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ABSTRACT
Archaeology and palaeoecology lenses explore the interdependence between human cultures and their environment. This review examines how human activities, such as artificial or mandrel modifications, have impacted landscapes and archaeological sites for thousands of years. Fire has been a way for humans to modify the environment since before the Middle Stone Age, making it incredibly common for people to affect vegetation. This process is considered significant. Even so, the Neolithic era and advancements in agriculture led to substantial transformations, including extensive deforestation, altered species distribution patterns, and the formation of highly biodiverse, human-oriented landscapes. Archaeobotanical techniques, including phytolith studies, charcoal analysis, and pollen analysis, are all helpful in understanding historical vegetation dynamics. Archaeological data can be used in multi-proxy studies to distinguish between human-made and natural environmental shifts. LRA is a valuable technique for reconstructing past vegetation using data on pollen levels and the source area. In the review, it is stated that vegetation can offer protection against erosion and extreme weather at archaeological sites while also being capable of damaging buried structures through root systems. To ensure efficient heritage management, it is essential to recognize this phenomenon.
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Introduction
Archaeology involves examining the past by analysing material remnants. It focuses on understanding human behaviours and cultural transformations that occurred historically. Archaeology originates from the Greek word “arkhaiologia,” where archaeolos means ‘ancient’ and logos signifies ‘study of.’ However, it has evolved to denote the exploration of human history through physical evidence (Renfrew & Bhan, 2007). Environmental factors influencing ecosystem alterations, including climate, human actions, and natural disruptions, can operate simultaneously, making it challenging to distinguish their specific impacts (Nelson et al., 2006). 
Since the advent of agriculture in Europe at the beginning of the Neolithic period, human actions have significantly influenced species distribution, changes in land cover, landscape evolution, and patterns of disturbances. This process began approximately 9000–7000 years ago. Consequently, human-caused deforestation, such as excessive fire damage and/or grazing, may have transformed forests into heathlands (e.g., Calluna vulgaris), shrublands (e.g., Corylus avellana, Alnus viridis), maquis, garrigue, grasslands, or meadows (Gobetet al., 2000; Tinner et al., 2005; Carrión et al., 2010; Rey et al., 2019). To differentiate between anthropogenic and natural influences, these cases highlight the importance of distinct disturbance events and stress the need for precise reconstructions of past land use and environmental changes. Multi-proxy palaeoecological research provides various lines of evidence and can be utilized to assess the contributions of different driving forces (Birks and Birks, 2006; Colombaroliet al., 2007). 	Comment by hp: Gap between author name and et al., 
The findings of these investigations are most reliably supported by local archaeological data (Hjelle et al., 2012). When shifts in vegetation, as indicated by palynological records, occur almost simultaneously across extensive regions, they have historically been associated with climate change (Jalutet al., 2009). Nevertheless, this assumption might overlook the impact of widespread human activities occurring simultaneously (Tinner et al., 2013; Walsh et al., 2019).	Comment by hp: Gap between author name and et al.,





Figure 1-Some ramifications of human-induced vegetation change.(Fyfe, 2023)	Comment by hp: Founa replace with fauna. 
Long-term dynamics of vegetation change:
One of the primary challenges within ecological research is understanding the intricate relationships between the distribution of vegetation and environmental changes, particularly in light of the accelerating effects of climate change (IPCC, 2023). A significant milestone in human history was the emergence of agriculture during the Neolithic period, marking a transition to an economy based on production (Vierra and Carvalho 2019). The Neolithic way of life and subsistence farming began to take root in the Aegean region of Europe around the middle of the seventh millennium BC. This era introduced the cultivation of grains (such as wheat and barley), pulses (including beans, peas, and lentils), oil and fiber plants (like flax), as well as advancements in technology and practices (such as permanent settlements and structures, stone tools, grinding stones, and pottery), alongside the domestication of sheep and goats (Weiss and Zohary 2011; Vierra and Carvalho 2019). 
The biodiversity in landscapes shaped by long-term human activity has been sustained over time through pastoral, agricultural, and forestry practices that we now regard as sustainable. A notable feature of some landscape types and agricultural systems identified as High Nature Value (HNV) farmlands is their rich biodiversity, which has endured throughout the extensive history of interactions between natural processes and human endeavours (Price, 2013). 
