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Abstract:- Restoration ecology is a new field of research 

that combines ecological theory with concerns about 

human impacts on nature. Environmental harm caused by 

human activities may be repaired using a restoration 

ecology approach. When it comes to academics, restoration 

ecology is a relatively young field, but one with a long and 

rich history to compare it. Ecological restoration has been 

long seen as a suitable testing ground for ecological theory; 

restoration was envisioned as the ultimate litmus test for 

our ecological understanding. Ten years ago, restorative 

science had a firm academic basis, addressing issues faced 

by restoration practitioners, bringing fresh attention to 

existing ecological theory, and establishing a few new 

ecological ideas. Plant community ecology has significantly 

impacted ecological restoration in recent years. In both 

community ecology and ecological restoration, models of 

succession, assembly, and state transition are always 

developing and adapting. It is possible to verify ecological 

hypotheses in restoration ecology, even though it is a 

subfield of ecology research. Economic, social, and 

political aspects of the restoration ecological process must 

also be considered. This review provides a conceptual map 

of the field's history and present practices and possible 

future directions of restoration ecology. 
  

Keywords:- active, ecological restoration, historical 

continuity, passive, restoration strategies. 
 

I. INTRODUCTION 
 

In human history, societies have learned that they rely on 

the natural environment [1]. Despite this, population growth 

has only lately compelled society to examine and document 

the harm caused by its exploitation of natural systems. Society 

has created some technologies and disciplines of study to 

alleviate or reduce these disruptions as their influence has 

become more apparent. Innovative approaches to forestry, 

waste treatment, mining reclamation, and ecotoxicology aim 

to either improve nature or remove human-caused harm. 
 

Ecological restoration is the process of restoring a 

disturbed ecosystem to its pre-disturbance state. Re-creating 

naturalistic, self-maintaining ecosystems without the constant 

involvement of resource managers or the dependence on 

artificial structures is the goal of this approach to 
conservation. If an ecosystem's natural ecological functions 

are not restored, or the functions are recreated in an artificial 

system that has little physical similarity to a natural 

ecosystem, total restoration has not been achieved. In certain 

cases, the reintroduction of native species may be necessary 

for the restoration process. Reconnecting a floodplain or 
marsh to its water supply and cleaning up toxic wastes are 

only two examples of the physical, chemical, and biological 

processes that may be used to restore an ecosystem to its 

original state. The field of restoration ecology serves as a link 

between the humanities and the sciences. Research in this field 

includes all aspects of ecological theory used to alleviate and 

restore natural systems that have been severely disrupted by 

human activity. It's a daunting undertaking for restoration 

ecologists to integrate a wide range of current environmental 

studies into an overall plan to restore and preserve nature's 

working system. 
 

II. RESTORATION ECOLOGY 
 

Restoration ecology is a multidisciplinary area that 

requires a clear statement of objectives and future directions. 

Restoration ecology is a branch of ecology that focuses on 

restoring ecosystems. On the other hand, ecological restoration 

has been the subject of considerable controversy in the 

literature to date. There are three major parts to ecological 

restoration - ecology, human social systems, and ecosystem 
restoration. It is important to restore ecosystems that can self-

replicate and self-maintain themselves, even if species have 

been extinct for long periods, under ecologically driven 

notions of restoration. Integrating a recovered patch into the 

greater biological landscape is another focus of restoration 

with a goal in mind. Restoration ecologists have difficulty 

defining terms like "appropriate form and function" and 

"integration with the surrounding environment." However, 

restoration ecologists will only be able to restore ecological 

harm satisfactorily if they define, identify, and accomplish 

such strict objectives. 
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Table 1: Scale-appropriate definitions of ecological restoration 

Emphasis Example Useful focus Reference 

Goal-oriented Restoration of an ecosystem to its 

pre-disturbance state Focuses on the 

selection of ecological comparison 

factors. It identifies issues that hinder 

the process of succession. 

Provides information on how to get 

references for locations that have been 

repaired. 
 

