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Abstract  
Urban parks in the subtropics are increasingly invaded by herbaceous 

ornamental plants, many of which were introduced for aesthetic reasons but 

have become great sources of plant invasion risks. Traits of rapid growth, high 

reproductive capacity capable of adapting in disturbed environments, allow 

them to overcompete with native species and change ecosystem functions. This 

systematic review investigates the ecological consequences of ornamental plant 

invasions for native biodiversity and plant composition, that is, disrupting 

ecosystem services, such as pollination, nutrient cycling, and water retention. 

Moreover, it examines how climate change enhances invasion dynamics, most 

notably in sensitive alpine heath ecosystems, through lengthening growing 

seasons and augmenting native species stress. The review uses existing 

literature to identify key invasive species, the mechanisms driving their success, 

and the ecological consequences of their success. The review explores 

management strategies to mitigate these risks, including early detection, control 

measures and sustainable landscaping practices that favor the use of native or 

non-invasive plants. The review also emphasizes the value of policy 

interventions and interdisciplinary collaborations for mitigation of risks of plant 

invasion in urban parks. Future research should capitalize on the development 

of predictive models for invasion risk assessment to create future energy 

futures to explore and further invent management techniques and understand 

the socio-economic impacts of invasive species management. This review 

synthesizes current knowledge to inform conservation efforts, support 

sustainable urban planning, and contribute to the conservation of subtropical 

and alpine ecosystems under climate change pressure. 
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Introduction 
Urban parks are important ecological assets, 

serving as refuge for biodiversity, supplying 

ecosystem services and improving human 

wellbeing. Because of their potential to host a 

diversity of flora and fauna, these green spaces 

are of special importance in subtropical regions 

[1]–[3]. Nevertheless, the introduction of non-

native herbaceous ornamental plants, mainly for 

landscaping purposes, has become an issue of 

ecological concern. These plants provide some 

aesthetic value for cities but have significant 

invasive potential because they threaten native 

plant diversity and ecosystem function [2]–[4]. 

Phenotypic plasticity, conspicuous aesthetic traits, 

and resilience to variable environmental 

conditions are often the reasons that herbaceous 

ornamental plants are chosen for cultivation. 

Although these characteristics are good for urban 

landscapes, they generally coincide with the ones 

that enable biological invasions [3]–[5]. In other 

words, approximately 70% of all invasive plant 

species in urban settings around the world were 

introduced as ornamentals.  

The paradox of ornamental plants simultaneously 

serving as ecological assets and potential 

ecological disruptors is creating a challenge that 

urban planners and ecologists are attempting to 

resolve [5]–[7]. It has an optimal climate for many 

ornamental plants that are grown in the 

subtropical climate with high annual precipitation 

and moderate seasonal variability [7]–[9]. 

Nevertheless, this same climate promotes their 

potential to become invasive by extending 

growing seasons and increasing seed dispersal 

(Propagule pressure), a central factor in biological 

invasions, in urban parks where ornamental 

species are frequently replanted and maintained. 

Introduction of non-native herbaceous 

ornamental plants, primarily for landscaping 

purposes, has raised ecological concerns [8]. 

While these plants contribute aesthetically to 

urban landscapes, their invasive potential poses 

risks to native plant diversity and ecosystem 

functionality. Herbaceous ornamental plants are 

frequently chosen for their phenotypic plasticity, 

conspicuous aesthetic traits, and resilience under 

variable environmental conditions [9]. These 

characteristics, while desirable in urban 

landscapes, often overlap with traits that enable 

biological invasions. Studies estimate that 

approximately 70% of invasive plant species in 

urban environments worldwide were initially 

introduced as ornamentals [10]. This dual role of 

ornamental plants as both ecological assets and 

potential ecological disruptors creates a paradox 

that urban planners and ecologists are striving to 

address [11], [12]. The subtropical climate, 

characterized by high annual precipitation and 

moderate seasonal variability, provides optimal 

growing conditions for many ornamental plants 

[13]. However, this same climate accelerates their 

potential to become invasive by supporting 

prolonged growing seasons and enhancing seed 

dispersal Propagule pressure, a critical factor in 

biological invasions, is amplified in urban parks 

due to the frequent replanting and maintenance of 

ornamental species [14]. This inadvertently 

creates a seed bank in urban soils and increases 

the risk to spontaneously spread into nearby 

natural ecosystems. The Impact of Herbaceous 

Ornamental Plants on Invasion Risk is shown in 

Figure 1. 

 
Figure 1: Impact of Herbaceous Ornamental 

Plants on Invasion Risk [41] 

 

Over the past few decades, research has shown 

that invasive ornamental plants have great 

ecological consequence [15]. To provide an 

example, in a study of 15 urban parks in Spain, we 

found that the proportion of non-native plant 

species was strongly correlated (positively and 

negatively) with the urbanization levels and 

climatic variables (e.g. average annual 

temperature and rainfall) [16]. Plant community 

composition is altered by ornamental plant 

invasion, often decreasing species richness and 

functional diversity, and we also demonstrate that 

this alteration decreases seedling abundance. 

Tradescantia fluminensis and Lantana camara, 

common landscape plants, have been shown to 

invade native vegetation by displacing native 
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species for sunlight, water and nutrients [17]. 

Herbaceous ornamental plants pose risks in alpine 

heath ecosystems that are magnified by climate 

change. The growing range of a growing number 

of invasive species is expanding and they are 

colonizing previously inhospitable habitats, 

because they are able to do so because of rising 

global temperatures and changing precipitation 

patterns [18]. For example, studies show that 

herbaceous species invading alpine ecosystems 

often have adaptive root foraging and high 

reproductive capacity, two traits that are favored 

under changing climatic conditions [19]. But these 

invasions not only put at risk endemic plant 

species, but also cause disturbance to ecosystem 

services such as water retention and nutrient 

cycling. The potential for herbaceous ornamental 

plants to invade, because of these complexities, 

must be approached ecologically, climatically and 

economically [20]. Ornamental species are 

introduced into urban parks aesthetically and 

economically, but their ecological consequences 

are not often assessed. However, more and more, 

ornamental plant invasive potential is being 

evaluated using predictive modeling tools such as 

Plant Risk Evaluation (PRE). The tools combine 

seed viability, dispersal mechanisms and climate 

adaptability to predict invasion risks [21].  

Challenges and Issues in Previous Studies 

In recent years, the study of herbaceous 

ornamental plants as contributors to plant 

invasion risk has advanced significantly. Yet 

many of these ecological threats continue to 

present huge challenges and limitations, therefore 

preventing us from fully understanding and 

effectively managing them. Previous studies 

adopt certain methodological approaches, which 

one major issue [22]. However, observational data 

and short-term field surveys are used by many, 

and while helpful, they fail to capture the long-

term dynamics of plant invasions [23]. The 

underutilization of predictive modeling, e.g. 

Species distribution models (SDMs) or Plant Risk 

Evaluation (PRE) tools, prevents us from 

predicting future invasion scenarios under 

changing climatic conditions [24]–[26]. 

A serious impediment to this is the absence of 

comprehensive and standardized data on 

ornamental plant invasions. The current studies 

are highly biased with respect to region, having a 

marked disparity in emphasis on temperate 

ecosystems compared to subtropical and alpine 

ecosystems [25]. Additionally, there is limited 

data on less well-known ornamental species, 

which leaves blind spots in understanding their 

invasive potential. Inconsistive conclusions about 

invasion drivers and impacts are due to the 

regional and species-specific gaps [27]. 

Moreover, the integration of climatic and 

socioeconomic factors to invasion studies is still 

insufficient. While propagule pressure and 

climate change are recognized as significant 

drivers, their interaction with urbanization, trade, 

and horticultural practices is less explored [28]. 

This oversight leaves critical pathways for plant 

invasions inadequately understood, particularly 

in urban parks where ornamental plants are 

frequently introduced and maintained [29]. Figure 

2 shows the Challenges and Issues in Previous 

Studies. 
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Figure 2: Challenges and Issues in Previous Studies [53] 

 

Finally, longitudinal studies examining the 

delayed ecological effects of ornamental plant 

invasions are limited. Most studies fail to address 

long-term impacts such as seed bank persistence, 

changes in successional dynamics, and 

cumulative ecosystem service losses [30]. This gap 

impedes the development of effective 

management strategies that account for future 

ecological scenarios [31]. 

• Methodological Limitations: Short term 

observational studies overreliance; 

insufficient use of predictive modeling 

tools such as SDMs and PRE. 

• Data Gaps: Lack of standardized global 

datasets; under representation of 

subtropical and alpine ecosystems; lack of 

data for lesser-known ornamental species. 

• Integration Deficiencies: Inadequate 

investigation of invasion drivers 

interacting with climate change and 

urbanization. 

• Lack of Longitudinal Studies: Few 

studies of delayed effects of plant 

invasions (e.g. seed bank persistence, long 

term ecosystem effects). 

Scope and Objectives of Review 

In this review, the knowledge gaps identified in 

previous studies are bridged by the 

comprehensive analysis of the role of herbaceous 

ornamental plants in plant invasion risks in 

subtropical urban parks and alpine heath 

ecosystems [32]. This review synthesizes findings 

from global and regional studies in order to 

inform future research and to guide future 

sustainable urban landscaping practices [33]. 

This review examines the invasion risks from 

herbaceous ornamental plants, particularly in 

subtropical urban parks and alpine heath 

ecosystems that are considered highly vulnerable 

to ecological disruption, within the scope. The 

ecological impacts of these invasions are explored, 

including their capacity to change plant 

composition and biodiversity, and disrupt such 

ecosystem services as pollination, nutrient 

cycling, and water retention. It also analyzes the 
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part that climate change plays as an essential 

driver that increases the invasion potential of 

ornamental plants by extending their growing 

ranges and altering ecosystem dynamics [34]. One 

aspect of this review is an evaluation of present 

management strategies designed to reduce these 

risks, including advanced tools, sustainable 

landscaping practices, and policy intervention. 

This comprehensive review seeks to provide a 

robust framework for understanding and 

managing the dual role of herbaceous ornamental 

plants as contributors to urban aesthetics, and as 

ecological disruptors [35]. 

The objectives of the present review are the 

following: 

• I investigate what makes herbaceous 

ornamental plants invasive by identifying 

key traits and mechanisms. 

• In order to assess the ecological impacts 

of these invasions on plant diversity, 

ecosystem services and community 

dynamics. 