At archaeological locations, various archaeobotanical methods, including the analysis of plant macrofossils, pollen, and charcoal, are employed to reconstruct historical vegetation patterns. Studies on charcoal from archaeological sites (anthracology) offer detailed insights into the history of woodlands, highlighting changes in species composition and forest structure over time (Prach and Novák, 2024). By integrating these findings with pedoanthracological data (charcoal from soils), researchers can discern between vegetation changes induced by human actions and those occurring naturally, leading to a more refined understanding of long-term ecological developments (Novák, and Prach, 2024, February, 1992). 
Vegetation issues and soil moisture variation, which cause root damage to archaeological structures,are issues we see. Also, we see that which plants grow may present a complex set of trade-off issues for the conservators. Though there is the issue of wind and water erosion, which plants may help with, we also have the issue that, at the same time, the protection certain plants may give is also an issue of risk to the heritage of the site. In some cases, it is the invasive species that speed up the decay of stonework and other materials, as well as the roots of trees and shrubs, which present a physical danger to below-ground structures and artifacts (Fabbri et al., 2025, and Matthiesen et al., 2020). Targeting appropriate management strategies is key, which in some cases of plant root systems, especially those that the Vegetation Hazard Index (VHI) classifies as high risk, do penetrate and destabilize archaeological remains (Fabbri et al., 2025). Also, plants indeed play a protective role at times, which may include ameliorating microclimatic extremes, reducing surface erosion, and in some cases protecting ruins from heavy rainfall or direct sunlight, which may slow down the degradation process (Fabbri et al. 2025).	Comment by hp: Structure, are
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Fig 2. Kanmer: Showing the distribution of vegetation types. (Source-Lancelottiet al.,2010)
Vegetation history and human agency: an archaeological framework:
Organic materials are known to be individually preserved in archaeological deposits due to the Arctic's frigid temperatures and frequently moist conditions (Elberling et al., 2011; Hollesen et al., 2016; Meldgaard, 2004; Rasmussen et al., 2010). In addition to tools, household trash, and animal remains, these deposits include pollen and macrofossils, markers of previous habitats (Grønnow, 1994; Meldgaard, 2004; Sandweiss and Kelley, 2012). As a result, these deposits are an essential resource for learning about early human behaviour and Arctic life. Arctic archaeological sites are greatly impacted by climate change, which drastically changes the environment in the area (IPCC, 2013; Hollesen et al., 2018). Physical damage is caused by coastal erosion (Lantuit et al., 2012; O'Rourke, 2017), and microbial degradation of organic archaeological materials is quicker through rising temperatures and shifting water flow (Hollesen et al., 2016). These are but a handful of the prominent and extensively documented effects. Furthermore, there is unmistakable proof that climate change is causing the Arctic to "green" (Elmendorf et al., 2012; Epstein et al., 2012; Jia et al., 2003; Myers-Smith et al., 2015). Archaeological sites in the Arctic are expected to be impacted by these vegetation changes, even though little is known about how they will affect the region (Hollesen et al., 2018).
Research outside the Arctic indicates vegetation cover can significantly impact archaeological sites, frequently negatively impacting preservation conditions (Crow and Moffat, 2005; Lisci et al., 2003; Tjelldén et al., 2015). Because plant roots can damage and destroy artifacts or disturb the stratigraphy of deposits, these effects can directly result in the loss of archaeological information (Tjelldén et al., 2015). Summer evapotranspiration, which lowers soil moisture levels, illustrates an indirect effect (Swann et al., 2010). This rise in oxygen availability may enhance microbial degradation of organic archaeological materials (Hollesen et al., 2016).However, vegetation cover may also positively affect archaeological sites by helping to stabilize and protect the soil from erosion caused by wind, water, or coastal activities (Gysselset al., 2005; Wolfe and Nickling, 1993).









