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Abstract Microplastic pollution has emerged as a 

pervasive environmental threat, yet its effects on terrestrial 
urban avifauna remain underexplored. This study investigates 
the extent and implications of microplastic contamination in 
two synanthropic bird species: the Rock Pigeon (Columba livia) 
and the House Crow (Corvus splendens), both of which inhabit 
highly polluted urban environments. Through a comparative 
analysis involving the examination of ingested microplastics, 
health markers, and behavioral changes, the research 
evaluates species-specific vulnerabilities and adaptive 
responses to microplastic exposure. Findings reveal 
significant differences in ingestion patterns, with behavioral 
and physiological impacts evident in both species. The study 
highlights the role of urban birds as bioindicators of 
environmental health and underscores the urgent need for 
targeted conservation strategies and improved urban waste 
management. This work contributes to filling the knowledge 
gap in terrestrial microplastic ecology and advocates for 
integrative urban biodiversity protection measures. 
Keywords: Microplastic pollution, Urban birds, Avian health, 
Environmental contamination, Bioindicators, Plastic ingestion, 
Behavioral impact, FTIR 

 

 

Introduction 

Microplastic contamination has grown to be a 

significant and growing environmental problem, 
particularly in urban areas where human activity is 
constant and high. These microscopic plastic 
particles enter ecosystems through a number of 
routes, such as the air, water, and food sources. 
They are frequently derived from synthetic apparel, 
packaging, and personal care items, as well as from 
degraded bigger plastics. Concerns have been 
raised over the effects of this ubiquitous toxin on both 
individual health and larger ecological systems when 
animals are exposed to it more frequently. Although 

the problem in marine environments is well known, 
very little attention has been paid to terrestrial urban 
habitats, leaving a substantial information vacuum 
about the effects of microplastics on animals in 
urban environments. 

The current study fills this gap by concentrating on 
the Rock Pigeon (Columba livia) and the House 
Crow (Corvus splendens) are two common urban 
bird species. These birds are especially vulnerable 
to ingesting microplastics directly or indirectly 
through tainted food sources, and they are 
frequently found in heavily populated areas. The 
study's objectives are to determine the amount of 
microplastic that these birds are ingesting, detect 

Article Info 

Academic Editor: Saba Malik  

Received: 25, July, 2025 

Accepted: 26, August, 2025 

Published: 3 September, 2025 

Citation:  Iqbal S, Rana N, Riasat M, 

Younas R, Bashir NH, Naeem M, Chen 

H. Microplastic pollution in urban birds: A 

comparative study of Rock (Columba 

livia) and Corvus splendens. Pak J Zool 

Sci. 2025;1(2):1–9. 

Copyright: © 2025 by the authors. This 
article is submitted for possible open 
access publication under the terms and 
conditions of the Creative Commons 
Attribution (CC BY) license. 
© 2025 IJSMART Publishing Company. 
All rights reserved. 

https://journals.ijsmartpublishing.com/index.php/PJZS/
http://ijsmartpublishing.com/
mailto:chhuanhuan@163.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Pak. J. Zool. Sci. 2025 2 of 9 
 

 

 

Pak. J. Zool. Sci. 2025, 1(1), 1–8 | ISSN: 3105-5222 (Online) https://doi.org/10.57074/pjzs.v1i2.006 

any potential health implications, and look into the 
broader ecological effects of such contamination. In 
order to give a comprehensive picture of the effects 
of microplastic on these birds, the study will 
examine stomach contents, behavioral alterations, 
and physical health markers. 

Compared to the risks of plastic consumption for 
aquatic animals like fish and seabirds, the 
consequences of microplastics on urban bird species 
have received less attention. Given the unique 
environmental constraints that urban birds face 
such as high pollution levels, frequent human 
disturbances, and limited access to clean food and 
water this neglect is noteworthy. By examining the 
various impacts of microplastic pollution on birds 
that have adapted to live in urban environments, we 
can get a deeper comprehension of the adaptation 
and resilience of urban wildlife. Furthermore, these 
birds may be significant bioindicators of 
environmental health in urban environments due to 
their frequent proximity to people. 