• In order to quantify the role of climate 

change in amplifying invasion risks, 

especially in sensitive ecosystems like 

alpine heathlands. 

• We evaluate current management 

strategies to propose actionable solutions 

for sustainable urban landscaping and 

biodiversity conservation. 

• In order to highlight research gaps and 

outline future directions for the study of 

ornamental plant invasions. 

The objective of this review is to present a robust 

framework for understanding and managing the 

dual role of herbaceous ornamental plants as both 

an ecological disruptor and an aesthetic 

contributor through addressing these objectives 

[36]. It highlights the importance of an 

interdisciplinary approach that involves 

ecological, climatic and socioeconomic 

dimensions and the mitigation of risks of these 

plants in urban and natural ecosystems [37]. 

The ecological impacts, as well as the 

compounding effects of climate change, of 

herbaceous ornamental plants as contributors to 

plant invasion risks in subtropical urban parks is 

reviewed in this article [38]. This paper attempts 

to inform sustainable urban landscaping practices 

and to guide policy interventions by synthesizing 

findings from global and regional studies. The 

invasion risks are also discussed in alpine heath 

ecosystems, and the discussion also extends to 

interdisciplinary strategies for mitigating the 

adverse impacts of ornamental plant invasions. 

Ecological and Climatic Context of 

Subtropical Urban Parks 
Urban parks in the subtropical zone are essential 

urban infrastructure components with numerous 

ecological and social benefits [39]. These parks are 

biodiversity hotspots, provide essential ecosystem 

services, and improve urban quality by mitigating 

heat island effects and increasing the extent of 

outdoor thermal comfort [40]. Nevertheless, they 

are becoming increasingly threatened with 

ecological integrity from the introduction and 

spread of non-native species, particularly 

herbaceous ornamental plants. Some of these 

species have traits that allow them to out compete 

native plants in ways that disrupt the ecological 

balance of these parks [41]. 

The subtropical climate is characterized by high 

rainfall, warm temperatures, long growing 

season, and is suitable for growth of both the 

native and non-native species [42]. The 

combination of these climatic contexts with urban 

pressures (habitat fragmentation and high 

propagule pressure) makes subtropical urban 

parks particularly prone to plant invasions [43]. 

However, the ecological and climatic dynamics of 

these parks need to be understood in order to 

manage invasive species, and to preserve urban 

biodiversity [44]. 

Ecological Features of Subtropical Urban Parks 

Subtropical urban parks are important ecological 

systems, serving as biodiversity hotspots in urban 

environments where they are increasingly being 

developed [45]. Maintaining native plant 

communities that are the base of local ecosystems: 

these parks are an important supporting role of 

urban biodiversity. Pollinators, birds and small 

mammals are supported native vegetation in 

subtropical parks, providing ecological stability as 

urban development occurs [46]. Nevertheless, the 

introduction of non-native ornamental species for 

landscaping purposes commonly perturbs these 

ecosystems. Research suggests that in some parks, 

invasive species dominate up to 40 per cent of 

total vegetation and that they reduce native 

species richness and alter plant community 
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dynamics [47]. The Ecological Features of Subtropical Urban Parks are shown in Figure 3. 

 

 
Figure 3: Ecological Features of Subtropical Urban Parks [29] 

 

Subtropical urban parks are functionally more 

complex and therefore, ecologically more 

valuable. Most of these parks have multiple 

vegetation layers (tree canopies, shrub layers, and 

herbaceous ground covers) [48], [49]. Ecosystem 

services, including air purification, carbon 

sequestration and water regulation, are all 

provided by each layer. In particular, larger parks 

with interconnected green spaces are particularly 

successful in improving air quality and lowering 

urban temperatures, reducing ambient 

temperatures by 2–4°C versus non-shaded areas 

[50]. Unfortunately, however, this functionality is 

threatened by the spread of invasive ornamental 

species which outcompete native plants, disrupt 

mutualistic relationships and alter soil nutrient 

cycles [51]. The structural complexity of 

subtropical urban parks in China is illustrated in 

Figure 4. 
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Figure 4: The structural complexity of subtropical urban parks in China [63] 

 

Table 1 summarizes ecological benefits and 

challenges of subtropical urban parks by 

contrasting contributions of native and invasive 

species to key ecosystem functions. 

 

Table 1: Comparison of Native and Invasive Plant Contributions to Ecosystem Functions in Subtropical 

Urban Parks 

Studies Ecosystem 

Function 

Native Species Contribution Invasive Species Impact 

[47] Biodiversity 

Support 

Maintains high species richness and 

mutualistic relationships 

Reduces native species richness and 

disrupts pollination 

 [48] Air Quality 

Improvement 

Effective removal of particulate 

matter and carbon sequestration 

Minimal contribution; alters 

vegetation composition 

 [49] Urban Heat Island 

Mitigation 

Lowers temperatures by 2–4°C in 

shaded areas 

Limited shading capacity; 

outcompetes shading vegetation 

[50] Soil Stability and 

Water Retention 

Prevents erosion and enhances water 

infiltration 

Reduces soil stability; alters water 

dynamics 

[51] Functional 

Diversity 

Supports a range of ecosystem 

services 

Homogenizes plant communities 

and reduces service diversity 

 

Table 1 illustrated the different roles played by 

native and invasive species in subtropical urban 

parks. Surveying the diverse roles of native and 

invasive species in park management reveals that, 

although native plants contribute greatly to 

biodiversity support as well as urban heat 

mitigation and air quality improvement, invasive 

species often do the opposite, underscoring the 

importance of sustainable park management. 

Like other subtropical urban parks, however, they 

are also subject to increasing pressures from 

urbanization such as habitat fragmentation, 

pollution, and overuse for recreational purposes 

[52]. In particular, habitat fragmentation induces 

edge effects that favor the colonization of invasive 

species propagules, while human activities 

provide inadvertent means of invasive plant 

propagules. Because of this, these parks need to 

be planned with considerable care and then 

managed in order to conserve their ecological 

integrity. Such critical urban ecosystems should 

be prioritized for efforts, including native plant 

landscaping, invasive species monitoring 

programs and restoring degraded areas to help 

https://irjpl.org/irje
https://irjpl.org/irjpab/article/view/246
https://irjpl.org/


8 

 

 IRJPAB | 2025| 1 | 1 

 

Ghori MA, Raza A, Ahsan H, et al. A Review of Herbaceous Ornamental Plants as Contributors to Plant Invasion Risk in Subtropical 

Urban Parks. IRJPAB. 2025;1(1):1-33. Available from: https://irjpl.org/irjpab/article/view/246     

with the long term sustainability of these critical 

urban ecosystems [53]. 

Climatic Factors and Their Influence 

In subtropical regions, where temperatures are 

high, rainfall is heavy and the humidity high (see 

Figure 5), the climatic conditions provided an 

environment favorable to both native and 

invasive plant species. The growth of these 

regions was extended, allowing native 

biodiversity and the germination and 

establishment of non-native ornamental plants 

[54]. High precipitation and temperature 

variability studies indicated that climatic factors 

enhanced the seed dispersal, root development 

and reproductive rates of invasive species, 

allowing them to dominate urban park 

ecosystems [55]. 

 
Figure 5: climatic conditions of subtropical regions, marked by elevated temperatures, significant rainfall, 

and high humidity levels [109] 

 

The dynamic was further complicated by Urban 

Heat Island effects. Temperatures in urban areas 

were 2–5°C warmer than in surrounding rural 

areas because of human activities and heat 

absorbing materials [56]. This stress exacerbated 

competition between native plant species and 

favoured heat tolerant invasive plants. Also, 

disturbances caused by climate variability (e.g., 

increasing number of extreme weather events, 

such as storms and droughts) contributed to the 

establishment and spread of invasive plants [57]. 

Table 2 shows the comparative influence of key 

climatic factors, temperature, rainfall, and UHI 

effects, on native and invasive plant species, cited 

and quantified [58]. These data highlighted the 

increased adaptability of invasive species under 

these climatic conditions, and therefore call for 

climate resilient urban park management 

strategies. 

 

Table 2: Comparison of Climatic Factors Influencing Native and Invasive Plant Species in Subtropical Urban 

Parks 

Studies Climatic Factor Native Plant Species Invasive Plant Species Quantitative Impact 

[54] Temperature Vulnerable to heat stress; 

reduced competitiveness 

Heat-tolerant; higher 

germination and 

growth rates 

Invasives grew 15–20% 

faster in UHI 

conditions 

[55] Rainfall Sensitive to prolonged 

extremes; supported 

High adaptability to 

both excessive and 

Invasive germination 

rates increased by 30% 
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biodiversity deficient rainfall during floods 

[56] Urban Heat 

Island (UHI) 

Increased stress; reduced 

photosynthetic efficiency 

Enhanced growth and 

dominance in disturbed 

environments 

UHI temperatures 

favored invasives by 2–

5°C advantage 

[57] Climate 

Variability 

Vulnerable to extreme 

weather events; limited 

adaptive capacity 

Exploited disturbances 

for establishment and 

spread 

Extreme events caused 

native losses of up to 

25% 

[58] Extended 

Growing 

Seasons 

Favored native growth but 

increased competition 

with invasives 

Prolonged growth 

cycles and higher 

reproductive success 

Reproduction cycles 

extended by 10–15 days 

for invasives 

 

Table 2 shows that invasive species were more 

adaptable to key climatic factors than native 

species. For example, invasive species grew 15 – 

20% faster under UHI conditions and 30% faster 

in extreme rainfall events, demonstrating that 

they can take advantage of urban climatic 

conditions [59]. 

Characteristics of Herbaceous Ornamental 

Plants 

Herbaceous ornamental plants are used in urban 

landscaping because of their aesthetic value and 

adaptability in changing environmental 

conditions. The plants have several characteristics 

which enable them to cope with urban life, and in 

some cases become invasive in subtropical areas. 

Key traits include rapid growth, high 

reproductive output and the ability to survive 

urban stress, such as compaction of the soil, air 

pollution, fluctuating moisture levels. Such 

characteristics make them good for urban use, and 

may allow them to out compete native species 

[60]. 