Table 1 Human Activities and Ecological Outcomes at Archaeological Sites:
	S. no.
	Type of Activity
	Vegetation Impact
	Archaeological Evidence
	Recovery or Decline
	Citation

	1


	Ancient settlements (Norse and Inuit) and associated land-use (e.g., waste disposal, farming, animal husbandry)
	When Norse and Inuit people settled, their daily lives (like farming and waste disposal) fundamentally changed the soil chemistry. This, in turn, favored certain "hungry" plants over others.
	We see distinct layers of human-altered soil and remnants of their old settlements and middens (waste heaps).
	Decline:The original, natural environment never fully returned after centuries. The imprint of human activity is still clearly visible in the soil and plant life today, showing a lasting shift away from its natural state.
	Fenger-Nielsen et al. (2019)
Greenland Case Study

	2
	Continuous human occupation and land-use over 2000 years (e.g., farming, pastoralism, resource extraction)
	Two millennia of continuous human presence – farming, raising animals, and cutting down trees – led to significant changes. Forests shrank, and cultivated lands expanded, fundamentally altering the local plant mix.
	Scientists analyzed ancient pollen grains from soil cores, alongside radiocarbon dating and other archaeological findings from settlements.
	Decline: The natural forests were reduced. While the landscape adapted to human presence over time, it was more about a long-term shift to an altered, human-managed environment rather than a full return to its original wild state.
	Hjelle et al. (2022)
Norwegian Peninsula Study

	3
	Settlement strategies and resource management in an arid environment (e.g., agricultural practices, water management, animal herding)
	While not directly about "vegetation destruction," this study focuses on how people in a harsh, dry environment managed their resources. They developed clever ways to farm and manage water, implying they carefully interacted with the limited vegetation and water.
	We have found evidence of sophisticated Bronze Age settlements, impressive water systems (like falaj), and agricultural terraces.
	Resilience: This is not a story of decline, but rather one of human and ecological resilience. The community developed incredibly adaptive strategies to thrive in a challenging arid landscape, showing their ability to persist and manage their environment sustainably, rather than depleting it.
	Swerida et al. (2024)
Early Bronze Age Resilience in Oman

	4
	All forms of human activity and their interaction with the environment (conceptual framework)
	This foundational book outlines how all human activities, from building to farming, interact with and transform natural landscapes and vegetation. It emphasizes the two-way street between people and their environment.
	This approach integrates all archaeological data (like where settlements are found, what tools people used, and what they ate) with environmental clues (like ancient pollen or animal bones).
	Change: This paper does not offer specific examples of recovery or decline but provides a framework for understanding how human activity is a fundamental driver of environmental change. This change can lead to anything from ecological decline to sustainable, adapted systems over vast periods.
	Butzer (1982)
EnvironmentalArchaeology Framework

	5
	Theoretical application of ecological concepts (e.g., human occupation of ecotones)
	This critical paper does not describe direct human impact on plants. Instead, it scrutinizes how archaeologists use ecological terms. It suggests that misinterpreting concepts (like "ecotones" or transition zones) can lead to a flawed understanding of how humans affected their surroundings.
	It is a theoretical critique, examining how archaeologists have interpreted the relationship between ancient sites and ecological zones.
	Clarity: While not about physical recovery or decline, this paper argues that if we misunderstand basic ecological principles, we risk misinterpreting the true story of human impacts. Essentially, it helps us avoid mistakes in gauging decline or stability.
	Rhoades (1978)
Ecotone Concept Critique




Unravelling past human ecological and earth system heritages: 
The fundamental requirements of our species—such as food, clothing, shelter, and waterhave likely influenced our behaviour both historically and in the present. Throughout history, we have transitioned from hunting and gathering to practices like crop cultivation, farming, forestry, and landscape management, with plants playing a vital role in the development and efficacy of various land-use strategies. According to an ecological perspective (Faegriet al., 1989), long-term shifts in vegetation cover are expected to be influenced by both the direct and indirect impacts of human activity on the environment. The extent of land use can have either a minimal or significant effect on the environment, depending on the scale (space) and duration of human activity in a particular area (Mercuri and Sadori, 2014). 	Comment by hp: Water have
Past human impacts seem relatively minor and restricted due to the randomness of sampling and preservation within archaeological and paleoecological records and the inconsistent availability of historical data. Furthermore, a lack of comprehensive large-scale data analyses allows for the dismissal of evidence of human-induced changes as localized (Morrisolet al., 2021). The standard view that human actions always conflict with nature amplifies these methodological and conceptual challenges (Rooset al., 2018). This perspective limits the recognition of historical human impacts on environments to cases where observed changes diverge from expected natural patterns. Human efforts often aim to enhance or leverage natural processes (Romano and Fletcher, 2018). 
