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ABSTRACT

Soil is one of the interfaces through which essential ecological processes take place. Therefore, this study 
was narrowed to determine the seasonal arthropod taxonomic composition in soils from some locations in 
Maiduguri, Borno State, Nigeria between January and December 2015. Samples were collected from four 
selected dumpsites in the following locations: Wulari, Abaganaram, Bulunmkutu and Bolori using a stratified 
random sampling design. Arthropods were extracted from the soil and identified using standard identification 
keys. A total of 748 arthropods were extracted and identified. The order Acarina were significantly (P = 
0.02885) most abundant during the wet season (25.7%) and dry season (22.1%) respectively. There was no 
significant difference (P = 0.3899) in the abundance of arthropods along gradient during the dry season. In 
this study, there was no significant difference (Wet Season: P = 0.05458; Dry Season: P = 0.5351) in QBS index 
of arthropods in both wet and dry season respectively. The findings presented in this study are anticipated to 
aid in establishing foundational data on the arthropod fauna within the Maiduguri metropolis. Crucially, this 
data will serve as a valuable tool for monitoring potential shifts in both the abundance and diversity of soil-
dwelling arthropods in Maiduguri metropolis.
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Introduction
Soil serves as a crucial interface facilitating essential ecological 

processes. It serves as the foundation for the root systems of terres-
trial plants, providing them with vital nutrients [1]. Additionally, soil 
plays a pivotal role in various ecosystem functions, serving as an in-
dispensable element in the biosphere. It regulates plant productiv-
ity, facilitates the degradation of organic matter, and contributes to 
nutrient cycles [2,3]. City and town soils offer a range of ecosystem 
services to urban dwellers. Nevertheless, urbanization impacts these 
soils and their ability to deliver ecosystem services directly due to hu-
man-induced disturbances [3,4]. Human activities such as industrial 
operations, construction, and various other practices are linked to 

diverse effects on the soil system. These effects encompass chemical 
pollution, such as contaminants like heavy metals, the transformation 
of native habitats into different land uses, and the fragmentation and 
loss of habitats [5]. An increasingly important field in applied ento-
mology and ecology involves employing arthropods as indicators of 
environmental quality [6-9]. Arthropods, especially in the context 
of soil environmental quality, have shown promise as bioindicators, 
with research indicating their presence even in highly disturbed soils 
[10]. These creatures are highly suitable for investigating the effects 
of human activities on the environment, making them valuable can-
didates for such studies [4]. Soil in urban areas is highly susceptible 
to human-induced disruptions, particularly from chemical pollutants 
such as heavy metals [11]. 
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These pollutants have the potential to harm the ecological sys-
tems that play a crucial role in providing essential services to cities, 
including air and water purification, as well as the preservation of 
biodiversity. Current conventional methods for environmental mon-
itoring are not only expensive and time-consuming but also indirect 
in their approach. Utilizing arthropods as bioindicators offers a prom-
ising alternative for a quicker, more cost-effective, and more direct 
assessment [12]. With this objective, the focus of this study was nar-
rowed to analyze the taxonomic composition of arthropods in soils at 
various locations in Maiduguri, Borno State, Nigeria.

Materials and Methods
Study Area

The study was conducted within the city of Maiduguri, Borno 
Sate, Nigeria.

Sample Collection: Samples were collected between January 
and December 2015. The collection of samples followed a stratified 
random sampling design at four dumpsites (Wulari, Abaganaram, Bu-
lunmkutu, and Bolori), in accordance with the methodology outlined 
by [13,14]. From each dumpsite, four samples were obtained along 
an elevated gradient of pollution points, specifically at distances of 0 
meters, 25 meters, 50 meters, and the final point (control site) posi-
tioned 100 meters away from each dumpsite. This resulted in a total 
of 16 samples per sampling season. Over the entire data collection 
period, a cumulative total of 32 samples were gathered. Sampling was 
stratified based on both season (dry and wet) and the distance from 
the pollution point source (waste dump) [14].

Extraction of Arthropods from the Soil: The arthropods were 
obtained from the soil samples by employing Tullgren’s funnel, a vari-
ant of the Berlese funnel extractor [15,16].

Identification of Extracted Specimens: Following the comple-
tion of all extractions, the preserved soil arthropods from each speci-
men bottle were sequentially emptied into a Petri dish, screened, and 
then identified using a high-resolution dissecting microscope. Utiliz-
ing entomological keys provided by Borror and Delong [17], Popov 
and Stojanova [18], and Kaur [19]. The identified arthropods were 
categorized into various Orders.