Herbaceous ornamental plants are rapid growers 

and can grow rapidly to establish themselves very 

quickly leaving instant greenery and aesthetic 

value [61]. However, this same trait is also capable 

of aggressive competition with native plants for 

resources. Furthermore, a lot of ornamental plants 

are known to be phenotypically plastic, and 

therefore be better adapted to a variety of 

environmental conditions. Has a high 

reproductive rate (sexually, through prolific seed 

production, and asexually, through rhizomes or 

stolons) that increases spread even more [62]. 

These plants possess a competitive edge in 

disturbed environments, often at the expense of 

native species, by their ability to tolerate urban 

stressors such as pollution and compacted soils. 

Key characteristics of herbaceous ornamental 

plants are compared with native species in Table 

3, and the ecological impacts of the two groups in 

subtropical regions are discussed [63]. 

 

Table 3: Comparison of Characteristics between Herbaceous Ornamental Plants and Native Plants in 

Subtropical Urban Parks 

Studies Trait Herbaceous Ornamental Plants Native Plants 

[60] Growth Rate Rapid (up to 30% biomass increase in 2 

months) 

Moderate (10–15% biomass 

increase in 2 months) 

[61] Reproductive 

Output 

High (2000–5000 seeds per plant 

annually) 

Low (500–1500 seeds per plant 

annually) 

[62] Stress Tolerance Tolerant to soil compaction, pollution, 

and drought 

Limited tolerance to urban 

stressors 

[63] Phenotypic 

Plasticity 

High; adaptive to varying light, 

moisture, and temperature 

Moderate; limited adaptive range 

[64] Dispersal 

Mechanism 

Wind, water, and animal-mediated; 

rapid colonization 

Primarily animal-mediated; 

slower colonization 

 

Table 3 shows that reproductive outputs, growth 

rates and stress tolerance were higher for 

herbaceous ornamental plants than for native 

plants. In urban environments, these traits enable 

rapid spread, adaptation and outcompete of 

native species, causing ecosystem dynamics in 

flux. 

 

Role of Herbaceous Ornamental Plants 
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in Plant Invasion 
Herbaceous ornamental plants have dual roles in 

urban landscapes. They serve on the one hand to 

enhance the aesthetic and functional value of 

green spaces by meaning visual appeal and 

providing ecological services like pollinator 

support, and microclimate regulation. But these 

plants are also often highly invasive with traits 

that threaten native biodiversity and ecosystem 

stability [64]. However, the subtropical regions 

under consideration have a combination of 

favorable climatic conditions and high use of 

ornamentals in landscaping that expose them to 

greater risks of plant invasions [65]. The Role of 

Herbaceous Ornamental Plants in Plant Invasion 

is shown in Figure 6. 

 

 
Figure 6: Role of Herbaceous Ornamental Plants in Plant Invasion [18] 

 

Introduction of herbaceous ornamental plants in 

urban areas is mainly motivated by economic and 

aesthetic considerations, while their ecological 

effects are neglected. These plants are once 

established able to spread aggressively, 

outcompete native vegetation, change soil 

chemistry, and disrupt trophic interactions [66]. 

They are particularly invasive in disturbed 

environments, where they exploit native species 

which have vacated ecological niches [67]. 

Introduction to Herbaceous Ornamental Plants 

Herbaceous ornamental plants are grown to their 

maximum extent on account of their decorative 

value, ease of maintenance and adaptability to 

diverse environmental conditions. Because of 

their ability to grow in a wide variety of climatic 

and soil conditions, these plants are commonly 

used in urban landscaping projects (parks, 

gardens, roadside greenways) [68]. But their 

invasive potential is frequently underestimated at 

the selection stage. 

Despite the many characteristics that make them 

ornamental, many herbaceous ornamental plants 

have characteristics that contribute to their 

invasiveness, such as rapid growth, high 

reproductive capacity and adaptability to urban 

stressors [69]. The ability to quickly become 

established in new habitats while relegating 

native species, is a trait of these genetically 

modern humans [70]. Ornamental plants once 

introduced such as Lantana camara and 

Tradescantia fluminensis have been shown to 

spread out of managed landscapes into adjacent 

natural habitats, and displace native flora [71]. A 

comparative analysis of the invasive potential of 

commonly cultivated herbaceous ornamental 

plants and native plants is presented in table 4. 

 

Table 4: Comparison of Invasive Traits between Herbaceous Ornamental Plants and Native Plants 
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Studies Trait Herbaceous Ornamental Plants Native Plants 

[66] Growth Rate Rapid; biomass increases by 25–35% 

in 3 months 

Moderate; biomass increases by 10–

15% in 3 months 

[67] Reproductive 

Capacity 

High; up to 10,000 seeds annually Low; typically 1,000–3,000 seeds 

annually 

[68] Urban Stress 

Tolerance 

Thrives in polluted, compacted soils Limited ability to tolerate urban 

stressors 

[69] Dispersal 

Mechanism 

Wind, water, and animal-mediated; 

rapid colonization 

Primarily animal-mediated; slower 

spread 

[70] Competitive 

Advantage 

Strong; allelopathic properties hinder 

native plants 

Weak; no significant allelopathic 

traits 

 

Table 4 shows that herbaceous ornamental plants 

possess superior growth rate, reproductive 

capacity, and stress tolerance compared to native 

species. Uniquely, they derive these advantages, 

which allow them to set up and dominate urban 

ecosystems, often with disastrous ecological 

consequences [72]. However, the unchecked 

proliferation of these plants emphasizes the 

importance of retention ecological considerations 

in design principles for buildings and 

development of effective management strategies 

for their potential invasiveness [37]. 

 

Mechanisms of Invasion 

The invasion and colonization of herbaceous 

ornamental plants is facilitated by a suite of 

biological and ecological traits. These traits have 

let them colonize new environments, proliferate 

and persist in new environments at the expense of 

native biodiversity [73]. The most important 

mechanisms of their invasiveness are 

reproductive strategies, stress tolerance and 

allelopathy. 

 

Reproductive Strategies: Herbaceous ornamental 

plants have shown prolific reproduction through 

sexually and asexually. Production of large 

numbers of seeds (10,000 to 12,000 seeds / plant 

per year) is a part of the process of sexual 

reproduction. Normally these seeds are small, 

light and could be blown, washed or eaten by 

animals. Vegetative spread in dense colonies 

relatively quickly has been evolved in these plants 

through asexual reproduction by rhizomes, 

stolons or bulbils. A dual reproductive strategy 

maintains rapid colonization of disturbed habitats 

and range expansion in ornamental plants [73]–

[75]. 

 

Stress Tolerance: Typically, urban environments 

are characterized with a variety of difficult 

conditions including pollution, soil compaction 

and variable moisture levels. Remarkable stress 

tolerance has evolved in herbage ornamental 

plants, which allow them to survive in such 

adverse conditions. These plants have been 

studied to show that they can continue to 

photosynthesize and grow under high pollution 

levels and compacted soils, while native species 

rarely achieve vigor or establish. This adaptability 

provides ornamental plants with a major 

competitive advantage in urban landscapes [74]–

[76]. 

 

Allelopathy: Many herbaceous ornamentals 

release allelopathic chemicals and inhibit the 

germination and growth of nearby plants. The 

exuded through roots, leaves and decaying litter 

alter soil chemistry and microbial communities in 

ways unfavorable to native plants, creating the 

area not suited to supporting native plant growth. 

For example, germination of native seeds is 

strongly suppressed by phenolic compounds 

released by Parthenium hysterophorus. Reducing 

competition is not the only function of 

allelopathy; it changes the ecological balance of 

invaded habitats [76]–[78]. 

 

Other Invasive Traits: But there are other 

mechanisms through which herbaceous 

ornamental plants can adjust to fluctuating light, 

temperature, and moisture conditions, and these 

plants often show a lot of phenotypic plasticity. In 

addition, they also use disturbed habitats 

efficiently and exploit them with rapid 

colonization efficiency in order to outcompete 

native vegetation [77]–[79]. A detailed comparison 

of these traits between herbaceous ornamental 

and native plants is given in Table 5. 

Table 5: Comparison of Invasive Mechanisms between Herbaceous Ornamental Plants and Native Plants 
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Study Mechanism Herbaceous Ornamental Plants Native Plants 

[72] Reproductive 

Strategies 

High seed output (10,000–12,000 seeds 

annually); asexual reproduction through 

rhizomes and stolons 

Low seed output (1,000–2,500 

seeds annually); limited 

vegetative spread 

[73] Stress Tolerance Thrives under pollution, soil compaction, 

and moisture fluctuations 

Limited tolerance to urban 

conditions 

[74] Allelopathy Releases phenolic and other inhibitory 

compounds; alters soil chemistry 

No significant allelopathic effects 

[75] Phenotypic 

Plasticity 

Highly adaptable to varying light, moisture, 

and temperature 

Moderate adaptability; 

constrained by ecological 

conditions 

[76] Colonization 

Potential 

Rapid colonization of disturbed habitats; 

dense monocultures 

Gradual colonization; limited to 

stable environments 

 

Combining the traits that make herbaceous 

ornamental plants highly effective invaders (Table 

5) as shown. Their strategies of rapid 

establishment, stress tolerance of adverse 

conditions and allelopathy to suppress native 

species ensure formation of successful 

assemblages, both temporally and spatially. 

Together these mechanisms allow these plants to 

dominate urban ecosystems, and therefore 

necessitate proactive management and ecological 

monitoring to mitigate their impacts. 

Case Studies of Invasive Ornamental 

Plants 
Herbaceous ornamental plants have become 

important drivers of ecological change in many 

ecosystems throughout the world. The 

introduction of many of these species, usually 

aimed at beautification or convenience, has 

resulted in unintended consequences: many have 

become unwanted, aggressive invaders [80]. This 

subsection presents the invasion mechanisms and 

ecological impacts of three detailed case studies of 

Lantana camara, Tradescantia fluminensis and 

Parthenium hysterophorus [81]. These examples 

emphasize the need for evidence-based 

management practice and policy intervention to 

counter the risks of invasive ornamental plants 

[82]. 

Case Study 1: Lantana camara in Subtropical 

Forests of India 

Lantana camara is one of the most notorious 

invasive ornamental plants in the world and 

featured in the IUCN list of the 100 worst invasive 

species. L. camara, which was initially brought to 

India for its colorful flowers and for its potential 

to help prevent soil erosion, has become a weed in 

subtropical and tropical regions. It covers more 

than 13 million hectares of forest land in India, 

forming dense impenetrable thickets that disrupt 

native ecosystems [83]–[85]. 