[2] 

Process- oriented 
Ecosystem restoration is the process of 

restoring indigenous ecosystems to 

their pre-human state 

Includes social forces responsible for 

ecological damage in restoration plans. 

The importance of community 

involvement in the rehabilitation process is 

emphasized. Recognizes the boundaries of 

repair considering subsequent disruption 
and the current social context. 

[3] 

 

Objective research into ecological restoration design 

may begin with the NRC's goal-oriented definition. On the 

other hand, this definition fails to address many of the 

underlying problems that call for correction. The emphasis is 
on securing a restoration to a naturally occurring ecological 

condition rather than trying to recreate a pre-disturbance state. 

Jackson et al. [3] characterize restoration as "the process of 

repairing the damage inflicted by humans to the diversity and 

dynamics of indigenous ecosystems". The four components 

that make up their idea of restoration are the evaluation of 

restoration's need, an ecological approach; target setting and 

assessment; and a knowledge of restoration's constraints. 

Rebuilding systems and maintaining ecological integrity may 
be accomplished in several different ways. For any restoration 

project to succeed, it is essential to consider the social and 

legal implications, community opinion, and risk assessment. 

There are occasions when a restoration strategy must consider 

both scientific principles and social reality. 
 

 
Fig. 1: Ecological Restoration-Approaches and impact on vegetation, soils, and society 

 

III. HISTORY OF RESTORATION ECOLOGY 
 

The assumption that historical knowledge is a key 

principle, restoration ecology and ecological restoration has 

grown for many decades [4-6]. The technique has developed 
from a concentration on fixed points and composition to a 

more contemporary focus on "process- oriented 

configurations," such as the natural range of variation and 

numerous alternative routes, throughout the years [7-9]. A 

new era of restoration ecology is about to dawn. It is 

becoming more difficult to understand the relevance of 

historical knowledge in a rapidly changing world and evolving 

cultural conceptions of nature [10]. 

Historical benchmarks are less useful when temperature 
and other environmental parameters move out of their old 

ranges from the early Holocene to the present (i.e. the 

Anthropocene). The Society for Ecological Restoration stated 

that "classical ecological restoration" aims to "restore an 

ecosystem to its historic trajectory". "The process of aiding 

ecosystems that have been harmed, degraded, or destroyed" is 

a commonly recognized term that supports a broad range of 

treatments. But "the historically rich concept of recovery" is 

not strayed from this meaning of "restoration" [11]. 

Traditional thinking holds that the ecosystem in issue had 

better integrity before contemporary human interference than 
today, which is why researchers look to the past when 
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designing restoration programs. The main source of ideas on 

what an ecosystem should look like in the future, post-

restoration, is historical knowledge or reference conditions. 

Goals for restoration projects may be determined by varying 

degrees of historical accuracy to a pre-existing condition 

[12,13]. While ideas like a historical range of variability and 

recovery of different successional routes  may be used for 

restoration projects, they should not be restricted to a certain 
time framework. The term "historical fidelity" refers to a 

restoration design's dedication to the history of an ecosystem. 

Even in circumstances when precise historical knowledge is 

sparse, it is not normal practice to overlook the past of an 

environment [14]. 
 

IV. RESTORATION OF ECOLOGICAL 

COMMUNITIES 
 

The stability and variety of taxa and interactions 
between species on the surface and underground are 

influenced by interactions between these two types of 

communities [15,16]. For the most part, restoration studies at 

the community level have focused on abiotic factors (such as 

nutrient status) that directly influence plant communities. 

However, the soil biotic conditions have a crucial effect on 

plant community features, as a recent study has demonstrated 

[17,18]. This has helped us better understand how plant and 

soil communities interact to promote plant community 

recovery after disturbances. Kardol et al. [19] found that early 

successional communities are held back by positive feedback 
loops between mycorrhizal fungi and plants, whereas later 

stages of grassland are accelerated by negative feedback loops 

between mycorrhizal fungi and soil pathogens. These biotic 

plant-soil feedbacks will likely affect higher trophic levels 

than the soil. 
 