Data Analysis: Data was analyzed using R Console software ver-
sion 3.2.2. One way analysis of variance (ANOVA) was used to com-
pare the mean of relative morpho-types abundance of arthropods and 
soil biological quality (QBS) index in relation to gradients in dump-
site, seasons as well as across locations. The level of significance was 
set at P < 0.05. 

Results
Abundance of Soil Arthropod Groups at Dumpsite along Gradi-
ents

A sum of 748 arthropods were extracted and identified from the 
32 samples collected at different gradients throughout the entire 
duration of this study. These include arthropods belonging to order 
acarina, aranae, chilopoda, coleoptera, collembolla, diplura, diptera, 
hymenoptera, lepidoptera and thysanoptera. Those arthropod group 
that could not be identified at the course of the study were termed to 
as ‘others’. A significant difference (F12 = 4.262, Adjusted R2 = 0.3948, 
P = 0.02885, Figure 1a) was observed in the abundance of arthropods 
along gradients during the wet season. The highest abundance was 
observed in the acarina order (25.7%), followed by the hymenoptera 
order (11.7%). In contrast, the diplurans (3.6%) were the least en-
countered during the wet season (Table 1). The unidentified arthro-
pod group showed an abundance of 0.5%. 

Figure 1: Relative Arthropod Abundance along Gradients in Relation to Seasons.
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There was no significant difference (F12 = 1.092, Adjusted R2 = 
0.01809, P = 0.3899, Figure 1b) in the abundance of arthropods along 
gradients during the dry season. The acarina order (22.1%) exhib-
ited the highest arthropod abundance, followed by the collembola 
(17.0%), while the thysanoptera (3.4%) had the lowest abundance 
during the dry season (Table 2). The unidentified arthropod group 
displayed an abundance of 0.3%. Table 1 displays the proportion-
al distribution of soil arthropods across an elevated gradient near 
dumpsites in the wet season. A total of 393 arthropods were gathered 
from the examined dumpsites in the selected locations. 

There was no significant difference (Abaganaram: F = 0.216, df 
= 48, P = 0.885; Bolori: F = 0.989, df = 48, P = 0.406; Bulunmkutu: 
F = 0.558, df = 48, P = 0.645; Wulari: F = 1.114, df = 48, P = 0.353) 
in the abundance of soil arthropods observed at different gradients 
in dumpsites at the selected dumpsites during the wet season. Table 
2 show the relative abundance of soil arthropod occurring from an 
elevated gradient from dumpsites during the dry season. A total of 

three hundred and fifty-five (355) arthropods were collected from the 
dumpsites examined in the selected locations. There was no signifi-
cant difference (Abaganaram: F = 0.1000, df = 48, P = 0.959; Bolori: 
F = 1.372, df = 48, P = 0.263; Wulari: F = 2.072, df = 48, P = 0.116) in 
the abundance of soil arthropods observed at different gradients at 
the selected dumpsites during the dry season. However, there was a 
significant difference (F = 4.556, df = 48, P = 0.007) in the abundance 
of soil arthropods at varying gradients at Bulunmkutu dumpsite. Fur-
ther tests (Post Hoc Test) shows that the mean abundance at 50m was 
significantly higher than that of 0m and 100m but was not significant-
ly different from that of 25m. 

Arthropods Soil Biological Quality (QBS) Index

In this study, there was no significant difference (Wet Season: F12 = 
3.373, Adjusted R2 = -0.04928, P = 0.05458, Figure 2a; Dry Season: F12  
= 0.7652, Adjusted R2 = 0.3219, P = 0.5351, Figure 2b) in QBS index of 
arthropods in both wet and dry season, respectively.

Figure 2: QBS index of Arthropods along Gradients in relation to Seasons.

Discussion
Among the 748 arthropods surveyed, identified, and categorized 

in this investigation, those belonging to the acarina order emerged 
as the most prevalent. The decomposition of organic matter is sig-
nificantly enhanced by mites, millipedes, earthworms, and termites. 
Moreover, ants, termites, earthworms, and other soil macrofauna ac-
tively shape the soil environment by creating channels, pores, aggre-
gates, and mounds, thereby influencing the transportation of gases 
and water in the soil and modifying microhabitats for fellow soil or-
ganisms [20,21]. Consequently, the considerable variability observed 
in the abundance of soil arthropods in this study implies that acarina 

order arthropods exhibit tolerance to a broad spectrum of soil prop-
erties, rendering them less indicative of disparities in soil conditions 
[22,23]. This holds true for collembolas, hymenopteras, and coleop-
teras, which were equally abundant across various levels of the exam-
ined gradients. 