This species exhibits a combination of traits that 

contribute to its invasiveness: They have high 

reproductive capacity (up to 12,000 seeds per 

plant annually) rapid vegetative growth, and 

allelopathy. L. camara allelochemicals have been 

shown to suppress the germination and growth of 

native understory plants. It also has dense canopy 

structure, which reduces the amount of light 

available to native species added to that, it doesn’t 

help their growth [86]–[88]. This plant has 

invaded to the extent that native species diversity 

in these areas has been reduced 50–70%, altering 

ecosystem functions and availability of habitat for 

wildlife [89]. 

Case Study 2: Tradescantia fluminensis in New 

Zealand Urban Parks 

Wandering Jew (Tradescantia fluminensis) is an 

introduced, fast growing herbaceous plant that 

has been planted as a ground cover in urban 

parks and gardens [90]. It is tolerant of low light 

conditions, can thrive in compacted soils, and 

spreads vegetatively through stem fragments, 

making it a dominant invader in many urban and 

semi natural areas. Dense mats of this species 

smother native plants and prevent seedling 

recruitment and regeneration [91]. 

Research into T. fluminensis in urban parks across 

New Zealand reveals that native ground cover 

can be reduced by as much as 70%, and this has 

serious consequences for overall biodiversity [92], 

[93]. In addition, T. fluminensis is competitive and 

alters soil properties by increasing soil moisture 

retention and decreasing organic matter 
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decomposition rates. This planting leads to 

changes in soil dynamics that are unfavorable for 

native species and thus compounds the successes 

of invasive plant. Mechanical removal and 

chemical control have been used to manage T. 

fluminensis but its ability to regrow rapidly 

continues to pose challenges [94]–[96]. 

Case Study 3: Parthenium hysterophorus in East 

African Grasslands 

Parthenium hysterophorus was originally 

introduced as an ornamental plant, but it has 

become a widespread invasive species in East 

Africa, notably in Ethiopia, Kenya and Uganda. 

We describe this plant as having a high 

reproductive output (up to 15,000 seeds per plant 

per year) and as a species that tolerates disturbed 

habitats (roadsides, overgrazed grasslands, and 

agricultural fields). It is also very allelopathic 

releasing phenolic compounds that inhibit 

germination and growth of native plants [97]–[99]. 

Ecologically P. hysterophorus has severe impacts, 

with native plant cover reduced by up to 90%. In 

addition to being dangerous to humans and 

livestock, this species is also a public health 

concern. Its allergenic pollen causes problems for 

the lungs, and its toxic foliage is dangerous for 

grazing animals [100]. Estimates of the economic 

costs of managing P. hysterophorus and its 

impacts on agriculture are in the millions of 

dollars per year, suggesting far reaching effects of 

this invasive ornamental plant. 

 

Table 6: Comparative Analysis of Invasive Ornamental Plant Case Studies 

Study Plant Species Region and 

Habitat 

Invasive Traits Ecological Impacts 

[77] Lantana 

camara 

Subtropical 

forests, India 

High seed output (12,000 

seeds annually), rapid growth, 

allelopathy 

Reduces native flora diversity 

by 50–70%, disrupts habitat 

availability 

[78] Tradescantia 

fluminensis 

Urban parks, 

New Zealand 

Vegetative reproduction, 

tolerance to shade and soil 

compaction 

Reduces native ground cover 

by up to 70%, alters soil 

dynamics 

[79] Parthenium 

hysterophorus 

Grasslands, 

East Africa 

High seed production (15,000 

seeds annually), allelopathy, 

rapid colonization 

Reduces native plant cover by 

up to 90%, causes health risks 

to humans and livestock 

 

The selected ornamental plants were highlighted 

in Table 6 for their invasive traits and ecological 

impacts. These case studies show the different 

ways ornamental plants can get in the way of the 

native ecosystem by changing soil properties or 

out competing native species or by posing health 

and economic threats. Taken together, they call 

for proactive management strategy, specific to the 

particular challenge imposed by each invasive 

species. 

Impacts of Herbaceous Ornamental 

Plants on Plant Composition and 

Biodiversity 
Herbaceous ornamental plants profoundly and 

multifaciously affect plant composition and 

biodiversity in natural and urban ecosystems. 

While they are implemented for aesthetic and 

functional reasons, an often detrimental ecological 

result results from these invasive tendencies. They 

are competitive with native plants based in part 

on their aggressive growth rates, outstanding 

reproductive capabilities and the ability to use 

disturbed environments to their maximum 

advantage [101]. The result is that they change 

plant community structures, lower species 

richness, and alter ecosystem functions. The 

Impacts of Herbaceous Ornamental Plants on 

Plant Composition and Biodiversity are shown in 

Figure 7. 
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Figure 7: Impacts of Herbaceous Ornamental Plants on Plant Composition and Biodiversity [25]

 

Often there is dominance of invasive ornamental 

plants that result in monocultures replacing 

diverse native plant communities with 

homogeneous vegetation. As a result, this shift 

has cascading effects on ecosystem processes from 

nutrient cycling to water retention and pollination 

networks. Also, loss of native plant diversity is 

associated with reduction in dependent faunal 

communities (pollinators, herbivores, and soil 

microorganisms), creating a major weakness in 

ecosystem integrity [102]. In the following 

subsections, the specific ways in which 

herbaceous ornamental plants can alternative 

plant communities and ecosystem functions are 

explored [103]. 

 

Alteration of Native Plant Communities 

Ornamental plants invasions frequently displace 

native vegetation, resulting in fundamentally 

changed plant communities. The namesake for 

this research implies that the plants are inherently 

more competitive and exhibit rapid growth, 

prolific seed production and high tolerance for 

urban stressors such as pollution and soil 

compaction [104]. The existence of this 

competitive advantage gives them the power to 

take landscapes for themselves and deny the 

native plants the resources needed to survive: 

sunlight, water, and nutrients [105]. 

Monocultures of invasive ornamental plants 

homogenize plant communities. Homogenization 

of this reduces unique characteristics of native 

ecosystems and local biodiversity is eroded. 

Replacing native plants with several generalist 

invasive species that have lost functional diversity 

[106]. Pollination services also decline in areas 

where native plants are being outcompeted by 

foreign plants because many pollinators are 

adapted to specialized native flora [107]. 

Regeneration of native species is also affected by 

invasive ornamentals, in addition to structural 

and functional change to plant communities. By 

example, an invasive plant could form a dense 

canopy or ground cover that will prevent light 

from penetrating to allow native seeds to grow, or 

change soil moisture levels. Over time these 

changes can continue to decline native vegetation 

to the point where invasive species are further 

reinforced in dominating the vegetation [108]. 

Wild plant communities that are impacted by 

invasive ornamental plants are often left 

irreversibly altered unless intervention is active. 

Mechanical removal, ecological restoration and 

reestablishment of native plants are important 

management strategies that will reduce these 

effects and help restore biodiversity [109]. The 

high adaptability and resilience of invasive 

ornamentals, however, makes such efforts 
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difficult and resource intensive.  

 

Table 7: Comparison of Impacts on Native Plant Communities Due to Invasive Herbaceous Ornamental 

Plants 

Studies Aspect Resource 

Competition 

Homogenization of 

Communities 

Effects on Seed 

Germination 

Functional 

Diversity Impact 

[80] Displacement 

of Native 

Plants 

Outcompetes 

natives for 

sunlight, water, 

and nutrients 

Dense 

monocultures 

replace diverse 

native flora 

Dense invasive 

cover inhibits 

native seed 

germination 

Loss of niche-

specific plants, 

decline in 

specialist species 

[81] Soil Resource 

Alteration 

Changes soil 

composition and 

nutrient 

availability 

Simplifies 

ecosystem structure 

Alters soil pH and 

microbial 

communities, 

reducing seed 

viability 

Reduces 

availability of 

resources for 

native-

dependent 

species 

[82] Competition 

with Native 

Pollinators 

Reduces access 

to floral 

resources for 

native 

pollinators 

Dominance of 

invasive plants 

disrupts pollination 

networks 

Limited native 

seed propagation 

due to pollinator 

preference for 

invasives 

Decline in 

pollinator-

dependent 

native species 

[83] Urban Stress 

Adaptability 

High 

adaptability 

allows 

dominance in 

urban settings 

Creates uniform 

landscapes 

unsuitable for 

natives 

Alters light and 

water availability 

for germination 

Reduced 

functional 

redundancy in 

plant 

communities 

[84] Long-Term 

Regeneration 

Suppression 

Prevents 

recovery of 

native 

vegetation in 

disturbed areas 

Maintains long-

term dominance, 

suppressing native 

growth 

Persistent canopy 

or ground cover 

prevents seedling 

establishment 

Decline in 

ecosystem 

resilience and 

adaptability 

 

Results from Table 7 show that invasive 

herbaceous ornamental plants reduce native plant 

communities by affecting multiple aspects, 

including resource competition, community 

homogenization, seed germination and functional 

diversity. Basic incompatibility for these plants 

with natural vegetation, including for essential 

resources, makes them be dominant, forming 

dense monocultures, and interfere against natural 

regeneration leading to great biodiversity 

deficiency and natural balance distortion. 

 

Effects on Ecosystem Services 

Invasive Herbaceous Ornamental Plants Majorly 

Disrupt Crucial Ecosystem Services Essential to 

Keeping Both Natural and Urban Ecosystems 

Stable and Sustainable. Failure to consider these 

plant-service gradients can result in dominance of 

one plant species over native ones, which are 

often replaced by plants taken from a far distance, 

altering ecological processes, and bringing out 

additional cascading effects on biodiversity and 

ecosystem functionality [85]. The specific ways in 

which invasive ornamentals affect pollination, 

water retention and nutrient cycling are explored 

in this subsection, along with broader 

implications for ecosystem services [86]. 

 

Pollination: Invasive ornamental species displace 

native flowering plants, reducing resources 

availability for native pollinator species, such as 

bees, butterflies and birds. Specialized 

relationships with local pollinators typically exist 

between native plants and nectar and pollen 

provision at specified times. If these plants are out 

competed by invasives, pollinators will have 

resource shortages and population may decline 

[87]. More importantly, invasive plants tend to 

attract generalist pollinators, adding another layer 

of pollinator effects to reduce those already being 

experienced by native species and also disrupting 

their reproductive success. These disruptions over 
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time can cascade in the ecosystem to herbivores 

and predators dependent on native plant 

pollinator networks [88]. 