Nonetheless, increased interdisciplinary research has illuminated the interactions between humans and their environments, including how historical land use and land cover changes have influenced precipitation and water cycles (the hydrosphere), the atmosphere (for example, via carbon emissions), and the cryosphere. Broad models of vegetation changes, such as deforestation, can be integrated into regional climate models to analyze human activity's effects on seasonal and yearly precipitation (Cook et al., 2012). Simultaneously, global and pan-regional projects like Land Cover examine how critical thresholds in human socioeconomic systems may have led to significant changes in land cover that produced observable global effects (Morrisolet al., 2021; Ruddiman, 2003; Koch et al., 2019). Despite many of these models being based on relatively simple calculations of human population and land use patterns, there is a growing effort to develop in-depth insights from historical, archaeological, and paleoecological records to create bottom-up assessments of land use changes over time (Morrison et al., 2021).
Pollen analysis is an established and efficient approach for investigating historical changes in vegetation composition and the impact of human activities on it. In favourable conditions, dormancy is a state that enables seeds to avoid germination. By creating seeds with different degrees of dormancy, plants also spread their offspring over time to reduce risk against unpredictable environmental conditions (Bargah et al., 2025). Pollen percentages, however, can either overstate or understate changes in vegetation composition because different taxa have varying levels of pollen productivity (Cao et al., 2019; Wang &Herzschuh, 2011). When low pollen producers like Picea, Poaceae, Cyperaceae, and Asteraceae (Liu et al., 2008) infiltrate areas primarily inhabited by high pollen producers like Pinus, Artemisia, Chenopodiaceae, and Betula (Liu et al., 2008; Mazier et al., 2012), this phenomenon becomes particularly significant. (Liu et al., 2008; Mazier et al., 2012). For example, Artemisia tends to be overrepresented in pollen records, so a significant representation of Artemisia pollen does not necessarily translate into extensive coverage of Artemisia in forest and shrub habitats (Herzschuh et al., 2004; Liu et al., 2008).
Therefore, quantitative vegetation renewals that are more accurate are crucial. The multiple-model Landscape Reconstruction Algorithm (LRA) takes into account several factors, such as background pollen levels, pollen productivity, and the pollen source area in relation to the basin size, in order to convert pollen data into a quantitative representation of the associated vegetation. The LRA can convert Pollen percentages into quantitative estimates of plant cover at both the local and regional levels. Furthermore, research on plant diversity and Holocene vegetation changes in Europe has shown the value of pollen, as evidenced by LRA estimates of plant abundance (Marquer et al., 2014, 2017). Pollen-based REVEALS estimates of plant abundances were found to accurately reflect changes in plant cover in northern Asia when human-induced landscape changes were examined. Additionally, they suggested that LRA is a better option than biomization (Li et al., 2017 and Cao et al., 2019).
Early and persistent human impacts on vegetation:
Fire was one of the oldest and most important ways humans changed vegetation. Tribes from the Middle Stone Age used fire in ways that changed local ecosystems extremely as early as 85,000 years ago, according to evidence from the Lake Malawi basin in southern Africa. Along with climate, soil, and the surrounding environment, the main components of agroforestry systems are trees, shrubs, crops, pastures, and livestock. Trees and the non-tree elements of the system must interact. (Bargah et al., 2024). According to paleoenvironmental, geomorphological, and archaeological data, these controlled fires broke seasonal explosion barriers, enabling burning to occur outside the usual fire season that is started by lightning. The vegetation composition changed due to this modification, favouring species resistant to fire, decreasing tree cover, and increasing grasslands and open habitats (Matthiesen et al., 2020).
