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Anthropogenic modifications: 
impacts and conservation 
strategies
Andrea Belgrano 1,2, Federica Cucchiella 3*, Dong Jiang 4 & Marianna Rotilio 3

Humans have become one of the primary forces shaping our planet, altering climatic, geological and 
biological systems at an unprecedented pace. A whole new geological period has been proposed, the 
Anthropocene, which highlights just how much of a priority the reduction and management of anthro-

pogenic pressures are becoming globally. Within the topic, this collection brings together studies on the analysis 
of impacts modifying existing ecosystems, as well as mitigation and conservation strategies. It allows for the 
development of reflections on potential problems and good practices already identified.

The Anthropocene is a timely topic on which researchers are urgently debating, defining it as a complex, 
heterogeneous and currently ongoing  event1, which may be assigned the rank of series/epoch2. In reality, the 
Anthropocene has yet to be formally defined, with the application of standard protocols over a long period of 
 time2, but it appears evident how the actions and impacts of human beings, as well as the built environment, has 
an important role in this ongoing  transformation3,4.

This Collection gathered contributions that deal with the theme mainly from two different points of view. 
On the one hand, the impacts and alterations of natural systems generated by human action are analysed. On 
the other hand, mitigation and conservation strategies have been researched that can also be replicated in other 
contexts.

With reference to the first of the two approaches, the contribution of Rafeeque et al. examines the role of 
anthropo-geomorphic interventions that have caused the degradation of the territory of Munroe Island (India)5. 
A multidisciplinary method is employed which exploits the contribution of multi-dated, multiresolution satellite 
products and published maps over a period of approximately sixty years. The study demonstrates the perturbation 
that has occurred in the region over the years which has led to the disappearance of 14% of the island’s surface, 
as well as significant degradation, and identifies the direct cause in human-induced hydrogeomorphic interven-
tions. Forti et al. analyse the erosive processes that threaten the preservation of archaeological tell sites in arid 
regions due to ongoing climate change and land use for grazing purposes. They apply the revised universal soil 
loss equation model for soil loess using UAV imagery and geoarchaeological  investigation6. Tjiputra et al. also 
used satellite data to analyse the variation of oxygen, acidity (pH), temperature, and salinity from the surface up 
to a depth of 2000 m in the global  ocean7. In their study they demonstrate how anthropogenic changes emerge 
earlier in the internal ocean than at the surface, due to the lower background variability at depth. Thus, even 
in mitigation scenarios, anthropogenic signals detected within the ocean will emerge in the coming decades. 
The researchers highlight the need to establish systems for monitoring the interior to understand the impact 
of marine ecosystems and biogeochemistry. With an equal focus on the marine system, particularly the coastal 
one, Alldred et al. used macroalgae as a bioindicator of the anthropogenic nitrogen load on the coasts of the 
United  Kingdom8. The authors compared two island systems, Jersey (Channel Islands) and St Mary’s (Isles of 
Scilly), to assess how different sewage infrastructure affects nitrogen loading and demonstrated that upgrading 
sewer systems in the islands is necessary to reduce environmental problems. Two studies focused their attention 
instead on the  soil9,10. Jungkunst et al. highlight how the relationship between human actions and the presence 
of organic carbon (SOC) in soil in the Anthropocene is vague, mainly due to the lack of comparison between 
pristine sites and sites where human activities are  present9. Thanks to their study, conducted on an intact site in 
the high Andes, they provide evidence that thousands of years of pastoralism have increased the persistence of 
carbon in the soil. de Silva et al. found that in Asia, since 1700, more than 64% of suitable elephant habitat has 
been lost in conjunction with land use practices for agricultural  purposes10. Finally Sor et al. show how in the 
Lower Mekong Basin, dams built to produce renewable hydropower reduce fish  biodiversity11. They therefore 
recommend using existing dams rather than building new ones, as well as diversification in the development 
and use of renewable energy sources.
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In a second group of articles in the Collection, the Anthropocene was studied with the aim of identifying 
mitigation and conservation strategies that can also be replicated in other contexts: soil and forests are the most 
sensitive ecosystems. Mishra et al. analyse the effectiveness of water and soil retention structures called crescents, 
built to restore degraded land in Niger. The pre and post-intervention analysis showed that crescents effectively 
adapt traditional land management systems to increase agricultural production in arid ecosystems and are easily 
replicable systems in other  contexts12. Brandolini et al. illustrate a multidisciplinary approach to demonstrate 
how pre-industrial agricultural elements can mitigate soil erosion risk in response to current environmental 
 conditions13, while Ferrer Velasco et al. analyse the opinions of forest stakeholders on the policies implemented to 
fight  deforestation14. Finally, Österblom et al. focus on the biosphere, highlighting the need to implement sustain-
able changes in company policies relating to fish  products15. Thanks to the support of scientists, it was possible 
to implement collaborative practices to improve best approaches in ocean management. The importance of this 
contribution lies mainly in demonstrating that cultural evolution is the basis of any action aimed at mitigating 
impacts and protecting the  planet15.