It is noteworthy that while arachnids (order Araneae) and centi-
pedes (Chilopoda) displayed a low population count, beetles (Cole-
opterans) and flies (Dipterans) exhibited high numbers. This inverse 
correlation might be attributed to competition for food and interac-
tions between these taxa, as certain dipterans and coleopterans are 
known to prey on arachnids and centipedes [24,25]. While the Aba-

https://dx.doi.org/10.26717/BJSTR.2023.54.008515
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ganaram dumpsite exhibited the highest abundance of soil arthropod 
groups and QBS values at 100m, a notable similarity in the diversity 
of soil arthropods was observed across all locations during the rainy 
season in this study. 

Therefore, the uniformity observed in the soil arthropod groups 
across dumpsites at varying distances from an elevated gradient in all 
study locations may be associated with consistent microclimatic con-
ditions prevailing during the rainy season. As suggested by Schröter 
et al. [26], Hågvar and Klanderud [27], Kardol et al. [28], Lindroth [29] 
and Menta and Remelli [30], microclimatic factors significantly influ-
ence the abundance of soil arthropods. Another contributing factor 
could be the effluent activity along the elevated gradient, evenly dis-
tributing a substantial amount of pollution along the gradients. Fur-
thermore, the heightened reproductive activity during the rainy sea-
son, leading to increased diversity in soil arthropods, might elucidate 
the lack of variation observed along the elevated gradient distance 
from the studied dumpsites [31]. Moreover, it is plausible that the soil 
arthropods encountered in this investigation have acclimated to the 
seasonal fluctuations in soil nutrient concentrations [32,33], heavy 
metal levels [34], and physicochemical parameters [35] observed 
across varying distances in dumpsites at the study locations. This 
finding is consistent with Kardol et al. [28] discovery of no discernible 
variation in the abundance of soil arthropods across their study sites. 
Nevertheless, it diverges from the observations of Zhang et al. [36], 
who noted a significant increase in the abundance of soil nematodes 
with greater distance in their study. In the dry season, the highest 
QBS was observed 50 meters away from the Bulunmkutu dump site. 
Notably, the Bulunmkutu dump site exhibited a significantly greater 
abundance of soil arthropods at an elevated gradient distance in com-
parison to all other locations studied. 

This correlation could potentially be attributed to the favorable 
microclimatic conditions of the soil specifically at the 50-meter mark 
from the Bulunmkutu dump site. Furthermore, the absence of heavy 
metal detection at this 50-meter distance from the Bulunmkutu dump 
site may contribute to the markedly higher abundance of soil arthro-
pods observed at that location. The presence of heavy metals, such as 
mercury, in soil can alter both the physical and biological characteris-
tics of the soil, as indicated by Tchounwou et al. [37] and González et 
al. [38].. Mercury is a known active ingredient in synthetic pesticides, 
which are acknowledged for their harmful effects on arthropods. 
This, in turn, can directly impact the composition and abundance of 
soil arthropods, as highlighted by Odumo et al. [39] and Buch et al. 
[40]. The consistent lack of diversity in the abundance of soil arthro-
pod groups observed across an elevated gradient in the remaining 
dumpsites during the dry season may be linked to a uniform distri-
bution of nutrients along the gradients. During this study, nutrients 
were evenly dispersed from 0m to 100m throughout the dry season. 
Consequently, it is reasonable to infer that this uniform distribution 
plays a role in the abundance of soil arthropods at these study sites. 

Furthermore, the absence of variation during the dry season at most 
dumpsites, except at Bulunmkutu, might be attributed to a period of 
non-reproduction and low activity. This factor could result in a dis-
parity leading to a distinction in morphotype composition among 
the recorded arthropod groups in this research. The lack of variation 
could also be ascribed to seasonal changes and the timing of sampling 
[41]. Additionally, it could be linked to similar occurrences of heavy 
metal concentrations resulting from effluent activities at the various 
dumpsites, likely established during the rainy season. These findings 
contradict the findings of Schröter et al. [26], Hågvar and Klander-
ud [27], Kardol et al. [28], Lindroth [29] and Menta and Remelli [30], 
who reported significant variations in QBS values across seasons. 