Water Retention: Invasive ornamental plant root 

systems can be vastly different than native species 

root systems resulting in altered soil stability and 

water retention. For example, deep rooted, 

expansive native plants help hold soil structure 

and keep soil in place, soaking up water, 

preventing runoff and trapping soil and eroding 

materials in place. On the other hand, an 

overwhelming majority of invasive ornamentals 

have shallow or fibrous roots, losing soil 

anchorage [89]. When this occurs the soil erodes 

easier and the runoff moves quicker, decreasing 

the total water holding capacity of the soil. Such 

changes are particularly problematic in urban 

areas where storm water management is a critical 

means of preventing flooding and ensuring water 

quality [90]. 

Nutrient Cycling: In addition, invasive 

ornamental plants change soil composition and 

microbial communities and thereby affect nutrient 

cycling. Symbiotic relationships with soil 

microbes — like nitrogen fixing bacteria and 

mycorrhizal fungi — are often present in native 

plants, and help make nutrients available as well 

as increase soil health. These relationships are 

disrupted when there are high levels of invasive 

plants. Many invasives emit allelopathic 

chemicals that suppress the nutrition cycling of 

native communities. Furthermore, invasive 

species tend to concentrate or exhaust particular 

soil nutrients, leading to unhealthy collections 

which inhibit the growth of native vegetation [91]. 

These disruptions gradually worsen food 

production for native plants and over time they 

will often diminish soil fertility, making it more 

difficult for native plants to reestablish [92]. 

However, changes in one area can result in 

dramatic amplification in the effects elsewhere. 

This includes increased nutrient runoff related to 

reduce water retention and soil stability, along 

with declines in pollinator populations that 

exacerbate the terminal regeneration of native 

plant populations. Taken together, these 

disruptions emphasize the ecological price paid 

for invasive ornamental plants and demonstrate 

the value that preserving their spread has in 

conserving ecosystem functionality and resilience 

[93]. 

 

Table 8: Comparative Analysis of Ecosystem Service Impacts by Native and Invasive Herbaceous Plants 

Study Ecosystem 

Service 

Native Plant Contribution Impact of Invasive 

Ornamental Plants 

Ecological Consequences 

[85] Pollination Provide consistent nectar 

and pollen resources for 

specialist and generalist 

pollinators 

Attract generalist 

pollinators, reducing 

visitation to native plants 

Decline in native 

pollinator populations, 

disruption of plant-

pollinator networks 

[86] Water 

Retention 

Deep root systems stabilize 

soil and enhance water 

infiltration 

Shallow roots increase 

runoff and reduce soil 

water-holding capacity 

Increased soil erosion, 

higher flood risks in 

urban areas 

[87] Nutrient 

Cycling 

Symbiotic relationships with 

soil microbes improve 

nutrient availability 

Disrupt soil microbial 

communities, deplete or 

accumulate certain 

nutrients 

Imbalanced soil fertility, 

reduced native plant 

regrowth 

[87] Soil 

Stability 

Extensive roots prevent 

erosion and maintain soil 

structure 

Weak or fibrous roots 

destabilize soil and 

increase erosion risk 

Loss of topsoil, reduced 

habitat quality for soil 

organisms 

[88] Habitat 

Provision 

Create diverse microhabitats 

for fauna and 

microorganisms 

Form dense 

monocultures, reducing 

habitat complexity 

Decline in biodiversity, 

loss of ecosystem 

resilience 

 

Table 8 shows that invasive ornamental plants 

contribute less in the way of critical ecosystem 

services than native plants. This column of studies 

supports these findings with empirical research 

and emphasizes the importance of targeted 

management to mitigate ecological damage and to 
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preserve ecosystem stability. 

 

Implications for Faunal Diversity 

The spread of invasive herbaceous ornamental 

plants has profound implications for faunal 

diversity as changes in plant composition occur. 

Native plant species are quite intimately linked in 

their faunal communities: food, shelter, and 

breeding ground. In response to the loss of the 

latter, these dependent faunal species suffer 

substantial resource shortages and habitat 

alterations resulting in cascading ecological 

impacts [45]. 

Impacts on Insect Populations: In many cases, 

the insect species that native plants have 

coevolved relationships with are also 

pollinators—bees, butterflies, and beetles, for 

instance. Native flowers specialize in providing 

specific nectar and pollen resources at the life 

cycle times of local pollinators. Invasive 

ornamentals set upon these coevolved interactions 

by replacing native flora with generalist species 

that may not supply suitable resources [48]. 

Specifically, invasive plants may produce nectar 

that is chemically incongruous with the native 

pollinators, or bloom at a time that falls out of 

phase with their pollinator activity cycles. The 

negative results of this disruption result in 

reduced abundance and diversity of pollinators 

and spillover effects on plant – pollinator 

networks and ecosystem stability [52]. 

Effects on Bird Communities: Changes in plant 

composition also affect another faunal group — 

birds. Native plants provide many birds with 

fruits, seeds, and insects they depend on in native 

vegetation. Fruits of these invasive ornamental 

plants may be unpalatable or their structure 

unsuitable for nesting, and they often also fail to 

provide equivalent resources [54]. For instance, a 

switch from native to thickets of invasive plants 

can mean fewer ground nesting birds. 

Furthermore, population declines are favored by 

invasive dominance lowering insect populations, 

which in turn decreases food availability for 

insectivorous birds [55]. 

Alterations in Mammalian Habitats: Studies of 

invasive plant dominance can also be done with 

mammals, large and small, which also experience 

habitat loss and resource scarcity. Frequently, 

invasive ornamentals are toxic or of poor 

nutritional value, so herbivorous mammals that 

feed on native plants are unable to consume the 

invasive ornamentals. For example, there could be 

invasive plants with allelopathic properties that 

keeps invaded herbivory, so that native 

herbivores have no food to eat [76]. Conversely, 

the indirect effects of declines in the prey 

population (e.g., insects and small mammals) on 

carnivorous mammals are also observed. Because 

native vegetation is lost and invasive species are 

introduced in urban settings, mammalian habitats 

become further fragmented, increasing 

competition for resources, and reducing 

population stability [77]. 

Impact on Soil Fauna and Microbial 

Communities: Even changes in plant composition 

extend below ground, affecting soil fauna and 

diversity of microbes. The soil organism symbiotic 

relationships with native plants (both plant roots, 

and nematodes, earthworms mycorrhizal fungi 

&c) provide benefits to soil health and nutrient 

cycling. However, invasive plants can modify soil 

properties by the release of allelopathic chemicals, 

or by altering root structure. These changes 

destroy existing soil communities, decreasing the 

abundance of and diversity within beneficial 

organisms and increasing those species that thrive 

in degraded soils [78]-[80]. 

Cascading Ecological Impacts: Cascading effects 

of displacement of native plants and 

accompanying faunal declines roll through the 

food web. The loss of reduced pollination services 

further limits the reproduction of native plants, 

which are already declining. Insectivorous birds 

decline with a decline in insect populations, 

which has consequences for predator species. Just 

as community structures respond to habitat 

changes by shifting the balance of ecosystems 

towards the dominance of a few generalist species 

and overall biodiversity and ecosystem resilience 

reduced. 

Mitigation and Conservation Strategies: 

Management and conservation of faunal diversity 

is required in stopping the impacts of invasive 

ornamental plants. Key strategies include: 

• Restoration of Native Vegetation: 

Restoring habitats for dependent faunal 

species and building up disrupted 

ecological networks can be achieved by 

reintroduction of native plants. 
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• Invasive Plant Monitoring and Removal: 

Invasive ornamentals can be removed 

early if they are not spread and the long 

term impacts on faunal communities can 

be avoided. 

• Community Engagement: Telling the 

public about and working with local 

communities to use native plants in urban 

landscaping may be an education. 

• Policy Interventions: Sale and 

distribution regulations for invasive 

ornamentals can help to reduce 

introduction into vulnerable ecosystems. 

 

Table 9: Comparative Impacts of Invasive Herbaceous Ornamental Plants on Faunal Diversity 

Studies Faunal 

Group 

Native Plant 

Contribution 

Impact of Invasive 

Ornamental Plants 

Ecological Consequences 

[95] Insects Provide specialized 

nectar and pollen 

resources, support 

pollination networks 

Generalist pollinators 

attracted, specialist 

pollinators decline 

Disrupted plant-

pollinator networks, 

reduced pollinator 

populations 

[96] Birds Supply fruits, seeds, and 

insects for food; provide 

nesting habitats 

Invasive plants offer fewer 

resources and unsuitable 

nesting structures 

Decline in bird diversity, 

especially insectivorous 

and ground-nesting 

species 

[97] Mammals Herbivores consume 

native plants; diverse 

vegetation supports prey 

for carnivores 

Invasive plants often toxic 

or unpalatable; reduced 

prey availability 

Resource scarcity, 

increased competition, 

and habitat 

fragmentation 

[98] Soil Fauna 

and 

Microbes 

Symbiotic relationships 

with roots enhance soil 

health and nutrient 

cycling 

Altered soil chemistry and 

root structures disrupt soil 

communities 

Decline in soil 

biodiversity, reduced 

nutrient cycling 

efficiency 

[99] Overall 

Ecosystem 

Diverse native vegetation 

sustains complex trophic 

interactions and high 

biodiversity 

Homogenization of 

vegetation disrupts trophic 

levels and ecosystem 

balance 

Loss of biodiversity, 

reduced ecosystem 

resilience and 

functionality 

 

In table 9 impacts of invasive herbaceous 

ornamental plants on faunal diversity were 

compared. It focuses on how native plants 

support insects, birds, mammals, and soil 

organisms, and how invasive species are doing 

damage. Cascading effects of invasive plants are 

expressed in terms of ecological consequences, 

including species loss, disruption of trophic 

interactions, and reduction in ecosystem resilience 

for species assemblages and for entire ecosystems. 

In summary, invasive ornamental herbaceous 

plants have wide ranging consequences for faunal 

diversity. These plants disrupt complex ecological 

interactions by displacing native vegetation and 

cause declines of insect, bird and mammal 

populations and changes in soil fauna and 

microbial communities. The mitigation of these 

impacts and conserving biodiversity requires 

proactive and restoration management. 