This study is important for non-scientific reasons. By 
drawing attention to the risks that microplastic 
exposure poses to well-known and conspicuous 
urban species, the results might make people more 
conscious of how plastic waste affects the 
environment. It may also aid in directing 
governmental decisions and urban planning 
methods to reduce the negative impacts that plastic 
pollution has on animals. Conservation efforts can be 
more effectively tailored with a better understanding 
of how pollutants affect local fauna, especially 
species that are vital to city ecosystems. As a result, 
the study helps guide community and governmental 
initiatives in addition to advancing academic 
understanding of urban ecology. 

In conclusion, the information gap regarding 

microplastic pollution in urban terrestrial ecosystems 
is being filled in large part by this effort. By focusing 
on two species that are typical of urban life, the 
House Crow and the Rock Pigeon, the study will 
provide significant insights into the extent of 
microplastic pollution, its physiological and ecological 
repercussions, and the broader implications for 
urban biodiversity. In contrast to the vast bulk of the 
current corpus of work on the subject, which is 
predominantly aquatic in character, the study offers 
a novel perspective on urban bird ecology by 
employing this targeted methodology. 

Materials and Methods  

Study Area and Species Selection 

This study focused on two urban-adapted bird 
species, the Rock Pigeon (Columba livia) and the 

House Crow (Corvus splendens), selected for their 
synanthropic nature and potential as bioindicators of 
urban environmental pollution. Specimens were 
collected from diverse high-human-activity sites in 
metropolitan areas, including landfills, parks, markets, 
and roadsides. 

Sample Collection and Ethical 
Considerations 

Birds were obtained ethically, either as roadkill or 
through collaboration with wildlife rescue 
organizations. A minimum of 30 specimens per 
species were targeted. Trapping, handling, and 
euthanasia followed institutional animal care and 
national wildlife guidelines. Fecal samples were also 
collected non-invasively from urban feeding and 
roosting sites. 

Dissection and Microplastic Isolation 

Following necropsy, the gastrointestinal tracts were 

extracted, and their contents processed using a 
density separation method with saturated NaCl 
solution to isolate microplastics. Stereomicroscopy 
was used to classify particles by morphology (fibers, 
fragments, films, and beads), while FTIR 
spectroscopy confirmed polymer types (e.g., PE, PP, 
PS). Tissue samples (e.g., liver) were also preserved 
for potential toxicological analysis. 

Data Recording and Variables 

Each bird was cataloged by species, age class, sex (if 
discernible), physical condition (weight, fat score, 
plumage), and location. Microplastic data included 
count, size, shape, color, and polymer type.  

Laboratory Controls 

All procedures were performed in contamination-
controlled environments using non-synthetic tools, 
glassware, and filtered solutions. Procedural blanks 
were used to monitor potential contamination. 

Statistical Analysis 

Descriptive statistics characterized microplastic 
prevalence and burden. Group comparisons were 
made using t-tests or Mann-Whitney U tests, while 
multiple regression and correlation analyses 
evaluated associations between microplastic load and 
biological or ecological variables. Analyses were 
conducted using R and SPSS, and GIS tools were 
employed to assess spatial distribution relative to 
urban features. 
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Results and Discussion 

Species-Specific Microplastic Contamination 

This study compares microplastic ingestion between 
Columba livia (pigeons) and Corvus splendens (house 
crows) in urban environments. Pigeons showed 
consistently higher microplastic loads (mean = 6.4 
particles) than crows (mean = 3.8 particles), likely due 
to species-specific foraging strategies and habitat 
preferences. Notably, pigeons predominantly 
consumed pellets and polypropylene, while crows 
ingested a more diverse array of microplastic types 
and polymers, including films, fibers, and red-colored 
fragments. 