Throughout both seasons, there was consistent soil arthropod 
group abundance, showing no significant variation between rainy and 
dry seasons. However, on average, arthropods were more abundant 
during the wet season compared to the dry season, except at Bulun-
mkutu dump sites where soil arthropods were more abundant in the 
dry season. The higher abundance of soil arthropods during the rainy 
season is likely associated with increased soil moisture resulting from 
rainfall. van Straalen [43] suggested that continued rain enhances soil 
moisture, promoting the proliferation of soil arthropods due to nu-
trient availability. Furthermore, the rainy season provides favorable 
conditions such as abundant high-quality food resources, optimal 
temperature, soil moisture, and radiation, all of which contribute to 
the thriving of soil arthropods [44,45]. This finding aligns with the 
results of Wolters [46], Pizl et al. [47], and Santorufo et al. [48], who 
also reported no significant differences in their respective studies. 

Conclusion
This study revealed a relatively high population of soil arthropods 

(748) in dump sites and along its gradient away from point source. 
The order Acarina was the most abundant in both seasons all year 
round, wet season (25.7%) and dry season (22.1%). Arthropods 
abundance along gradient during the dry season lacked significant 
variation. Also, no difference was observed in QBS index of arthro-
pods in wet season as well dry season. The comprehensive investi-
gation of soil-dwelling arthropods in Maiduguri, Borno State, with 
regard to population abundance and diversity, is still pending to some 
extent. This study marked one of the initial endeavors to explore the 
variety and population of soil-dwelling arthropods in the Maiduguri 
metropolis. The data produced by this study would be valuable in es-
tablishing a preliminary baseline for soil-dwelling arthropod groups. 
For future research, it is crucial to perform year-round sampling and 
employ both morphological and molecular techniques to identify ar-
thropods at the species level.

Declarations
 All the authors declared no conflict for the publication of this ar-

ticle.

https://dx.doi.org/10.26717/BJSTR.2023.54.008515


Copyright@ :   Vongjen NP | Biomed J Sci & Tech Res |   BJSTR.MS.ID.008515. 45676

Volume 54- Issue 2 DOI: 10.26717/BJSTR.2023.54.008515

References
1. Rana A, David A, Thomas T, Swaroop N, Hasan A, et al. (2020) Assessment 

of Chemical Properties of Soil in Chaka Block Prayagraj District, India. In-
ternational Journal of Current Microbiology and Applied Sciences 9: 807-
815.

2. Pietramellara G, Ascher J, Ceccherin MT, Renella G (2002) Soil as a Biolog-
ical System. Annals of Microbiology 52: 119-131.

3. Tahat M, Alananbeh K, Othman Y, Leskovar D (2020) Soil Health and Sus-
tainable Agriculture. Sustainability 12(12).

4. McIntyre NE (2000) Ecology of Urban Arthropods: A Review and A Call to 
Action. Annals of the Entomological Society of America 93: 825-835.

5. Briffa J, Sinagra E, Blundell R (2020) Heavy metal pollution in the environ-
ment and their toxicological effects on humans. Heliyon 6.

6. Njila HL, Mwansat GS, Imandeh GN, Ombugadu A (2014) Soil arthropod 
biodiversity along the bank of River Benue in Adamawa State, North-east-
ern Nigeria. Nigerian Journal of Experimental and Applied Biology 15(1): 
1-8.

7. Njila HL, Hadi SM, Ombugadu A (2015) Survey of ground dwelling arthro-
pods associated with two habitat types in the Jos Museum Zoological Gar-
den, Jos Plateau State, North Central Nigeria. Ethiopian Journal of Environ-
mental Studies and Management 8(3): 1-6.

8. Ombugadu A, Mwansat GS, Chaskda AA, Njila HL (2017) Comparative in-
sect abundance and diversity in Amurum Forest Reserve and surrounding 
farmlands. Ethiopian Journal of Environmental Studies and Management 
10(9): 1200-1210.

9. Magni P, Harvey A Guareschi E (2023) Insects Associated with Ancient 
Human Remains: How Archaeoentomology Can Provide Additional Infor-
mation in Archaeological Studies. Heritage.

10. Gulvik ME (2007) Mites (Acari) as Indicators of Soil Biodiversity and Land 
Use Monitoring: A Review. Pol J Ecol 55: 415-440.

11. Novikov S, Medvedeva M Bakhmet O (2021) Environmental assessment 
of the state of urban soils in Petrozavodsk, Russia. IOP Conference Series: 
Earth and Environmental Science, pp. 862.