Plant communities are increasingly influenced by soil 

communities because of their functional characteristic range. 

Co-existing plant species' performance may be affected by 

functional variations among soil mycorrhizal communities, 

according to a study published very recently [20,21]. Soil 

community functional trait spectrum and soil community 

treatments that modify this spectrum may considerably help 

the restoration of plant communities. Species loss, release 

from disturbance, and changes in environmental conditions 

all contribute to the gradual colonization of external species 

pools by soil organism communities during restoration [22]. 
 

Since different plant species help soil communities in 

different ways, the new growth also affects the recovery of 

soil communities. Viketoft et al. [23] experimented on land 
that used to be farmland in northern Sweden. They discovered 

that soil nematode populations' taxonomic and functional 

composition shifted in areas with varying densities and plant 

species. Plant communities and soil resources that plants 

return to the soil after agricultural disturbance may help 

restore food web structure [24]. It's possible that altering the 

way plants function might enhance the quality of the soil food 

web. 

V. RESTORATION OF NATURAL DISTURBANCE 

REGIMES 
 

Most ecosystems have natural disturbance regimes, but 

human activities have suppressed these regimes to a 

significant degree, resulting in significant environmental 

changes [25]. Wildfire, for example, is a crucial component of 

many ecosystems across the globe, yet people have always 

tried to control it. At the community level, it is well-known 

that fire restoration selectively favours plant communities with 

a range of useful characteristics, such as soil communities 

[26,27]. The functional makeup of the plant community may 

evolve because of the restoration of fire regimes, altering 
below-ground community features [28]. Even while 

suppression of fires may increase or decrease soil nutrients, 

organic matter, and carbon storage, the return of fire after 

suppression is likely to impact ecosystems. These effects can 

happen directly and indirectly in several ways, such as by 

changing the functional trait spectrum of plants and the quality 

of plant-based resources that go into the soil. Large 

herbivores, for example, are no longer able to generate biotic 

disturbances because of human activity [29,30]. Wildfires and 

herbivore-driven disturbances have been compared in terms of 

plant biomass reduction [31], even though these disturbances 

may have quite different outcomes below the ground and 
above the ground [32]. 

 

VI. RESTORATION OF DEGRADED, ABANDONED 

LANDS 
 

Biodiversity conservation is sometimes helped by 

putting semi-natural ecosystems back to how they were before 

humans used the land for things like mining and farming [33]. 

Some parts of the soil biota take a long time to grow back, 
which could have long-term effects on animals that live above 

ground [34]. During restoration, the speed at which groups of 

organisms that depend on each other recover can vary a lot. 

When abandoned sites are cleaned up, it might be hard to 

determine how species above and below ground are 

connected. Soil organisms that impact plant growth, either 

directly or indirectly, may follow the development of 

vegetation because they rely on plants [35,36] or may need to 

be introduced to repair disrupted plant communities. Direct 

inoculation of mycorrhizal fungi, for example, seems to be an 

essential step in the effective restoration of target plant 

communities [37,38]. 
 

VII. REVERSAL OF BIOLOGICAL INVASIONS 
 

Native species may be displaced or even eliminated by 

invasive organisms, which disrupts multitrophic or mutualistic 

relationships between organisms in above and below-ground 

environments [39-41]. Communities where invasive species 

have overrun must be actively eradicated, and the native 

species must be actively restored in many situations 
(especially when certain local species have been eliminated) 

[42-44]. When it comes to native plant variety and 

composition, for example, reestablishing native soil 
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ecosystems may be a stumbling block [45,46]. As a result, 

certain invasive predator species may profoundly affect 

community structure both above and below ground [47,48]. It 

may be necessary to reintroduce the prey species after the 

predators have been eradicated to restore natural ecosystems 

[49]. 
 

Evidence suggests that attempts to restore native 

arthropods' food web structure may help, although little 

research has been done on the effects of invasive plant species 

removal on below-ground populations [50,51]. We also know 

that invasions of non-native species change ecosystem-level 

processes such as nutrient, carbon, and biomass fluxes and 

pools [52-54]. 
 