Type and Polymer Composition of Microplastics 

Pigeons primarily ingested pellets (40%), while crows 
were most associated with films (50%), indicating 
different exposure routes. Polypropylene was the 
dominant polymer in pigeons, whereas polyethylene 
and polystyrene were more common in crows. 

Table 1. Dominant Microplastic Types 

 
Species Pellet Bead Fragment Film Fiber Foam 

Columba  
livia 

4 3 3 - - - 

Corvus  
splendens 

_ 1 1 5 2 1 

 
Table 2. Polymer Composition 

 

Polymer Columba 
livia  

Corvus splendens 

Polypropylene 4 2 

Polyethylene - 3 

Polystyrene 2 2 

Polypropylene 4 2 

Polyethylene - 3 

Polystyrene 2 2 

Acrylic 3 1 

Nylon 1 1 

PVC - 1 

Color and Source Variability 

Microplastic color data supports varied sources of 
ingestion. White (30%) and transparent particles 
were most common in pigeons, while red was 
predominant in crows, possibly due to ingestion of 
visually distinct litter. 

Table 3. Dominant Microplastic Color 

Color Columba 
livia 

Corvus splendens 

White 3 1 

Red - 4 

Transpare
nt 

2 1 

Blue 2 - 

Green 1 2 

Black 2 2 

 

Habitat, Body Weight, and 
Microplastic Load 
Location and weight showed minimal effect on 
contamination levels. Birds collected from urban 
centers had higher microplastic counts, though the 
correlation between body weight and microplastic load 
was weakly negative (r = -0.18). 

Table 4. Correlation Matrix 

Variable Microplastic 
Count 

Weight(g) 

Microplastic 
Count 

1.00 -0.18 

Weight(g) -0.18 1.00 

 

Graphical Interpretation Summary 
Line Graph: Detected sharp peaks at samples 3 and 
6 for both species, indicating local pollution hotspots. 

 
Figure 1. Detected Peaks in Microplastic Presence 
in Pigeons and Crows 
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Violin Plot: Showed higher median and tighter 
distribution of microplastics in pigeons. 

 
Figure 2. The Violin Plot of " Density of Microplastic 
by species. 
 
Scatter Plot: Suggested no strong relationship 
between bird weight and microplastic ingestion. 
 

 
 
Figure 3. Shows (MicroplasticsCount) Two-axis 
Scatter Plot or Graph 
 

Bar Graph: Confirmed higher microplastic loads in 
pigeons compared to crows. 

 
Figure 4. The Bar Graph (Microplastic Distribution by 
Species) 

Implications 

These results demonstrate: 
Species-specific vulnerability: Pigeons, due to their 
ground-foraging behavior and diet, are more exposed 
to microplastic. 
Urban bioindicator potential: Both species, 
especially pigeons, serve as effective indicators of 
microplastic pollution in cities. 
Need for targeted environmental policies: 
Identifying high-risk urban zones can guide waste 
management and bird conservation strategies. 

The ingestion of microplastics by Columba livia and 

Corvus splendens reflects localized pollution patterns 
and species-specific ecology. Pigeons’ higher and 
more consistent plastic load makes them a robust 
bioindicator. While crows show broader variance in 
microplastic types and locations, both species 
highlight the pervasive nature of urban plastic 
contamination. 

Conclusions 

This study highlights significant species-specific 
differences in microplastic ingestion between two 
urban bird species, Columba livia (pigeon) and  
Corvus splendens (house crow). Pigeons consistently 
exhibited higher and more uniform microplastic loads, 
reflecting their ground-foraging behavior and 
proximity to human activity, positioning them as 
reliable bioindicators of urban plastic pollution. In 
contrast, crows showed greater variability in 
contamination, likely due to their broader dietary 
range and access to less polluted foraging sites. 
Although the correlation between body weight and 
microplastic burden was weakly negative, the trend 
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suggests potential sublethal health impacts 
warranting further investigation. The diversity of 
polymer types, colors, and microplastic forms 
underscores the complexity of urban plastic sources 
and emphasizes the need for localized pollution 
assessments. 

