.org/10.21162/PAKJAS/23.3
https://doi.org/10.1371/journal.pone.0263144
https://doi.org/10.1007/s42690-020-00379-2
https://doi.org/10.1007/s42690-020-00379-2
https://doi.org/10.1080/00218839.2022.2088931
https://doi.org/10.1002/ecs2.2436
https://doi.org/10.1007/s13744-020-00762-1
http://www.cran.r-project.org/

Majeed et al.,

Paudel, A. and S. Tiwari (2022). Abundance and
Diversity of Soil Arthropods in Different
Habitats in Chitwan Nepal. J. Plant Prot. Soc.
7:1-10.
https://doi.org/10.3126/jpps.v7i01.47299

Pekas, A., A. Tena, A. Aguilar and F. Garcia-Mari

(2011). Spatio-temporal patterns and
interactions with honeydew-producing
Hemiptera of ants in a Mediterranean citrus
orchard. Agric. For. Entomol. 13:89-97.
https://doi.org/10.1111/j.1461-
9563.2010.00501.x

J., K. Pet6 and J. Nagy (2013). Pesticide

productivity and food security. A review. Agron.
Sust. Dev. 33:243-255.
https://doi.org/10.1007/s13593-012-0105-x
R.M., K. Castillioni, E.A.R. Welti, M. Kaspari
and L. Souza (2020). Abiotic factors and plant
biomass, not plant diversity, strongly shape
grassland arthropods under drought conditions.
Ecology 101(6):e03033.
https://doi.org/10.1002/ecy.3033

M.A., M. Irshad and M. Inyatullaha (2005).

Predatory ladybird beetles of Pakistan. National
Insect Museum, National Agricultural Research
Center / Pakistan Agricultural Research Center,
Roohani Art Press, Islamabad, Pakistan 1-98.
https://www.researchgate.net/publication/31212
9984 Predatory ladybird_beetles_of Pakistan

Ramzan, U., W. Majeed, N. Rana and S. Nargis (2021).
Occurrence of different insect species with
emphasis on their abundance and diversity in
different habitats of Faisalabad, Pakistan. Int. J.
Trop. Insect Sci. 41:1237-1244.
https://doi.org/10.1007/s42690-020-00314-5

Rasheed, M.T., I. Bodlah, A.G. Fareen, A.A. Wachkoo,
X. Huang and S.A. Akbar (2019). A checklist of
ants (hymenoptera: Formicidae) in Pakistan.

Popp,

Prather,

Rafi,

Sociobiology 66:426-439.
https://doi.org/10.13102/sociobiology.v66i3.433
0

Samnegard, U., G. Alins, V. Boreux, J. Bosch, D. Garcia,
A. Happe, A. Klein, M. Mifiarro, K. Mody and
M. Porcel (2019). Management trade-offs on
ecosystem services in apple orchards across
Europe: Direct and indirect effects of organic
production. J. Appl. Ecol. 56:802-811.
https://doi.org/10.1111/1365-2664.13292

Sattler, C., A.T. Gianuca, O. Schweiger, M. Franzén and
J. Settele (2020). Pesticides and land cover
heterogeneity affect functional group and

taxonomic diversity of arthropods in rice
agroecosystems. Agricult. Ecosyst. Environ.
297:106927.

https://doi.org/10.1016/j.agee.2020.106927

859

J. Anim. Plant Sci., 36 (3) 2026

Sattler, T., P. Duelli, M.K. Obrist, R. Arlettaz and M.
Moretti (2010). Response of arthropod species
richness and functional groups to urban habitat
structure and management. Landscape Ecol.

25:941-954. https://doi.org/10.1007/s10980-
010-9473-2
Shannon, C.E (1948). A Mathematical Theory of

Communication. Bell Syst. Tech. J. 27:379-423.
https://doi.org/10.1002/j.1538-
7305.1948.th01338.x

Siddique, M.Il. and E. Garnevska (2018). Citrus Value
Chain(s): A Survey of Pakistan Citrus Industry.
Agricultural Value Chain. InTech.
https://doi.org/10.5772/intechopen.70161

Simpson, E.H. 1949. Measurement of diversity. Nature
163:688. https://doi.org/10.1038/163688a0

Steel, R.G.D. and J.H. Torrie (1997). Principles and
procedures of statistics, a biometrical approach.
1-652.

Tena, A., J. Garcia-Bellon and A. Urbaneja (2017).
Native and naturalized mealybug parasitoids fail
to control the new citrus mealybug pest
Delottococcus aberiae. J. Pest Sci. 90:659-667.
https://doi.org/10.1007/s10340-016-0819-7

Tena, A., A. Pekas, D. Cano, F.L. Wdckers and A.