 

Climate Driven Changes in Alpine 

Heaths and Impacts on Invasion 

Dynamics 
Climate change is impacting upon alpine heath 

ecosystems in unprecedented ways. These 

ecosystems comprise a unique flora, sparse 

vegetation and are highly sensitive to changes in 

temperature, precipitation, and disturbance 

regimes [81]. Alpine heaths are disrupted by 

climate driven changes including rising 

temperatures, changes in precipitation pattern, 

and increasing disturbance events, which provide 

opportunities for invasive species to establish and 

flourish [82]. This section examines the sensitivity 

of alpine heaths to climate change and the 

dynamics of plant invasions that follow. 

Sensitivity of Alpine Heaths to Climate Change 

Alpine heath ecosystems are highly specialized 

environments found within narrow climatic 

thresholds. These ecosystems are adapted to cold 

temperatures, short growing seasons and nutrient 
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poor soils; native species in them are adapted to 

these conditions. These finely balanced conditions 

are disrupted by climate change, forcing many 

species beyond their tolerance limit. Rising 

temperatures, precipitation variability, soil 

changes and increased disturbance events are the 

key climate driven changes that make alpine 

heaths particularly vulnerable [83]. 

Rising Temperatures: The warming of alpine 

regions is nearly twice the global average rate. 

Many alpine environments have already observed 

increases of 1.5 to 2.0°C per decade. They 

lengthen growing seasons and, up to 30%, shorten 

the time the snow stays on the ground. But native 

plants, which depend on having snow to insulate 

them from freezing, are losing their protective 

cover, while invasive species better adapted to 

warmer conditions are winning out [84]. 

Precipitation Variability: Rainfall is becoming 

more intense in some places and prolonged 

drought in others, as a result of climate change. 

These changes impose stress on moisture 

dependent alpine plants but favor drought 

tolerant invasive species. For example, native 

plant resilience in ecosystems is weakened by 

nutrient leaching during intense rain events and 

water scarcity during droughts, both of which 

increase the likelihood of invasion [85]. 

Soil Changes: Soil processes, including those 

related to freeze thaw cycles, microbial activity 

and nutrient availability, and are influenced by 

rising temperatures. Warmer soils help 

decompose stored carbon, but also destabilize soil 

structure. These changes tend to reward invasive 

plants, which can use disturbed soil conditions 

better that more native species. 

Increased Disturbance Events: Climate change is 

causing more frequent and intense disturbances 

such as wildfires, storms and avalanches. Invasive 

species can rapidly spread under disturbed 

conditions, when competition is decreased and 

open niches are created. After such events, native 

alpine plants with slower growth rates and 

limited reproductive capacity are slow to recover. 

 

Table 10: Comparative Sensitivity of Alpine Heath Ecosystems to Climate Change 

Study Climate Driver Native Plant Response Invasive Plant 

Advantage 

Ecological 

Consequences 

[43] Rising Temperatures 

(1.5–2.0°C per 

decade) 

Reduced snow cover 

disrupts insulation; 

shorter growing seasons 

limit reproduction 

Extended growing 

seasons and faster 

growth rates 

Decline in native plant 

populations; increased 

dominance of 

invasives 

[44] Precipitation 

Variability (10–20% 

increase in 

extremes) 

Moisture-dependent 

plants stressed during 

droughts; nutrient 

leaching during heavy 

rainfall 

Drought-tolerant 

invasives thrive; rapid 

colonization after 

extreme events 

Erosion, habitat 

fragmentation, and 

reduced biodiversity 

[76] Soil Changes (2–4°C 

annual increase) 

Disrupted microbial 

activity; destabilized root 

structures and nutrient 

cycling 

Exploits disturbed soil; 

faster nutrient uptake 

Altered soil properties; 

competitive exclusion 

of native species 

[77] Increased 

Disturbance Events 

(wildfire frequency 

up 30%) 

Slow recovery due to 

limited reproductive 

capacity and growth 

rates 

Quick establishment in 

disturbed habitats 

Loss of native species; 

invasive monocultures 

 

The comparative impacts of climate change on 

alpine heath ecosystems are highlighted in Table 

10. The native plants are at a disadvantage 

compared with rapidly changing climatic shifts. 

These changes provide an opportunity for 

invasive species to exploit them in their desire to 

dominate. The sensitivity highlighted here 

indicates that targeted conservation strategies are 

required to mitigate both the dual threats of 

climate change and biological invasions. 

 

Synergies between Climate Change and Plant 

Invasion 

Together, climate change and plant invasions are 
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mutually reinforcing processes. The 

disproportionate benefits of climate variability to 

ornamental plants for their adaptability and 

aesthetic value. Not only does this synergy 

enhance the invasion potential of these plants but 

also sharpens the degradation pace of native 

ecosystems. Extended growing seasons, increased 

stress on native species, and enhanced dispersal 

mechanisms combine to make habitats that were 

resistant to colonization vulnerable to invasion by 

invasive plants [77]. 

Extended Growing Seasons: In temperate and 

alpine regions, climate warming is lengthening 

growing seasons. This gives these invasive 

ornamental plants a place that otherwise they 

would not be able to take because of their rapid 

growth and reproductive cycles and they take full 

advantage of long favorable conditions. For 

example, these plants harvest more seed and 

thereby more colonize in a year with a longer 

growing season. These conditions make it difficult 

for native plants, often adapted to shorter 

growing periods, to compete, and plant 

community composition shifts [78]. 

Increased Stress on Native Species: Native 

species are stressed in a range of ways by climate 

change, including higher temperatures, water 

scarcity and altered nutrient cycles. The increase 

in these stresses reduces the resilience and 

competitive ability of native plants and increases 

their vulnerability to displacement by spread of 

invasives [79]. In particular, native alpine plants 

are highly specialized and cannot adapt fast to 

sudden changes in temperature or moisture 

availability. By contrast, these changing 

conditions enhance the survival of invasive 

ornamentals, with their high phenotypic plasticity 

and tolerance to environmental variability [80]. 

Enhanced Dispersal and Establishment: 

Dispersal and establishment of invasive plants in 

previously resistant habitats is facilitated by 

climate change. Increased temperatures and 

decreased length of the frost period, together 

increase the breadth of habitable zone for invasive 

species, extending their range upwards and 

latitudinally. Extreme weather events including 

storms and floods, common now, and increasing 

with climate change, are also sources of dispersal 

for invasive plant propagules. Once established, 

these plants also change local ecosystems to the 

point that native species have difficulty 

recovering or competing [81]. 

Interaction with Disturbance Regimes: 

Ornamental invasions are further amplified by 

climate driven disturbances, such as wildfires, 

storms and droughts. Disturbances resulting in 

these disturbances remove native vegetation and 

disturb soil structure, creating open niches. These 

disturbed areas quickly become the location of 

invasive plants, which are often fast colonizers. 

For example, regions prone to wildfire receive an 

influx of fire adapted invasive species that take 

advantage of the absence of competition and 

changed soils, amplifying a cycle of invasion and 

disturbance [82]. 

Feedback Loops between Invasion and Climate 

Change: Feedback loops that exacerbate climate 

impacts are created by invasive ornamental 

plants. Localized warming is for instance caused 

by invasive species which replace native 

vegetation with lower albedo (a measure of the 

reflective capacity, or ability to reflect and resist 

warming). In addition, they may spoil carbon 

storage processes by altering soil microbial 

communities or lowering biomass, which will 

drive climate change swiftly. These feedback 

mechanisms indicate the reciprocal relationship 

between plant invasions and climate change: one 

amplifies the other [83]. 

Implications for Management: Integrated 

strategies that address the synergy of plant 

invasion with climate change are needed. Key 

approaches include: 

• Predictive Modeling: To identify high 

risk areas and prioritize intervention 

using climate and invasion models. 

• Restoration of Native Vegetation: 

Restoring depleted coastal estuaries 

through the where and when of species 

introduction to improve ecosystem 

stability. 

• Policy Interventions: Regulating the 

introduction and spread of high risk 

ornamental plants. 

• Community Engagement: To raise 

awareness of ecological risks of invasive 

plants as well as to encourage native 

landscaping practices. 

Climate change and plant invasion synergies 

represent a major threat to biodiversity and 
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ecosystem stability. Climate change exacerbates 

ecological damage by creating conditions that 

favor invasive plants and thereby increase their 

establishment and spread. To mitigate these 

impacts requires a proactive, cross disciplinary 

approach aimed to mitigate both drivers of 

climate change and mechanisms of plant invasion. 

 

Table 11: Synergies Between Climate Change and Plant Invasion: Drivers, Impacts, and Ecological 

Consequences 

Study Climate Driver Impact on Invasive 

Plants 

Ecological Consequences Examples 

[78] Extended Growing 

Seasons 

Increased seed 

production and 

multiple reproductive 

cycles 

Displacement of native 

species; altered 

community structure 

Lantana camara 

dominating 

subtropical regions 

[79] Increased Stress on 

Native Species 

Reduced competition 

from stressed native 

plants 

Decline in native 

biodiversity; reduced 

ecosystem resilience 

Parthenium 

hysterophorus in 

drought-prone areas 

[80] Enhanced 

Dispersal and 

Establishment 

Expansion into higher 

altitudes and latitudes 

Colonization of 

previously resistant 

habitats 

Tradescantia 

fluminensis spreading 

to alpine regions 

[81] Interaction with 

Disturbance 

Regimes 

Rapid colonization of 

disturbed habitats 

Formation of invasive 

monocultures; reduced 

habitat complexity 

Cirsium arvense 

establishing after 

wildfires 

[82] Feedback Loops Altered soil properties, 

reduced carbon storage 

Accelerated climate 

impacts; disrupted 

nutrient cycling 

Imperata cylindrica in 

degraded soils 

 

For example, Table 11 summarized the synergies 

between climate change and plant invasion in a 

concise way. It shows how climate drivers like 

longer growing seasons and greater stress on 

native species are good for invasive plants. It also 

shows the cascading ecological consequences: 

biodiversity loss, altered nutrient cycles, 

formation of invasive dominated ecosystems.  

 

Case Examples from Alpine Ecosystems 

Alpine heathlands are being invaded by 

increasingly invasive ornamental plants that pose 

a threat to endemic species and alter fundamental 

ecosystem processes. These case examples 

demonstrate the mechanisms of invasion, the 

species involved, and the ecological 

consequences, and the importance of intervention 

[86]. 