These findings affirm the ecological value of urban 
birds in environmental monitoring and stress the 
urgency for enhanced waste management strategies 
in urban ecosystems. Future research should expand 
spatial sampling, assess particle characteristics, and 
incorporate physiological metrics to deepen 
understanding of microplastic impacts on avian health 
and broader ecological risks. 

Author Contributions 

Qi Xue: Writing – original draft, Visualization, 
Methodology, Investigation, Formal analysis, Data 
curation, Conceptualization. Qian Tang: Writing – 
review & editing, Visualization, Formal analysis, 
Conceptualization. Lin Deng: Writing – review & 
editing, Validation, Supervision, Resources, Project 
administration, Funding acquisition. Wei Luo: Writing 
– review & editing, Conceptualization. Mingle 
Xia: Writing – review & editing, 
Conceptualization. Shuang Fu: Writing – review & 
editing, Conceptualization. Chaoqun Tan: Writing – 
review & editing, Conceptualization. Jun Hu: Writing – 
review & editing, Conceptualization. Rajendra Prasad 
Singh: Writing – review & editing. 

Conflicts of Interest 

The author(s) declare(s) that there is no conflict of 
interest regarding the publication of this paper. 

Acknowledgment 

This work is part of a research project, FRGS19-090-
0699, supported by the Ministry of Higher Education, 
Malaysia, and the International Islamic University 
Malaysia. 

Appendix A. Supplementary 
data 

Attach a separate doc file 

Data Availability 

Data will be made available on request 

References 

[1] Akindele, E. O., Ehlers, S. M., & Koop, J. H. (2020). 
Freshwater insects of different feeding guilds ingest 
microplastics in two Gulf of Guinea tributaries in 
Nigeria. Environmental Science and Pollution 
Research, 27, 33373-33379. 

[2] Al-Jaibachi, R., Cuthbert, R. N., & Callaghan, A. 
(2018). Up and away: ontogenic transference as a 
pathway for aerial dispersal of microplastics. Biology 
Letters, 14(9), 20180479. 

[3] Andrady, A. L. (2011). Microplastics in the marine 
environment. Marine pollution bulletin, 62(8), 1596-
1605. 

[4] Arp, H. P. H., Møskeland, T., Andersson, P. L., & 
Nyholm, J. R. (2011). Presence and partitioning 
properties of the flame retardants 
pentabromotoluene, pentabromoethylbenzene and 
hexabromobenzene near suspected source zones in 
Norway. Journal of Environmental Monitoring, 13(3), 
505-513. 

[5] Azevedo-Santos, V. M., Brito, M. F., Manoel, P. S., 
Perroca, J. F., Rodrigues-Filho, J. L., Paschoal, 

[6] L. R., ... & Pelicice, F. M. (2021). Plastic pollution: 
A focus on freshwater biodiversity. Ambio, 50(7), 
1313-1324. 

[7] Azevedo-Santos, V. M., Lima, F. P., Santos, V. M. 
R., & others. (2021). Freshwater plastic 
contamination: A global perspective. Water, Air, & 
Soil Pollution, 232(1), 29. 

[8] Barasarathi, J., Agamuthu, P., Emenike, C. U., & 
Fauziah, S. H. (2014, August). Microplastic 
abundance in selected mangrove forest in Malaysia. 
In Proceeding of the ASEAN Conference on Science 
and Technology (Vol. 5, pp. 18-20). ASEAN. 

[9] Barboza, L. G. A., & Gimenez, B. C. G. (2015). 
Microplastics in the marine environment: current 
trends and future perspectives. Marine Pollution 
Bulletin, 97(1-2), 5-12. 