12. Sumudumali R, Jayawardana J (2021) A Review of Biological Monitoring of 
Aquatic Ecosystems Approaches: with Special Reference to Macroinverte-
brates and Pesticide Pollution. Environmental Management 67: 263 - 276.

13. Rusek J, Balik V, Hanel L, Frouz I (1999) Improved Methods for Comparing 
Abundance Data for Soil Zoological Field Studies. European Journal of Bi-
ology 35(3): 145-152.

14. Sam-Uroupa E, Ogbeibu A (2020) Effects of Solid Waste Disposal on the 
Receiving Soil Quality in Benin Metropolis, Nigeria. Journal of Applied Sci-
ences and Environmental Management 24: 393-401. 

15. Lasebikan BA (1974) Preliminary Communication on Microarthropods 
from a Tropical Rain Forest in Nigeria. Pedobiologia 14: 402-411.

16. Rotimi J, Agwu E, Boki M, Uwagbae M (2022) Impact of Age of Crude Oil 
Spillage on Arthropod Diversity at Varied Soil Depths in Part of Niger Del-
ta, Nigeria. Nigerian Journal of Life Sciences. 

17. Borror DJ, Delong DM (1987) An Introduction to the Study of Insects. Con-
stable and Company Ltd. London, pp. 562.

18. Popov TV, Stojanova D (1987) Structural Specificities of the Rye’s Microo-
zoocoenosis. Annuaire de L’ universite de Sofia; Bulgaria Faculte de Biol-
ogie 78(1): 75-80.

19. Kaur R (2020) Scope of Forensic Entomology. International Journal of 
Pure and Applied Zoology 8: 1-1.

20. Brussaard L, Behan-Pelletier VM, Bignell DE, Brown VK, Didden W, et al. 
(1997) Biodiversity and Ecosystem Functioning in Soil. Ambio 26: 563-
570.

21. Cosarinsky M (2021) A Review of Micromorphological Studies of Ant and 
Termite’s Epigean Nests Located in Neotropical Soils of Argentina. Journal 
of South American Earth Sciences 110: 103380. 

22. McIntyre NE, Rango J, Fagan WF, Faeth SH (2001) Ground Arthropod Com-
munity Structure in a Heterogeneous Urban Environment. Landscape and 
Urban Planning 52: 257-274.

23. Razzak M, Awwal M, Rahman K, Bashar K (2022) Diversity and Abundance 
of Soil Arthropods in Jahangirnagar University Campus, Dhaka, Bangla-
desh. International Journal of Fauna and Biological Studies.

24. Rusek J (1998) Biodiversity of Collembola and their Functional Role in the 
Ecosystem. Biodiversity and Conservation 7: 1207-1219.

25. Marchiori C (2023) A Systematic Review of the Families Chrysolampidae, 
Cleonymidae, Diparidae, Cerocephalidae, Chalcedectidae, Ceidae and Her-
bertiidae. Open Access Research Journal of Multidisciplinary Studies.

26. Schröter D, Brussaard L, De Deyn G, Poveda K, Brown VK, et al. (2004) 
Trophic Interactions in a changing World: Modeling Aboveground-Below-
ground Interactions. Basic and Applied Ecology 5: 515-528.

27. Hågvar S, Klanderud K (2009) Effect of Simulated Environmental Change 
on Alpine Soil Arthropods. Global Change Biology 15: 2972-2980.

28. Kardol P, Cregger MA, Campany CE, Classen AT (2010) Soil Ecosystem 
Functioning under Climate Change: Plant Species and Community Effects. 
Ecology 91: 767-781.

29. Lindroth RL (2010) Impacts of Elevated Atmospheric CO2 and O3 on For-
ests: Phytochemistry, Trophic Interactions, and Ecosystem Dynamics. J 
Chem Ecol 36: 2-21.

30. Menta C, Remelli S (2020) Soil Health and Arthropods: From Complex Sys-
tem to Worthwhile Investigation. Insects, p. 11.

31. Begum F, Bajracharya RM, Sharma S, Sitaula BK (2011) Assessment of Soil 
Quality Using Microarthropod Communities under Different Land System: 
A Case Study in the Mid-hills of Central Nepal. Journal of Life Sciences 5: 
66-73.

32. Lindberg N, Bengtsson J, Persson T (2002) Effects of Experimental Irri-
gation and Drought on the Composition and Diversity of Soil Fauna in a 
Coniferous Stand. Journal of Applied Ecology 39: 924-936.