VIII. ECOLOGICAL RESTORATION STRATEGIES 
 

Meta-analysis is a standard method for identifying the 

most important determinants of restoration success. In such 
meta-analyses, "active" and "passive" are commonly 

employed to distinguish restorative procedures. Some authors 

studied the active and passive types of restoration ecology, 

which is mentioned in the table given below: 

 

Table 2: Definitions of "passive" and "active" restoration in past meta-analyses. 

Author Passive Active Reference 

Shimamoto et al. (2018) Regeneration, either natural or aided. Enhance facilitation by using individual 

trees. Incorporating native plants; 

Importing non-native species, such as 

pines and eucalyptus; planting 

commercially significant species such as 
Acacia; or planting native species and 

crops are some methods used to restore 

the land to its pre-invasion state. 

[55] 

Crouzeilles et al. (2017) 

 

Human interventions, such as fences 

to keep cattle out of the woods and 

weed control and fire prevention, help 

forest regrowth following land 

abandonment and selective logging. 

Changes in disturbance patterns can be 

made by thinning and burning, planting 

nursery-grown seedlings, direct seeding, 

or planting tree plantations 

[56] 

Jones et al. (2018) 
Recovery after a disturbance using a 

combination of actions to stop the 

disturbance 

Efforts to speed the recovery of 

ecosystems that have been affected by a 

disturbance 

[57] 

 

The degree of environmental deterioration at a specific 

site significantly impacts the likelihood that active restoration 

solutions will be used. Only the most severely damaged 

ecosystems may benefit from adopting active restoration 

methods since they are prohibitively expensive and would 

almost surely fail without them. In their paper, Reid et al. 

(2018) [58] explain why it is necessary to shift one's 

perspective from "active restoration" to "passive restoration": 

a plantation in a degraded pasture has the potential to fail to 

establish, but as an included study site, a 10-year-old 

secondary forest has already established. Because of the wide 

range of pre-restoration circumstances, it is practically hard to 
draw meaningful conclusions from research comparing active 

and passive restoration [59-61]. It is necessary to conduct 

studies that compare the efficacy of various restoration 

procedures in environments that have been similarly 

disturbed or degraded. Some primary studies have started to 

appear utilizing this method, which is encouraging. If this 

meta-analysis is correct, future restoration strategy meta-

analyses should omit trials when a passive approach has 

already "succeeded" in some way before the study takes place, 

for example, the 10-year-old secondary forest. 
 

 

 

 

Nevertheless, meta-analyses employ the "passive" vs 

"active" restoration technique dichotomy. The major purpose 

of restoration ecology research is to prevent language from 

being cast in a manner that fosters misunderstanding and 

permits restoration studies to be misinterpreted [62,63]. 
 

IX. ECOLOGY RESTORATION: ADVANCED 

APPROACH 
 

Ecosystems are defined by the diversity of their species. 
As a result, the goal of ecological restoration is often to restore 

the original species mix, sometimes known as the "natural" 

composition [64]. There are currently no reliable ways for 

estimating how long it will take to return to pre-restoration 

conditions. The ORBA (ordination regression-based approach) 

method allows for both linear and asymptotic (logarithmic) 

relationships between compositional changes and time, and it 

can be used to predict how long it will take for the system to 

recover. A vector in ordination space shows how far apart 

restored plots and reference plots are along the successional 

gradient, which is used to predict how long it will take for the 
area to recover. Because of this, the technique depends on (a) 

a broad understanding of the relationship between species 

composition and time, (b) a well- represented successional 

gradient, and (c) a specific restoration goal. As a test case, 

data from a boreal old-growth forest that had not been touched 
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in 18 years was taken. After a disruption, the first nine years 

were used to make models, and the next nine years were used 

to test those models. Compositional recovery rates in the 

sample followed the typical pattern of going down overtime 

after a change. 
 

To put it another way, asymptotic models were more 

accurate than linear models in predicting the time to recovery. 