[10] Barnes, D. K., Galgani, F., Thompson, R. C., & 
Barlaz, M. (2009). Accumulation and fragmentation of 
plastic debris in global environments. Philosophical 
transactions of the royal society B: biological 
sciences, 364(1526), 1985-1998. 

[11] Bayo, A., Rojo, D., & Olmos, S. (2020). Microplastics 
and synthetic particles ingested by freshwater fish 
from a highly human-impacted estuary. Water 
Research, 183(1), 116057. 

[12] Bayo, J., Rojo, D., Olmos, S., & López, M. (2020). 
Microplastic pollution on the strandline of urban and 
natural city beaches: the role of local activities. 
International Journal of Environmental Impacts, 3(2), 
155-167. 

[13] Baztan, J., Carrasco, A., Chouinard, O., Cleaud, M., 
Gabaldon, J. E., Huck, T., & Vanderlinden, J. 

[14] P. (2014). Protected areas in the Atlantic facing the 
hazards of micro-plastic pollution: first diagnosis of 
three islands in the Canary Current. Marine pollution 
bulletin, 80(1-2), 302-311. 

[15] Besseling, E., Foekema, E. M., Van Franeker, J. A., 
Leopold, M. F., Kühn, S., Rebolledo, E. B., & 
Koelmans, A. A. (2015). Microplastic in a macro filter 
feeder: humpback whale Megaptera novaeangliae. 
Marine pollution bulletin, 95(1), 248-252. 

[16] Bhadrecha, M. H., Khatri, N., & Tyagi, S. (2016). 
Rapid integrated water quality evaluation of 



Pak. J. Zool. Sci. 2025 6 of 9 
 

 

 

Pak. J. Zool. Sci. 2025, 1(1), 1–8 | ISSN: 3105-5222 (Online) https://doi.org/10.57074/pjzs.v1i2.006 

Mahisagar river using benthic macroinvertebrates. 
Environmental monitoring and assessment, 188(4), 
254. 

[17] Bilal, M., Taj, M., Hassan, H. U., Yaqub, A., Shah, M. I. 
A., Sohail, M., Rafiq, N., Atique, U., Abbas, M., 
Sultana, S., Abdali, U., & Arai, T. (2023). First report 
on microplastics quantification in poultry chicken and 
potential human health risks in Pakistan. Toxics, 
11(7), 612. 

[18] Bilal, M., Yaqub, A., Hassan, H. U., Akhtar, S., Rafiq, 
N., Ali Shah, M. I., & Ríos-Escalante, P. D. 

[19] L. (2023). Microplastic quantification in aquatic birds: 
biomonitoring the environmental health of the 
Panjkora river freshwater ecosystem in Pakistan. 
Toxics, 11(12), 972. 

[20] Bilal, M., Yaqub, A., Hassan, H. U., Akhtar, S., Rafiq, 
N., Shah, M. I. A., Hussain, I., Khan, M. S., Nawaz, 
A., Manoharadas, S., Khan, M. R., Arai, T., & De Los 
Ríos-Escalante, P. (2023). Microplastics in duck 
gizzards and crops: A study in Pakistan. 
Environmental Pollution, 276(2), 116705. 

[21] Boerger, C. M., Lattin, G. L., Moore, S. L., & Moore, C. 
J. (2010). Plastic ingestion by planktivorous fishes in 
the North Pacific Central Gyre. Marine pollution 
bulletin, 60(12), 2275-2278. 

[22] Bond, A. L., Lavers, J. L., & Hutton, I. (2021). Monitoring 
litter and microplastics in Arctic mammals and birds. 
Arctic Science, 7(1), 1–14. 

[23] Bouker, G., Tyree, A., San Martín, A., Salom, A., 
Dodino, S., & Balza, U. (2021). Garbage dump use, 
mortality, and microplastic exposure of raptors in 
Ushuaia, Tierra Del Fuego Province, Southern 
Argentina. Journal of Raptor Research, 55(2), 220-
229. 