33. Roos R, Birkemoe T, Asplund J, Ľuptáčik P, Raschmanová N, et al. (2020) 
Replication Data for: Legacy Effects of Experimental Environmental 
Change on Soil Micro-Arthropod Communities. Norwegian University of 
Life Sciences (NMBU).

34. Badejo MA, Akinwole PO (2006) Microenvironmental Preferences of Ori-
batid Mite Species on the Floor of a Tropical Rainforest. Exp Appl Acarol 
40: 145-156.

35. Classen AT, DeMarco J, Hart SC, Whitham TG, Cobb NS, et al. (2006) Im-
pacts of Herbivorous Insects on Decomposer Communities During the 
Early Stages of Primary Succession in a Semi-Arid Woodland. Soil Biology 
& Biochemistry 38: 972-982.

36. Zhang WD, Wang XF, Li Q, Jiang Y, Liang WJ, et al. (2007) Soil Nematodes 
Response to Heavy Metal. Helminthologia 44(2): 87-91.

37. Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ (2012) Heavy Metal Tox-

https://dx.doi.org/10.26717/BJSTR.2023.54.008515
https://www.ijcmas.com/abstractview.php?ID=19580&vol=9-10-2020&SNo=97
https://www.ijcmas.com/abstractview.php?ID=19580&vol=9-10-2020&SNo=97
https://www.ijcmas.com/abstractview.php?ID=19580&vol=9-10-2020&SNo=97
https://www.ijcmas.com/abstractview.php?ID=19580&vol=9-10-2020&SNo=97
https://www.mdpi.com/2071-1050/12/12/4859
https://www.mdpi.com/2071-1050/12/12/4859
https://academic.oup.com/aesa/article-abstract/93/4/825/22659?redirectedFrom=fulltext
https://academic.oup.com/aesa/article-abstract/93/4/825/22659?redirectedFrom=fulltext
https://www.cell.com/heliyon/fulltext/S2405-8440(20)31534-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com
https://www.cell.com/heliyon/fulltext/S2405-8440(20)31534-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com
https://www.ajol.info/index.php/ejesm/article/view/115732
https://www.ajol.info/index.php/ejesm/article/view/115732
https://www.ajol.info/index.php/ejesm/article/view/115732
https://www.ajol.info/index.php/ejesm/article/view/115732
https://ejesm.org/2017/11/23/comparative-insect-abundance-and-diversity-in-amurum-forest-reserve-and-surrounding-farmlands-jos-nigeria/
https://ejesm.org/2017/11/23/comparative-insect-abundance-and-diversity-in-amurum-forest-reserve-and-surrounding-farmlands-jos-nigeria/
https://ejesm.org/2017/11/23/comparative-insect-abundance-and-diversity-in-amurum-forest-reserve-and-surrounding-farmlands-jos-nigeria/
https://ejesm.org/2017/11/23/comparative-insect-abundance-and-diversity-in-amurum-forest-reserve-and-surrounding-farmlands-jos-nigeria/
https://www.mdpi.com/2571-9408/6/1/23
https://www.mdpi.com/2571-9408/6/1/23
https://www.mdpi.com/2571-9408/6/1/23
https://www.infona.pl/resource/bwmeta1.element.baztech-article-BGPK-1801-6827
https://www.infona.pl/resource/bwmeta1.element.baztech-article-BGPK-1801-6827
https://iopscience.iop.org/article/10.1088/1755-1315/862/1/012105
https://iopscience.iop.org/article/10.1088/1755-1315/862/1/012105
https://iopscience.iop.org/article/10.1088/1755-1315/862/1/012105
https://link.springer.com/article/10.1007/s00267-020-01423-0
https://link.springer.com/article/10.1007/s00267-020-01423-0
https://link.springer.com/article/10.1007/s00267-020-01423-0
https://www.sciencedirect.com/science/article/abs/pii/S1164556300001151
https://www.sciencedirect.com/science/article/abs/pii/S1164556300001151
https://www.sciencedirect.com/science/article/abs/pii/S1164556300001151
https://www.ajol.info/index.php/jasem/article/view/194872
https://www.ajol.info/index.php/jasem/article/view/194872
https://www.ajol.info/index.php/jasem/article/view/194872
https://www.jstor.org/stable/4314670
https://www.jstor.org/stable/4314670
https://www.jstor.org/stable/4314670
https://www.sciencedirect.com/science/article/abs/pii/S0895981121002273?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0895981121002273?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0895981121002273?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0169204600001225
https://www.sciencedirect.com/science/article/abs/pii/S0169204600001225
https://www.sciencedirect.com/science/article/abs/pii/S0169204600001225
https://www.faunajournal.com/archives/2022.v9.i6.A.936/diversity-and-abundance-of-soil-arthropods-in-jahangirnagar-university-campus-dhaka-bangladesh
https://www.faunajournal.com/archives/2022.v9.i6.A.936/diversity-and-abundance-of-soil-arthropods-in-jahangirnagar-university-campus-dhaka-bangladesh
https://www.faunajournal.com/archives/2022.v9.i6.A.936/diversity-and-abundance-of-soil-arthropods-in-jahangirnagar-university-campus-dhaka-bangladesh
https://link.springer.com/article/
https://link.springer.com/article/
https://oarjpublication.com/journals/oarjms/content/systematic-review-families-chrysolampidae-cleonymidae-diparidae-cerocephalidae
https://oarjpublication.com/journals/oarjms/content/systematic-review-families-chrysolampidae-cleonymidae-diparidae-cerocephalidae
https://oarjpublication.com/journals/oarjms/content/systematic-review-families-chrysolampidae-cleonymidae-diparidae-cerocephalidae
https://www.sciencedirect.com/science/article/abs/pii/S1439179104000611
https://www.sciencedirect.com/science/article/abs/pii/S1439179104000611
https://www.sciencedirect.com/science/article/abs/pii/S1439179104000611
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2486.2009.01926.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2486.2009.01926.x
https://pubmed.ncbi.nlm.nih.gov/20426335/
https://pubmed.ncbi.nlm.nih.gov/20426335/
https://pubmed.ncbi.nlm.nih.gov/20426335/
https://pubmed.ncbi.nlm.nih.gov
https://pubmed.ncbi.nlm.nih.gov
https://pubmed.ncbi.nlm.nih.gov
https://www.mdpi.com/2075-4450/11/1/54
https://www.mdpi.com/2075-4450/11/1/54
https://besjournals.onlinelibrary.wiley.com/doi/10.1046/j.1365-2664.2002.00769.x
https://besjournals.onlinelibrary.wiley.com/doi/10.1046/j.1365-2664.2002.00769.x
https://besjournals.onlinelibrary.wiley.com/doi/10.1046/j.1365-2664.2002.00769.x
https://esajournals.onlinelibrary.wiley.com/doi/pdf/10.1002/ecs2.3030
https://esajournals.onlinelibrary.wiley.com/doi/pdf/10.1002/ecs2.3030
https://esajournals.onlinelibrary.wiley.com/doi/pdf/10.1002/ecs2.3030
https://esajournals.onlinelibrary.wiley.com/doi/pdf/10.1002/ecs2.3030
https://pubmed.ncbi.nlm.nih.gov/17103084/
https://pubmed.ncbi.nlm.nih.gov/17103084/
https://pubmed.ncbi.nlm.nih.gov/17103084/
https://www.sciencedirect.com/science/article/abs/pii/S0038071705003093
https://www.sciencedirect.com/science/article/abs/pii/S0038071705003093
https://www.sciencedirect.com/science/article/abs/pii/S0038071705003093
https://www.sciencedirect.com/science/article/abs/pii/S0038071705003093