The results show that the novel technique opens the door to 

reasonable recovery rates and times predictions using data on 

species compositional compositions. This helps to see if the 

recovery process is heading in the right direction. It allows to 

evaluate the success of various management strategies in 

terms of speed and efficiency [65]. 

 

Table 3: A Continuum of ecological or ecosystem restoration strategies in four ecosystems. 

Ecosystem 

Types 

Unaided (Natural) Recovery Lightly Assisted Recovery Moderately Assisted 

Recovery 

Recovery 

Intensive 

Grasslands 

(dispersal 

limitation) 
 

Colonization    

monitoring 

Prevent additional deterioration 

of the site by removing the 

cause of the degradation and 
monitoring the recovery 

trajectory 

Planting plugs in the 

ground with brush- 

harvested seeds or hay 
 

Turf or soil 

translocation 

 

Forests 

 

Aside from monitoring the 

progress of rehabilitation and 

avoiding additional site 

deterioration, there will be no 

further intervention 

Good land management 

includes preventing unnatural 

fires and disturbances, 

reintroducing a prescribed fire 

regime to get rid of weeds, 

keeping out exotic grazers, 

keeping people from 

harvesting or hunting in the 

area, helping seeds spread, 

pruning trees that have grown 

back after a fire, planting more 
trees, and doing some 

moderate erosion control after 

a fire. 

Planting trees and 

amending the topsoil; 

selective thinning and 

controlled burning; site 

preparation and direct 

sowing; and partial or total 

tree planting. 

 

 

Topsoil 

replacement, 

significant 

hydrological 

change, and 

facilitated 

migration are all 

examples of large 

landform 

modifications. 

 

Peatlands 

 

Natural regrowth in mildly 

deteriorated (undrained) 

environments with nearby 

seed supplies. To avoid 

additional deterioration and 

carbon losses, especially 

runoff and peat layer erosion, 

it is necessary to accept a 

permanent alternative plant 
cover state without rewetting. 

Fire suppression, reduction of 

evaporative water loss due to 

brush clearing and reduced 

grazing pressure, and the 

release of seedlings are all 

important considerations (e.g. 

fern removal 

 

For example, restricting 

drains to enable natural 

recovery may be one 

method of rewetting, as 

may removing non-native 

plants and restoring native 

tree species by plug 

planting and sowing 

Surface reshaping 

or bundling, as 

well as extensive 

site preparation, 

are required before 

any construction 

activity. 

Rivers 

 

Prevent additional 

deterioration of the site by 

removing the cause of the 

degradation and monitoring 

the recovery trajectory 

Natural flood risk management 

and restoration of a more 

naturally occurring flow 

pattern may be achieved using 

riparian buffer strips and 

herbicides, tree- selective 

thinning 

buffer strips, livestock-proof 

fencing, soil conservation 

approaches, and riparian buffer 

strips. 

Planting trees and 

preparing the site for soft 

engineering; removing or 

modifying hard 

engineering to start 

geomorphic processes 

 

Floodplain 

sculpting or 

channel 

remeandering; 

channel formation 

or remeshing; 

gravel additions; 

and channel 

remeasuring 
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X. CONCLUSION 
 

Ecological restoration and intervention are necessary to 

counteract the human-induced alteration and degradation of 

natural ecosystems; also, it is a multifaceted endeavour. 

Different kinds of ecosystems may be restored in various ways 

rather than being categorized into distinct passive or active 

methods. Understanding the inherent healing capacity of 

nature and overcoming impediments that restrict this ability is 

essential for effective restoration efforts. The first stage in 

restoring ecosystems is to focus on reducing or eliminating the 

causes of human-caused deterioration. As a result of 

supporting self-recovery, the cost of implementation is 
significantly reduced, the potential to reach greater 

geographical scales may be achieved, the colonization of 

native locally adapted genotypes is favoured, and natural 

processes are allowed to work without human interference. It's 

possible to connect developing ecological concepts with 

restoration efforts in several ways. 
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