[24] Bouker, M. A., Manoharadas, S., & Khan, M. R. 
(2021). Microplastics in urban raptors: A study in 
Ushuaia, Argentina. Environmental Pollution, 276, 
116705. 

[25] Bouker, M. A., Manoharadas, S., & Khan, M. R. 
(2021). Plastic and the nest entanglement of urban 
and agricultural crows. PLoS ONE, 9(1), e88006. 

[26] Bouker, S., Roose-Amsaleg, C., & Lefrançois, E. 
(2021). Transfer of microplastics and associated 
contaminants in aquatic ecosystems: A review. 
Science of the Total Environment, 773(1), 145527. 

[27] Brookson, C. B., De Solla, S. R., Fernie, K. J., 
Cepeda, M., & Rochman, C. M. (2019). Microplastics 
in the diet of nestling double-crested cormorants 
(Phalacrocorax auritus), an obligate piscivore in a 
freshwater ecosystem. Canadian Journal of fisheries 
and aquatic sciences, 76(11), 2156- 2163. 

[28] Brookson, C. B., Vance, T. S., Smith, J. A., & 
Walters, J. R. (2019). Distribution and impacts of 
microplastics in freshwater habitats: A global review. 
Environmental Pollution, 253(1), 1026– 1035. 

[29] Browne, M. A., Crump, P., Niven, S. J., Teuten, E., 
Tonkin, A., Galloway, T., & Thompson, R. (2011).  
Accumulation  of  microplastic  on  shorelines  
woldwide:  sources  and sinks. Environmental 
science & technology, 45(21), 9175-9179. 

[30] Browne, M. A., Crump, P., Niven, S. J., Teuten, E., 
Tonkin, A., Galloway, T., & Thompson, R. (2011).  
Accumulation  of  microplastic  on  shorelines  
woldwide:  sources  and sinks. Environmental 
science & technology, 45(21), 9175-9179. 

[31] Carral-Murrieta, J. F., Li, Y., & Nabi, G. (2021). Birds 
and plastic pollution: Recent advances. Avian 
Research, 12(1), 59. 

[32] Carrasco, A., González, E., & Pérez, J. (2022). 

Toxicity induced via ingestion of naturally-aged 
polystyrene microplastics by a small-sized terrestrial 
bird. Environmental Toxicology and Chemistry, 
41(5), 1234–1242. 

[33] Carrasco, A., González, E., & Pérez, J. (2025). 
Microplastics and nanoplastics in birds: A global 
review of distribution, effects, and detection 
methods. Environmental Toxicology and Chemistry, 
44(3), 567–580. 

[34] Carrasco, L., Jiménez-Mora, E., Utrilla, M. J., Pizarro, I. 
T., Reglero, M. M., Román, R. S., & Martin- 
Maldonado, B. (2025). Birds as Bioindicators: 
Revealing the Widespread Impact of Microplastics. 
Birds, 6(1), 10. 

[35] Chapman, P. M. (Ed.). (2007). Learned discourses. 
Integrated Environmental Assessment and 
Management, 3(4), 559-566. 

[36] Cole, M., & Galloway, T. S. (2015). Ingestion of 
nanoplastics and microplastics by Pacific oyster 
larvae. Environmental science & technology, 49(24), 
14625-14632. 

[37] Cole, M., Lindeque, P., Fileman, E., Halsband, C., & 
Galloway, T. S. (2015). The impact of polystyrene 
microplastics on feeding, function, and fecundity in 
the marine copepod Calanus helgolandicus. 
Environmental science & technology, 49(2), 1130-
1137. 

[38] Cole, M., Lindeque, P., Halsband, C., & Galloway, T. S. 
(2011). Microplastics as contaminants in the marine 
environment: a review. Marine pollution bulletin, 
62(12), 2588-2597. 