Copyright@ :   Vongjen NP | Biomed J Sci & Tech Res |   BJSTR.MS.ID.008515.

Volume 54- Issue 2 DOI: 10.26717/BJSTR.2023.54.008515

45677

icity and the Environment. Molecular, Clinical and Environmental Toxicol-
ogy, In: Luch A (Edt.)., Springer, Basel, Switzerland 3: 133-164.

38. González D, Robas M, Fernández V, Bárcena M, Probanza A, et al. (2022) 
Comparative Metagenomic Study of Rhizospheric and Bulk Mercury-Con-
taminated Soils in the Mining District of Almadén. Frontiers in Microbiol-
ogy, p. 13.

39. Odumo BO, Carbonell G, Angeyo HK, Patel JP, Torrijos M, et al. (2014) Im-
pact of Gold Mining Associated with Mercury Contamination in Soil, Biota 
Sediments and Tailings in Kenya. Environ Sci Pollut Res 21: 12426-12435.

40. Buch AC, Niemeyer JC, Correia MEF, Silva-Filho EV (2016) Ecotoxicity of 
Mercury to Folsomia candida and Proisotoma minuta (Collembola: Isoto-
midae) in Tropical Soils: Baseline for Ecological Risk Assessment. Ecotox-
icol Environ Safety 127: 22-29.