Rhododendron ponticum in European Alpine 

Heathlands: Rhododendron ponticum has been 

introduced as an ornamental shrub and has 

spread widely in European alpine heathlands. It 

has a dense canopy sufficient to suppress some 

native ground flora by excluding sunlight and 

changing soil acidity by breakdown of leaf litter. 

This has resulted in a very steep decline in native 

heathland species, with fields of Calluna vulgaris 

and Erica tetralix now only minor locations in the 

landscape. In addition, R. ponticum supports 

fewer insect pollinators and hence less 

biodiversity in these ecosystems [87]. 

Lupinus polyphyllus in Scandinavian Alps: In 

Scandinavia, lupines have invaded alpine 

meadows, including Lupinus polyphyllus, the 

garden lupine. Introduced originally for 

ornamental purposes and soil stabilization, its 

nitrogen fixing capability changes nutrient cycles 

to favor its own growth and displace low nutrient 

tolerant native species such as Festuca ovina and 

Silene acaulis. Areas dominated by Lupinus 

polyphyllus reduce native plant diversity by 40% 

[88]. 

Hieracium aurantiacum in New Zealand’s 

Southern Alps: Hieracium aurantiacum is an 

important invasive species in the Southern Alps of 

New Zealand. It has a reputation for an intense 

vegetative spread through stolons and forms 

dense mats that block native seed germination. 

However, it has out competed native alpine 

grasses and herbs, thereby reducing forage 

availability for endemic herbivores such as the 
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alpine kea [89]. 

Acer pseudoplatanus in Swiss Alpine Regions: 

Acer pseudoplatanus, the sycamore maple, is now 

invading alpine zones in Switzerland, but has 

value as an ornamental and forestry species. It 

grows rapidly and produces copious seed, and it 

is capable of dominating areas previously 

occupied by native alpine shrubs such as 

Rhododendron ferrugineum. Changes in the 

resulting canopy cover affect light availability and 

microclimate conditions, which affects ground 

dwelling fauna and flora [90]. 

Impatiens glandulifera in UK Highlands: 

Impatiens glandulifera is commonly known as 

Himalayan balsam and has spread into upland 

heathlands of the UK. It is a formidable invader, 

in part, because it thrives in disturbed soils and 

has a highly reproductive rate. It displaces native 

species of Vaccinium myrtillus and 

Arctostaphylos uva-ursi, with reduced quality of 

habitat for pollinators and herbivores [91]. 

Pennisetum setaceum in North African Alpine 

Zones: Originally introduced as a landscaping 

plant, the fountain grass, Pennisetum setaceum, 

has invaded alpine ecosystems in North Africa. 

Because of its deep root system and drought 

tolerance, it has a competitive advantage over 

native grasses and herbs in arid alpine 

environments where it outcompetes the natives, 

resulting in soil erosion and changing fire 

regimes. 

Taraxacum officinale in the Rocky Mountains, 

USA: Common dandelion, Taraxacum officinale, 

may be overlooked but has invaded subalpine 

meadows in the Rocky Mountains. It is able to 

reproduce asexually and to live in a wide variety 

of conditions, making it a fast spreader of native 

wildflowers like Aquilegia coerulea, the state 

flower of Colorado. 

Berberis thunbergii in Japanese Alpine Meadows: 

The Japanese barberry has been intentionally 

introduced as a decorative plant, and is now 

spreading and invading alpine meadows in Japan. 

Due to its spiny structure, which discourages 

herbivory, it has an advantage over native alpine 

shrubs. It has spread reducing biodiversity and 

disturbing soil microbial communities important 

for the growth of native plants. 

 

Table 12: Case Examples of Invasive Ornamental Plants in Alpine Ecosystems 

Study Invasive Plant Region Impact on Native Flora Key Mechanism of Spread 

[47] Rhododendron 

ponticum 

European Alps Suppresses native ground 

flora; reduces biodiversity 

Dense canopy and soil 

acidification 

[52] Lupinus 

polyphyllus 

Scandinavian Alps Displaces low-nutrient-

tolerant species 

Nitrogen fixation and 

competitive growth 

[58] Hieracium 

aurantiacum 

Southern Alps, 

New Zealand 

Outcompetes native 

grasses and herbs 

Stolons and dense mat 

formation 

[75] Acer 

pseudoplatanus 

Swiss Alpine 

Regions 

Alters microclimate; 

impacts native shrubs 

Prolific seed production 

and rapid growth 

[76] Impatiens 

glandulifera 

UK Highlands Displaces native upland 

heath species 

High reproductive rate and 

soil adaptability 

[77] Pennisetum 

setaceum 

North African 

Alpine Zones 

Outcompetes native 

grasses; increases soil 

erosion 

Drought tolerance and 

deep root system 

[78] Taraxacum 

officinale 

Rocky Mountains, 

USA 

Reduces diversity of native 

wildflowers 

Asexual reproduction and 

environmental tolerance 

[79] Berberis thunbergii Japanese Alpine 

Meadows 

Displaces native shrubs; 

disrupts soil microbiome 

Herbivory resistance and 

competitive growth 

 

Key case studies of invasive ornamental plants 

were summarized in Table 12, which listed the 

plant, its region of origin, impacts to native flora 

and mechanism of spread. These examples 

illustrate the wide range of strategies by which 

invasive species have become dominant in alpine 

heath ecosystems, and thus emphasize the 

necessity for targeted management and 

conservation. 
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Management Strategies for Reducing 

Plant Invasion Risk 
Proactive and comprehensive management 

strategies for the increasing threat of plant 

invasion, especially from herbaceous ornamental 

plants, are needed. Intervention is most effective 

when it is initiated early and monitored 

constantly, and when a response is made quickly 

and restoration is done over a long period of time. 

The follow is a section on the key strategies to 

mitigate the risk of plant invasion using new and 

proven technology, community association with 

the same and the policy that can protect the 

vulnerable ecosystem [86]. 

 

Early Detection and Monitoring 

Invasive species management is strongly 

dependent on early detection and monitoring. 

Targeted interventions in response to invasive 

plant identification before widespread 

distribution are more cost effective and 

ecologically sustainable. Through community 

engagement advanced techniques can make 

monitoring programs more accurate and efficient 

[85]. 

Remote Sensing and GIS Mapping: Remote 

sensing and Geographic Information System (GIS) 

are becoming increasingly powerful monitoring 

tools for invasive plant species. Vegetation 

patterns can be detected over large areas using 

satellite imagery, drone surveillance and aerial 

photography. The technologies allow researchers 

to map the spread of invasive species over time 

and determine where and how they are spreading 

[88]. Hyperspectral imaging can, for example, 

discriminate native from invasive plant species by 

their spectral signatures. Then GIS tools can 

integrate this data into predictive models to 

predict where future invasions are most likely to 

occur. 

Citizen Science Initiatives: One of the best ways 

to expand monitoring efforts is to involve local 

communities interested in citizen science. Mobile 

applications and online platforms are used by 

community members, including hikers, farmers 

and recreational park visitors to report invasive 

plant sightings [89]. Here, we show how 

programs such as iNaturalist and the Global 

Biodiversity Information Facility (GBIF) have 

enlisted citizen scientists to provide valuable data 

on invasive species distribution. This dynamic 

brings about not only the better collection of the 

data but also public awareness of the ecological 

consequences of invasive plants [90]. 

Periodic Ecological Surveys: To monitor the 

progress of invasive species, and assess their 

impacts on native ecosystems, regular ecological 

surveys by trained professionals are particularly 

important. On the ground surveys collect plant 

populations, habitat conditions and ecological 

changes. In addition, these surveys can identify 

new invasive species introductions, and can serve 

as a baseline for evaluating the effectiveness of 

management interventions [91]. 

Integration of Techniques: When combined, 

these approaches improve the robustness of 

monitoring programs. For example, remote 

sensing can generate data at the broad scale, but 

ecological surveys can validate what is found at 

the ground level. The missing link are citizen 

science efforts that provide real time observations 

from many different locations to build a 

comprehensive monitoring framework [110]. 

Challenges and Opportunities: However, early 

detection and monitoring are fraught with limited 

funding, technological barriers, and data 

integration barriers. But partnerships can be 

formed between government agencies, research 

institutions and community organizations to 

overcome these hurdles. Many of the gains also 

come through advancements in machine learning 

and artificial intelligence, including better 

accuracy in invasive species identification and 

predictive modelling [92]. 

Foundations for managing plant invasions are 

effective early detection and monitoring 

strategies. Using technology, engaging in 

community involvement, and using systematic 

surveys stakeholders can identify and address 

invasive threats before they grow, thus reducing 

the ecological and economic impacts [93]. 

 

Table 13: Comparison of Monitoring Techniques for Early Detection of Invasive Plants 

Study Monitoring 

Technique 

Advantages Limitations Examples of Application 
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[89] Remote Sensing Covers large areas; 

detects patterns over 

time; high accuracy 

Expensive equipment; 

requires technical 

expertise 

Hyperspectral imaging 

to track invasive spread 

[90] GIS Mapping Integrates spatial data; 

predicts high-risk areas 

Relies on quality input 

data; requires validation 

Predictive models for 

invasive hotspots 

[91] Citizen Science Expands geographic 

reach; engages 

communities 

Inconsistent data quality; 

limited expertise of 

participants 

iNaturalist platform for 

invasive plant sightings 

[92] Periodic 

Ecological 

Surveys 

Ground-truths remote 

sensing data; detailed 

local insights 

Resource-intensive; 

limited to smaller areas 

On-site assessments of 

invasive plant 

populations 

[93] Integrated 

Approaches 

Combines multiple data 

sources for robust 

monitoring 

High coordination 

requirements; costly 

implementation 

Integration of remote 

sensing with on-ground 

surveys 

 

Various methods for early detection of invasive 

plants were summarized in Table 13. Different 

techniques have their own advantages: remote 

sensing for the broad scale, citizen science for the 

community. Nevertheless, comprehensive 

monitoring requires integrated approaches given 

limitations of costs, data quality and resource 

requirements [94]. 

Control and Mitigation 

Controlling and mitigating invasive plant species 

is crucial if we are to prevent their ecological 

impacts and effective strategies for doing do are 

needed. The focus of these strategies is to 

eliminate or reduce populations of invasives and 

to stop dissemination, as well as to restore native 

ecosystems [95]. The optimal outcome requires a 

combination of mechanical, chemical and 

biological approaches that vary, depending on the 

context of the invasion. 