[39] Condamine, F. L., Clapham, M. E., & Kergoat, G. J. 
(2016). Global patterns of insect diversification: 
towards a reconciliation of fossil and molecular 
evidence. Scientific Reports, 6(1), 19208. 

[40] Coope, G. R., & Lemdahl, G. (1996). Validations for 
the use of beetle remains as reliable indicators of 
Quaternary climates: a reply to the criticisms by 
Johan Andersen. Journal of Biogeography, 23(1), 
115-120. 

[41] Costa, M. F., & Barletta, M. (2015). Microplastics in 
coastal and marine environments of the western 
tropical and sub-tropical Atlantic Ocean. 
Environmental Science: Processes & Impacts, 
17(11), 1868-1879. 

[42] Cuyvers, E., De Roeck, A., Van den Bossche, T., Van 
Cauwenberghe, C., Bettens, K., Vermeulen, 

[43] S., ... & Sleegers, K. (2015). Mutations in ABCA7 in a 
Belgian cohort of Alzheimer's disease patients: a 
targeted resequencing study. The Lancet Neurology, 
14(8), 814-822. 

[44] da Costa, J. P., Duarte, A. C., & Rocha-Santos, T. A. 
(2017). Microplastics: Occurrence, fate, and behavior 
in the environment. In Comprehensive analytical 
chemistry. Elsevier. 14(3), 264638. 

[45] de Souza Machado, A. A., Kloas, W., Zarfl, C., 
Hempel, S., & Rillig, M. C. (2018). Microplastics as an 
emerging threat to terrestrial ecosystems. Global 
change biology, 24(4), 1405-1416. 

[46] de Souza Machado, A. A., Lau, C. W., Kloas, W., 
Bergmann, J., Bachelier, J. B., Faltin, E., & Rillig, 

[47] M. C. (2019). Microplastics can change soil 
properties and affect plant performance. 

[48] Environmental science & technology, 53(10), 6044-
6052. 

[49] Desforges, J. P. W., Galbraith, M., Dangerfield, N., & 
Ross, P. S. (2014). Widespread distribution of 
microplastics in subsurface seawater in the NE 
Pacific Ocean. Marine pollution bulletin, 79(1-2), 94-



Pak. J. Zool. Sci. 2025 7 of 9 
 

 

 

Pak. J. Zool. Sci. 2025, 1(1), 1–8 | ISSN: 3105-5222 (Online) https://doi.org/10.57074/pjzs.v1i2.006 

99. 
[50] Didham, R. K., Barbero, F., Collins, C. M., Forister, M. 

L., Hassall, C., Leather, S. R., & Stewart, A. 
[51] J. (2020). Spotlight on insects: trends, threats and 

conservation challenges. Insect Conservation and 
Diversity, 13(2), 99-102. 

[52] Dijkstra, K. D. B., Monaghan, M. T., & Pauls, S. U. 
(2014). Freshwater biodiversity and aquatic insect 
diversification. Annual review of entomology, 59, 
143-163. 

[53] Ding, L., Zhang, S., Wang, X., Yang, X., Zhang, C., 
Qi, Y., & Guo, X. (2020). The occurrence and 
distribution characteristics of microplastics in the 
agricultural soils of Shaanxi Province, in north-
western China. Science of the Total Environment, 
720, 137525. 

[54] do Sul, J. A. I., & Costa, M. F. (2007). Marine debris 
review for Latin America and the wider Caribbean 
region: from the 1970s until now, and where do we 
go from here?. Marine Pollution Bulletin, 54(8), 1087-
1104. 

[55] Dwivedi, Y. K., Rana, N. P., Jeyaraj, A., Clement, M., 
& Williams, M. D. (2019). Re-examining the unified 
theory of acceptance and use of technology 
(UTAUT): Towards a revised theoretical model. 
Information systems frontiers, 21, 719-734. 
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