41. Tabaglio V, Gavazzi C, Menta C (2009) Physico-Chemical Indicators and Mi-
croarthropod Communities as Influenced by No-Till, Conventional Tillage 
and Nitrogen Fertilisation after Four Years of Continuous Maize. Soil and 
Tillage Research 105(1): 135-142.

42. Begum F, Bajracharya RM, Situala BK, Sharma S, Ali S, Ali H (2014) Sea-
sonal Dynamics and Land Use Effect on Soil Microarthropod Communities 
in Mid-Hills of Nepal. International Journal of Agronomy and Agricultural 
Research (IJAAR) 5(2): 111-123.

43. van Straalen NM (1994) Adaptive Significance of Temperature Responses 
in Collembola. Acta Zool Fennica 195: 135-142.

44. Yi H, Moldenke A (2005) Response of Ground-Dwelling Arthropods to Dif-
ferent Thinning Intensities in Young Douglas Fir Forests of Western Ore-
gon. Environmental Entomology 34: 1071-1080.

45. Liu R, Zhu F, Song N, Yang X, Chai Y, et al. (2013) Seasonal Distribution and 
Diversity of Ground Arthropods in Microhabitats Following a Shrub Plan-
tation Age Sequence in Decertified Steppe. PloS One 8: e77962.

46. Wolters V (2000) Invertebrate Control of Soil Organic Matter Stability. Bi-
ology and Fertility of Soils 31: 1-19.

47. Pizl V, Schlaghamerský J, Tríska J (2009) The Effects of Polycyclic Aromatic 
Hydrocarbons and Heavy Metals on Terrestrial Annelids in Urban Soils. 
Pesquisa Agropecuaria Brasileira 44: 1050-1055.

48. Santorufo S, Van-Gestel CAM, Rocco A, Maisto G (2012) Soil Invertebrates 
as Bioindicators of Urban Soil Quality. Environmental Pollution 161: 57-
63.

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2023.54.008515

Vongjen NP. Biomed J Sci & Tech Res 

https://dx.doi.org/10.26717/BJSTR.2023.54.008515
https://www.frontiersin.org/articles/10.3389/fmicb.2022.797444/full
https://www.frontiersin.org/articles/10.3389/fmicb.2022.797444/full
https://www.frontiersin.org/articles/10.3389/fmicb.2022.797444/full
https://www.frontiersin.org/articles/10.3389/fmicb.2022.797444/full
https://pubmed.ncbi.nlm.nih.gov/
https://pubmed.ncbi.nlm.nih.gov/
https://pubmed.ncbi.nlm.nih.gov/
https://www.sciencedirect.com/science/article/abs/pii/S0147651316300094
https://www.sciencedirect.com/science/article/abs/pii/S0147651316300094
https://www.sciencedirect.com/science/article/abs/pii/S0147651316300094
https://www.sciencedirect.com/science/article/abs/pii/S0147651316300094
https://www.sciencedirect.com/science/article/abs/pii/S0167198709001342
https://www.sciencedirect.com/science/article/abs/pii/S0167198709001342
https://www.sciencedirect.com/science/article/abs/pii/S0167198709001342
https://www.sciencedirect.com/science/article/abs/pii/S0167198709001342
https://academic.oup.com/ee/article-abstract/34/5/1071/426248
https://academic.oup.com/ee/article-abstract/34/5/1071/426248
https://academic.oup.com/ee/article-abstract/34/5/1071/426248
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0077962
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0077962
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0077962
https://link.springer.com/article/10.1007/s003740050618
https://link.springer.com/article/10.1007/s003740050618
https://www.scielo.br/j/pab/a/kQCvnW7HgGFYFQX4Mgg5R5d/?lang=en&format=pdf
https://www.scielo.br/j/pab/a/kQCvnW7HgGFYFQX4Mgg5R5d/?lang=en&format=pdf
https://www.scielo.br/j/pab/a/kQCvnW7HgGFYFQX4Mgg5R5d/?lang=en&format=pdf
https://www.sciencedirect.com/science/article/abs/pii/S0269749111005719
https://www.sciencedirect.com/science/article/abs/pii/S0269749111005719
https://www.sciencedirect.com/science/article/abs/pii/S0269749111005719
https://dx.doi.org/10.26717/BJSTR.2023.54.008515