In conclusion, this collection includes studies on the topic of the Anthropocene, which has been proposed 
as a new geological era but is still being formally defined. The topic is mainly treated from two points of view, 
that of ecosystem impacts and transformations, and on the other hand, that of the definition of mitigation and 
conservation strategies for existing balances. The main areas addressed are those concerning the transformation 
and degradation of soil properties, landscape conservation, the marine ecosystem as a whole and the coastline, 
mainly in relation to human action. It is evident how the collection acts as a pathfinder for very important top-
ics but only delves into some of the main areas of existing ecosystems. It may therefore give rise to new lines of 
research in relation to the other areas of the ecosystems addressed here. Finally, it allows for the development of 
reflections on potential problems and good practices already identified.

References
 1. Merritts, D. et al. Response to Waters et al. (2022) The Anthropocene is complex. Defining it is not. Earth-Sci. Rev. 238, 104340 

(2023).
 2. Waters, C. N. et al. Response to Merritts et al. (2023): The Anthropocene is complex. Defining it is not. Earth-Sci. Rev. 238, 104335 

(2023).
 3. Kuwae, M. et al. Human-induced marine degradation in anoxic coastal sediments of Beppu Bay, Japan, as an Anthropocene marker 

in East Asia. Anthropocene 37, 100318 (2022).
 4. Irabien, M. J., Cearreta, A., Gómez-Arozamena, J. & García-Artola, A. Holocene vs Anthropocene sedimentary records in a 

human-altered estuary: The Pasaia case (northern Spain). Mar. Geol. 429, 106292 (2020).
 5. Rafeeque, M. K. et al. Anthropogenic interventions on land neutrality in a critically vulnerable estuarine island ecosystem: A case 

of Munro Island (India). Sci. Rep. 13, 1458 (2023).
 6. Forti, L. et al. Geomorphological assessment of the preservation of archaeological tell sites. Sci. Rep. 13, 7683 (2023).
 7. Tjiputra, J. F., Negrel, J. & Olsen, A. Early detection of anthropogenic climate change signals in the ocean interior. Sci. Rep. 13, 

3006 (2023).
 8. Alldred, F. C., Gröcke, D. R., Leung, C. Y., Wright, L. P. & Banfield, N. Diffuse and concentrated nitrogen sewage pollution in island 

environments with differing treatment systems. Sci. Rep. 13, 4838 (2023).
 9. Jungkunst, H. F. et al. Land-use induced soil carbon stabilization at the expense of rock derived nutrients: insights from pristine 

Andean soils. Sci. Rep. 13, 4584 (2023).
 10. de Silva, S. et al. Land-use change is associated with multi-century loss of elephant ecosystems in Asia. Sci. Rep. 13, 5996 (2023).
 11. Sor, R. et al. Fish biodiversity declines with dam development in the Lower Mekong Basin. Sci. Rep. 13, 8571 (2023).
 12. Mishra, V. et al. Assessing impact of agroecological interventions in Niger through remotely sensed changes in vegetation. Sci. 

Rep. 13, 360 (2023).
 13. Brandolini, F., Kinnaird, T. C., Srivastava, A. & Turner, S. Modelling the impact of historic landscape change on soil erosion and 

degradation. Sci. Rep. 13, 4949 (2023).
 14. Ferrer Velasco, R. et al. Reconciling policy instruments with drivers of deforestation and forest degradation: cross-scale analysis 

of stakeholder perceptions in tropical countries. Sci. Rep. 13, 2180 (2023).
 15. Österblom, H. et al. Scientific mobilization of keystone actors for biosphere stewardship. Sci. Rep. 12, 3802 (2022).

Competing interests 
The authors declare no competing interests.

Correspondence and requests for materials should be addressed to F.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

www.nature.com/reprints


3

Vol.:(0123456789)

Scientific Reports |        (2023) 13:12009  | https://doi.org/10.1038/s41598-023-38940-x

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

http://creativecommons.org/licenses/by/4.0/

	Anthropogenic modifications: impacts and conservation strategies
	References