Urbaneja (2015). Sugar provisioning maximizes

the biocontrol service of parasitoids. J. Appl.

Ecol. 52:795-804. https://doi.org/10.1111/1365-

2664.12426

M.D., K.L. Barnett, S.L. Facey, U.N. Nielsen,

S.A. Power and S.N. Johnson (2016). Altered

Precipitation Impacts on Above- and Below-

Ground Grassland Invertebrates:  Summer

Drought Leads to Outbreaks in Spring. Front.

Plant Sci. 7:1468.

https://doi.org/10.3389/fpls.2016.01468

Sciarretta A. and P. Trematerra (2014). Geostatistical
tools for the study of insect spatial distribution:

Torode,

practical implications in the integrated
management of orchard and vineyard pests.
Plant Prot. Soc. 50:97-110.

https://doi.org/10.17221/40/2013-PPS

Triplehorn, C.A., N.F. Johnson and D.J. Borror (2005).
Borror and DeLong’s introduction to the study
of insects.

Wale, M. and S. Yesuf (2022). Abundance and diversity
of soil arthropods in disturbed and undisturbed
ecosystem in Western Amhara, Ethiopia. Int. J.
Trop. Insect Sci. 42:767-781.
https://doi.org/10.1007/s42690-021-00600-w

Wardhaugh, C.W (2014). The spatial and temporal
distributions of arthropods in forest canopies:
uniting disparate patterns with hypotheses for
specialisation.  Biol. Rev. 89:1021-1041.
https://doi.org/10.1111/brv.12094


https://doi.org/10.3126/jpps.v7i01.47299
https://doi.org/10.1111/j.1461-9563.2010.00501.x
https://doi.org/10.1111/j.1461-9563.2010.00501.x
https://doi.org/10.1007/s13593-012-0105-x
https://doi.org/10.1002/ecy.3033
https://www.researchgate.net/publication/312129984_Predatory_ladybird_beetles_of_Pakistan
https://www.researchgate.net/publication/312129984_Predatory_ladybird_beetles_of_Pakistan
https://doi.org/10.1007/s42690-020-00314-5
https://doi.org/10.13102/sociobiology.v66i3.4330
https://doi.org/10.13102/sociobiology.v66i3.4330
https://doi.org/10.1111/1365-2664.13292
https://doi.org/10.1016/j.agee.2020.106927
https://doi.org/10.1007/s10980-010-9473-2
https://doi.org/10.1007/s10980-010-9473-2
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.5772/intechopen.70161
https://doi.org/10.1038/163688a0
https://doi.org/10.1007/s10340-016-0819-7
https://doi.org/10.1111/1365-2664.12426
https://doi.org/10.1111/1365-2664.12426
https://doi.org/10.3389/fpls.2016.01468
https://doi.org/10.17221/40/2013-PPS
https://doi.org/10.1007/s42690-021-00600-w
https://doi.org/10.1111/brv.12094

Majeed et al.,

Williams, J.J. and T. Newbold (2020). Local climatic

changes affect biodiversity responses to land

use: A review. Divers. Distrib. 26: 76-92.
https://doi.org/10.1111/ddi.12999

Wood, S.A,, D.S. Karp, F. DeClerck, C. Kremen,

S. Naeem and C.A. Palm (2015).
Functional traits in agriculture:
agrobiodiversity and ecosystem services.
Trend. Ecol. Evol. 30:531-539.
https://doi.org/10.1016/j.tree.2015.0

6.013

Zuo, J., J.H.C. Cornelissen, M.M. Hefting, U. Sass-

Klaassen, R.S.P. van Logtestijn, J. van
Hal, L. Goudzwaard, J.C. Liu and M.P.

860

J. Anim. Plant Sci., 36 (3) 2026

Berg (2016). The (w)hole story:
Facilitation of dead wood fauna by bark
beetles? Soil Biol. Biochem. 95:70-77.
https://doi.org/10.1016/j.soilbio.2015

.12.015

Zuur, AK., E.N. leno and G.M. Smith (2007).

Principal coordinate analysis and non-
metric multidimensional scaling.
Analysing Ecological Data. Springer New
York, New York, NY. pp.259-264.
https://link.springer.com/book/10.10

07/978-0-387-45972-1.


https://doi.org/10.1111/ddi.12999
https://doi.org/10.1016/j.tree.2015.06.013
https://doi.org/10.1016/j.tree.2015.06.013
https://doi.org/10.1016/j.soilbio.2015.12.015
https://doi.org/10.1016/j.soilbio.2015.12.015
https://link.springer.com/book/10.1007/978-0-387-45972-1
https://link.springer.com/book/10.1007/978-0-387-45972-1