Archaeological sites exhibit early human influence in their soil and vegetation. Historical agricultural practices and settlement activities have changed the soil's chemistry and structure, often increasing nutrient availability and altering the composition of plant communities, according to research done in a variety of places, including Greenland and Eastern Europe. These alterations can have long-lasting effects that affect the current condition of vegetation and the preservation of archaeological artifacts (Hurajtová et al., 2023). Archaeological sites frequently remain as modified landscapes with vegetation patterns very different from surrounding natural areas. Pollen records, soil evaluations, and plant distribution patterns can all provide insight into the ecological histories shaped by frequent disturbances, long-term human habitation, and changes in land use. These locations serve as living archives of interactions between humans and their surroundings, offering important insights into how early societies both impacted and were impacted by their surroundings (Hurajtová et al., 2023).
Importance of long-term environmental perspectives:
A long-term perspective of the environment is essential for researchers to distinguish between ecological changes brought about by human activity and those that occur naturally. This perspective helps clarify how land use, climate change, and management practices impact vegetation and the preservation of sites. Archaeological artifact preservation is directly impacted by changes in plant communities, which can indicate periods of agricultural progress, neglect, or changes in land management strategies (Fabbri et al., 2025). 
Understanding the complex and changing relationships between human societies and their ecosystems requires a broad environmental perspective (Dearing et al., 2006).
By revealing patterns and processes that shorter ecological studies might overlook, paleoecological and archaeological evidence provides crucial insights into the environmental changes that have occurred over thousands and hundreds of years. Researchers can reconstruct historical environments and assess how human activities have impacted biodiversity, soil systems, and land-use over time by looking at the history of vegetation and the changes humans have made to landscapes using proxies like pollen analysis, charcoal evidence, and sediment data (Roberts et al., 2018).
Evaluating current environmental trends in a larger temporal context requires long-term perspectives, particularly important for distinguishing man-made changes from natural ecological fluctuations. Modern conservation and sustainability initiatives can benefit from understanding historical ecosystems' resilience and constraints, especially in areas where resource exploitation, urbanization, and climate change are accelerating environmental degradation (Gillson, 2015).
AIM AND SCOPE OF THE REVIEW:  
This review's goal is to give an overview of what is currently known about the long-term effects of vegetation changes on archaeological sites caused by natural and man-made factors. It will provide a range of case studies and approaches, emphasizing the possible advantages and hazards of managing vegetation in historic landscapes. These risks include habitat improvement, site preservation, and problems like root penetration and site degradation (Fabbri et al., 2025).
By utilizing archaeological and non-archaeological evidence, historians can gain insight into the historical interactions between people and their environments by delving into how humans and ecosystems have evolved (Zhang al, 2022). Artifacts, settlement patterns and land use directly relate to archaeological discoveries through paleoecological indicators. Why? The metrics demonstrate the extent to which human activity has affected vegetation and the effects of environmental changes on human behavior and site use.scen. This combination advances our understanding of ecosystem resilience, the extent and timing of human impacts, as well as the interdependence between environmental factors and cultural practices (Novák and Prach, 2024)	Comment by hp: What is meaning 
OBJECTIVES AND SCOPE OF THE STUDY: 
This review's main objective is to critically assess the long-term trends in vegetation shifts and the corresponding human impacts found through archaeological research in various geographical locations. Indicating the interaction between people and their surroundings, vegetation is a crucial indicator of how ancient civilizations impacted their ecological environments through land-use practices like agriculture, urbanization, and deforestation (Roberts et al., 2018). Through a thorough synthesis of multidisciplinary research, including archaeobotanical, geoarchaeological, and palaeoecological studies, this review aims to evaluate the ecological effects of human activities on landscapes and highlight noteworthy trends in vegetation alterations over thousands of years (Fyfe et al., 2015).