Mechanical Removal: Mechanical removal is the 

physical removal of invasive plants (and roots) to 

prevent subsequent regrowth. This is a very 

effective method for localized infestations, and is 

used where chemical or biological methods are 

not possible, for example, where water bodies are 

nearby or in sensitive habitats [96]. Techniques 

include: 

• Manual Removal: Manual removal is 

labor intensive but precise and is effective 

for small infestations or high ecological 

value areas. 

• Machine Assisted Clearing: Heavy 

machinery like an excavator or mowers 

can quickly clear large scale invasions of 

vegetation but does this without 

disturbing soil and native plants. 

Mechanical removal works well short term, but 

requires follow up treatments to prevent regrowth 

from remaining roots or seeds. 

Chemical Control: Herbicides are used to control 

invasive plants selectively, with chemical control. 

This method is especially useful for managing 

widespread infestations which cannot be 

managed by mechanical means [96]. Common 

chemical control strategies include: 

Spot Application: Herbicides are applied to 

individual plants so that they do not damage 

native species. 

Broad-Spectrum Spraying: This method, which 

uses herbicides to spray a wide area, is used for 

large infestations, but could affect non target 

plants and soil health. 

Most herbicides for invasive species management 

include glyphosate and triclopyr. Yet the 

application of their use must be planned with care 

in order to minimize an environmental risk of 

contamination of water sources or deleterious 

effects on non-target organisms [97]. 

Biological Control: Biological control is the 

introduction into the environment of natural 

predators, pathogens or herbivores to control the 

population of certain plants. This is an 

environmentally sustainable, cost-effective long-

term method especially for invasive species that 

have no native competitors or predators [98]. 

Examples of biological control agents include: 

Insects: Those beetles or weevils that feed only on 

the target invasive plant. 

Fungal Pathogens: These introduced pathogens 
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reduce the competitive ability of invasive plants 

by infecting and weakening them. 

Among species such as Parthenium 

hysterophorus and Lantana camara, biological 

control is successfully implemented. Yet rigorous 

testing is needed to make sure that control agents 

do not harm native flora or fauna. 

Integrated Approaches: In most cases, the best 

results are obtained by combining mechanical, 

chemical, and biological control methods. 

Mechanical removal can be followed by spot 

herbicide application to treat residual plants, 

while biological agents can be introduced to 

control longer term regrowth. Adaptive 

management is facilitated by integrated 

approaches, which facilitate practitioners’ ability 

to respond to changing conditions and invasion 

dynamics [99]. 

 

Challenges and Considerations: One challenge to 

control and mitigation strategies for invasive 

plants is resource constraints, non-target impacts, 

and resistance development. It also is hindered by 

public opposition to the use of chemical control or 

the release of biological agents. Addressing these 

challenges requires: 

 Community support building based on 

stakeholder engagement. 

 The development of safer herbicides, and 

targeted biological agents. 

 Monitoring and evaluation to assess 

effectives of control measures and 

ecological impact. 

 

Control and mitigation strategies are vital tool for 

managing invasive plant species, but they are 

only as good as the careful planning, execution 

and integration. The methods are tailored to the 

particular characteristics of the invasion and the 

surrounding environment, increasing the 

effectiveness and sustainability of outcomes for 

stakeholders. 

 

Table 14: Comparison of Control and Mitigation Methods for Managing Invasive Plants 

Study Control 

Method 

Effectiveness Scalability Environmental 

Impact 

Examples 

[105] Mechanical 

Removal 

Highly effective for 

small-scale, 

localized 

infestations 

Limited to 

small or 

medium areas 

Low if done 

carefully; can 

disturb soil 

Manual removal of 

Rhododendron 

ponticum 

[106] Chemical 

Control 

Effective for large 

infestations when 

used selectively 

Suitable for 

large-scale 

operations 

Moderate to high; 

risks of non-target 

effects 

Spot application of 

herbicides for 

Lantana camara 

[107] Biological 

Control 

Long-term 

solution; works 

well with specific 

targets 

Scalable for 

widespread 

infestations 

Minimal when 

agents are species-

specific 

Introduction of 

beetles for 

Parthenium 

hysterophorus 

[108] Integrated 

Approaches 

Most effective 

when combining 

methods 

Scalable across 

all infestation 

levels 

Varies based on 

methods used 

Manual removal 

followed by 

herbicide application 

 

The main methods for controlling invasive plants 

are summarized in Table 14, comparing their 

effectiveness, scalability, environmental impacts, 

and example of application. Often the most 

comprehensive and sustainable results are 

obtained by integrated approaches combining 

mechanical, chemical, and biological methods, 

especially for complex or large-scale invasions. 

 

Research Gap and Future Directions 
Despite significant progress in deciphering the 

herbaceous ornamental plants’ role in plant 

invasions and their interactions with climate 

change, there is still a gap in the current literature. 

Such gaps need to be addressed in order to 

develop effective management strategies and to 

protect the biodiversity of subtropical urban parks 

and alpine heath ecosystems. Existing research 

gaps are highlighted and future research direction 

is suggested in this section. 
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Research Gaps 

1. Limited Understanding of Long-Term 

Impacts: In most studies, immediate ecological 

impacts of invasive ornamental plants are studied. 

Yet, their dominance has had little long term 

consequences studied: changes in ecosystem 

resilience, nutrient cycling, and functional 

diversity. More must be done to explore the 

interplay between invasive plants and ecosystem 

processes over decades. 

2. Lack of Comprehensive Monitoring 

Frameworks: Although remote sensing or citizen 

science monitoring have been explored 

individually, yet integrated frameworks are 

needed to monitor using these multiple 

techniques holistically. The lack of standard 

protocols makes monitoring efforts unscalable 

and unreplicable. 

3. Inadequate Focus on Synergies with Climate 

Change: The combined effect of climate change 

and plant invasions has received little attention. 

More attention is needed to synergistic 

interactions such as how climate driven shifts in 

phenology impact the invasion dynamics of 

ornamental plants. 

4. Underrepresentation of Socioeconomic 

Factors: Most studies do not include drivers of 

socioeconomic nature, including urbanization 

patterns, horticultural practices or public 

awareness, in their modelling of invasion risks. 

Human dimensions need to be understood for 

effective intervention design. 

5. Limited Application of Predictive Modeling: 

Few such predictive models exist that include 

climate projections, land use changes, and species-

specific traits. Such models are needed to predict 

future invasion scenarios and to identify areas of 

priority for management. 

Future Directions 

1. Long-Term Ecological Studies: Valuable 

insights into temporal dynamics of invasions can 

be gained by establishing long term observational 

studies or experimental plots in subtropical urban 

parks and alpine heaths. Ecosystem processes 

under invasive dominance, including nutrient 

cycling and carbon storage, should be the focus of 

these studies. 

2. Development of Integrated Monitoring 

Frameworks: It is future research that should 

work to further development of integrated 

monitoring systems that combine remote sensing, 

citizen science and ecological surveys. However, 

these frameworks can contribute to early 

detection capabilities and provide full data for 

management decision making. 

3. Investigation of Climate-Invasion Synergies: 

Quantification of the combined effects of climate 

change and plant invasions on biodiversity and 

ecosystem functions requires further studies. 

These interactions can be clarified using 

experimental setups that simulate climate change 

scenarios (e.g. warming chambers, precipitation 

manipulations). 

4. Socioeconomic and Policy Research: One 

aspect of interdisciplinary research should focus 

on how socioeconomic factors influence invasion 

risk. Current policies regulating ornamental plant 

trade could be studied for their effectiveness and 

community engagement integrated into 

management strategies could be assessed. 

5. Application of Advanced Modeling 

Techniques: It can be done through the use of 

machine learning and artificial intelligence to 

develop predictive model that can indeed be acted 

upon by (policy) makers and land managers. 

Variable such as species traits, climate projections, 

and land use patterns should be included in these 

models to identify high risk areas and to prioritize 

interventions. 

6. Focus on Restoration Ecology: Future work 

should also consider post-invasion recovery 

through studies of best practices for native 

vegetation and ecosystem service restoration. The 

successful restoration efforts will depend crucially 

on research on seed bank dynamics, soil 

rehabilitation and reintroduction of native 

species. 

7. Global Comparative Studies: Case study 

comparisons across regions may exhibit universal 

patterns of plant invasion dynamics and context 

specific differences. By applying this approach, 

generalizability of findings may be improved and 

the global perspective on the issue is enhanced. 

To bridge these research gaps, it requires a 

multidisciplinary approach that combines 

ecological, socioeconomic and technological 
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perspective. Future research can improve our 

understanding of plant invasion dynamics and 

can be more effective in providing management 

strategies to mitigate plant invasion. Because the 

ecological and economic impacts of invasive 

ornamental plants will require collaborative 

efforts between scientists, policymakers and 

communities. 

Conclusion 
Increasingly herbaceous ornamental plants are 

being recognized as important contributors to the 

plant invasion risk in subtropical urban parks and 

alpine heath ecosystems. Often their introduction 

is intentional for aesthetic or economic reasons 

and often ignores their invasive potential, creating 

major challenges to native biodiversity, ecosystem 

stability and the services these ecosystems 

provide. The combination of climate change to 

alter temperature, precipitation, and disturbance 

regimes, as well as to create favorable conditions 

for invasives to establish and spread, greatly 

exacerbates these risks. Invasive ornamental 

plants and climate change call for combined 

efforts of multi-disciplinary approach to 

conservation and management. Maligning these 

threats requires integrating ecological research 

with the planning and implementation of urban 

policy. Strategies for the early detection and 

monitoring of this newly discovered species, and 

strategies for minimizing impact if it becomes 

established include: 1) Setting priorities for 

planting native plants in urban landscaping, 2) 

Implementing comprehensive early detection and 

monitoring programs, and 3) Implementing 

targeted control and mitigation measures. These 

efforts may aid the ecological balance of urban 

parks and minimize the adverse effect of the 

invasive species. Research and management 

should move in the future towards predictive 

modeling of invasion risks under different climate 

scenarios and towards innovative control 

techniques targeted to particular ecosystems. 

Scientist, policymakers, and local community 

collaboration is going to be necessary to develop 

sustainable solutions. Safeguarding the 

biodiversity and functionality of subtropical 

urban parks and alpine heath ecosystems for 

future generations is possible by dealing with the 

dual challenge of plant invasions and climate 

change. 
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