The empirical techniques and theoretical frameworks frequently used in the reconstruction of historical vegetation, such as pollen analysis, phytolith studies, and sedimentological data, are the particular focus of this review. In order to demonstrate how vegetation dynamics vary under diverse cultural and environmental circumstances, it gathers case studies from a broad range of archaeological settings, including temperate, arid, and tropical regions. The review also looks into the socioeconomic factors that contribute to vegetation change, such as resource extraction, urbanization, agricultural intensification, and settlement patterns. These elements are assessed for their contributions to ecological shifts such as species extinction, landscape fragmentation, and soil degradation (Gillson, 2015).
OVERVIEW OF ARCHAEOLOGICAL AND PALAEOECOLOGICAL METHODS USED TO TRACK VEGETATION CHANGE: 
Pollen analysis is a well-established and successful method for examining past shifts in the composition of vegetation and the effects of human activity on these ecosystems. However, based on pollen percentages, changes in vegetation composition may be overestimated or underestimated due to differences in pollen productivity among various taxa (Cao et al., 2019; Wang and Herzschuh, 2011). Scientists use archaeological and palaeoecological techniques to research long-term vegetation changes to recreate past habitats and human-plant interactions. Pollen analysis (palynology), which involves analysing preserved pollen grains found in sediment cores from lakes, peat bogs, and archaeological contexts, is one of the most popular methods for determining past vegetation composition and landscape changes over millennia (Fyfe et al., 2015).
Phytoliths are microscopic silica structures made by plants that can be analysed in ancient settings to identify cultivated species and local vegetation patterns. This provides additional evidence, particularly in areas with limited pollen preservation (Piperno, 2006). As another important source of paleoenvironmental indicators, sedimentological studies evaluate the grain size, organic matter, and geochemical characteristics of soil and sediment layers to reconstruct historical erosion, land-use intensity, and hydrological conditions (Dearing et al., 2006). Although it is more constrained in time, dendrochronology, or tree-ring analysis, offers accurate yearly records of vegetation growth conditions and climatic changes. Researchers can directly link vegetation changes to human activities like agriculture, settlement growth, and resource use by combining these palaeoecological datasets with archaeological discoveries, such as plant remains found in ancient homes, storage pits, and waste disposal (Gillson, 2015).
CURRENT SCENARIO OF VEGETATION CHANGE AND HUMAN IMPACT:
In the current epoch, known as the Anthropocene, human influence on land-based ecosystems has increased to previously unheard-of levels, resulting in substantial changes in vegetation patterns, reduced biodiversity, and degraded landscapes worldwide. Significant habitat fragmentation and the decline of native plant species have been caused by rapid urban development, industrial agriculture, forestry practices, mining operations, and infrastructure expansion (Ellis et al., 2021). The leading cause of the nearly one million plant and animal species that are currently in danger of going extinct is land-use change, according to the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES, 2019). Current ecological research shows that as non-native species and monocultures routinely replace native vegetation, landscape uniformity further erodes ecosystem resilience.
Palaeoecological and archeological research has grown in importance, providing crucial long-term viewpoints that put today's environmental issues in perspective. These fields demonstrate that human-induced changes in vegetation are not a recent phenomenon, but rather a part of a much older continuum of ecological change by reconstructing past interactions between humans and the environment (Roberts et al., 2018).










CONCLUSION:  
Through analyzing vegetation changes, archeological contexts offer crucial insights into the long-term interactions between human societies and their surroundings. This review highlights the long-lasting impacts seen in archaeological and palaeoecological records as a result of natural phenomena like climate fluctuations and human activities like agriculture, settlement, and resource extraction. Humans have continuously changed vegetation to meet their needs for subsistence and culture, starting with the earliest uses of fire in the Middle Stone Age and continuing through the Neolithic period's intensified agriculture. These changes have impacted soil systems, hydrology, biodiversity, and plant communities. Reconstructing these complex dynamics and distinguishing between anthropogenic and climatic influences requiresusing multi-proxy techniques such as pollen, charcoal, and sediment analyses. Long-term environmental insights are becoming increasingly crucial for contemporary conservation and heritage management initiatives. Modern tactics can become more resilient, effective, and context-sensitive by taking lessons from sustainable and unsustainable land use practices. In order to guide ecologically and culturally informed approaches to landscape management and the preservation of archaeological heritage, interdisciplinary research is crucial.	Comment by hp: Require using 
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