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Summary 

 

Coastal ecosystems are crucial for their dynamic interplay between land and sea, and face 

increasing risks from biological invasion. The introduction of species beyond their natural ranges, 

may disrupt the delicate balance of the invaded habitats, impacting their ability to provide essential 

services and support native biodiversity. This report outlines the methodologies employed and the 

results achieved in controlling three IAS the Acacia saligna, Agave americana, and Carpobrotus 

edulis, in Barreta island in Ria Formosa SPA, and of the awareness and engagement activities 

developed with local populations, from 2020 to 2023. 

Over four years all invasive plants of Barreta island were controlled, nearly 1.6 ha were removed 

through a collaborative effort of volunteers and project staff.  For A. saligna and A. americana, the 

control methodology combined cutting and herbicide application, while for C. edulis control, two 

methodologies were tested, manual removal and the use of mulching sheets. 

To test the effectiveness of the different control measures a total of thirty-four monitoring plots 

(2x2m) were established and monitored until April 2023. With the exception of the mulching sheet 

plots, all other methods had regrowth of the target invasive species, with A. americana having the 

highest cover percentage. For A. saligna the growth of sprouts occurred at least 9 months after 

control, while for A. americana and C. edulis sprouts keep growing until the last monitoring, 14 

months and 2 years after the control, respectively. Vegetation recovery was recorded in all plots 

with an increase in native vegetation cover over time. This increase was particularly evident in plots 

where C. edulis was removed through mulching sheets. However, there were also the colonization 

of exotic species or other invasive species in plots of all target invasive species. In relation to native 

species richness, only plots of C. edulis treated with mulching sheets registered a mean increase 

over time. For controlling C. edulis the use of mulching sheets seems to be more efficient than 

manual removal, but regular monitoring is still necessary to test its effectiveness in controlling the 

seed bank. Further research should be made in testing alternative control methods for A. 

americana, as the one tested here required great effort for poor efficiency.  

This report also highlights the importance of community involvement in conservation initiatives that 

can lead to lead to better compliance with control measures and more responsible behavior. Also 

local authorities and municipalities have a crucial role in dynamizing and implementing control 

actions in small communities, and in verifying the compliance with the law against intentional 

planting and spreading of invasive plants. 

The long-term management of IAS is an ongoing challenge that need sustained monitoring and 

outreach initiatives to protect the critical coastal ecosystems. 

 

Resumo 

 

Os ecossistemas costeiros são cruciais para a sua interação dinâmica entre a terra e o mar e 

enfrentam riscos crescentes de invasão biológica. A introdução de espécies para além da sua área 

de distribuição natural pode perturbar o delicado equilíbrio dos habitats invadidos, afectando a sua 

capacidade de fornecer serviços essenciais e sustentar a biodiversidade nativa. Este relatório 

descreve as metodologias utilizadas e os resultados alcançados no controlo de três espécies 

exóticas invasoras (Acacia saligna, Agave americana e Carpobrotus edulis), na ilha da Barreta, e 

das atividades de sensibilização e envolvimento desenvolvidas com as populações locais, entre 

2020 a 2023. 
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Ao longo de quatro anos, todas as plantas invasoras da ilha da Barreta foram controladas, à volta 

de 1,6 ha foram removidos através de um esforço colaborativo de voluntários e funcionários do 

projecto. Para A. saligna e A. americana a metodologia de controlo combinou o corte e aplicação 

de herbicida, enquanto para o controlo de C. edulis foram testadas duas metodologias, a remoção 

manual e uso de telas de solarização. 

Para testar a eficácia das diferentes medidas de controlo, foram estabelecidas e monitorizadas um 

total de trinta e quatro quadrados de monitorização (2x2m) até abril de 2023. Com exceção de 

quadrados dtratados com tela, todos os outros métodos tiveram rebentos da espécie invasora alvo, 

com A. americana tendo a maior percentagem de cobertura. Para A. saligna o crescimento dos 

rebentos ocorreu pelo menos 9 meses após o controlo, enquanto para A. americana e C. edulis os 

rebentos continuaram a crescer até à última monitorização, 14 meses e 2 anos após o controlo, 

respectivamente. A recuperação da vegetação foi registrada em todos os quadrados com o 

aumento da cobertura vegetal nativa ao longo do tempo. Este aumento foi particularmente evidente 

onde C. edulis foi removido através de telas. No entanto, também houve colonização de espécies 

exóticas ou outras espécies invasoras em quadrados de todas as espécies invasoras alvo. Em 

relação à riqueza de espécies nativas, apenas os quadrados de C. edulis tratadas com telas 

registraram um aumento médio ao longo do tempo. Para o controlo de C. edulis a utilização de 

telas de solarização parece ser um método mais eficiente do que a remoção manual, mas ainda é 

necessária uma monitorização regular para testar a sua eficácia no controlo do banco de 

sementes. Mais pesquisas devem ser feitas no teste de métodos alternativos de controle para A. 

americana, pois o que foi testado exigiu um grande esforço por uma baixa eficiência. 

Este relatório também destaca a importância do envolvimento da comunidade em iniciativas de 

conservação que podem levar a um melhor cumprimento das medidas de controlo e a um 

comportamento mais responsável. Também as autoridades locais e os municípios têm um papel 

crucial na dinamização e implementação de ações de controlo em pequenas comunidades, e na 

verificação do cumprimento da lei contra a plantação intencional e propagação de plantas 

invasoras. 

A gestão a longo prazo das espécies exóticas invasoras é um desafio constante que necessita de 

iniciativas sustentadas de monitorização e divulgação para proteger os ecossistemas costeiros 

críticos. 
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1 | Introduction 

 

Coastal ecosystems, characterized by their dynamic interface between land and sea, are among 

the most diverse and productive habitats on our planet. These habitats, including sandy dunes and 

intertidal zones, provide crucial ecosystem services such as shoreline stabilization, nutrient cycling, 

and habitat provision for numerous species. However, the delicate balance of these ecosystems is 

increasingly threatened by a phenomenon that has gained significant attention in last decades: 

biological invasion (Simberloff & Rejmánek, 2011). Biological invasion, often referred to as invasive 

species introduction, occurs when non-native species are introduced to an ecosystem outside their 

natural range. These species, lacking natural predators and competitors in their new environment, 

can proliferate rapidly and outcompete native species for resources (Crooks & Soulé, 1999).  

In this context, dunes play a pivotal role in protecting coastlines from erosion and storm surges. 

The intricate network of plants that colonize dunes stabilizes the sand, preventing its movement by 

wind and water. This natural defense mechanism is finely tuned to withstand the harsh conditions 

of coastal environments. However, the invasion of non-native plant species can disrupt this delicate 

equilibrium. As these invaders gain a foothold, they can displace native vegetation, altering the 

dune structure and ultimately reducing their ability to protect against erosion. 

Coastal habitats, particularly dunes and intertidal zones, are particularly vulnerable to biological 

invasions due to their unique physical and ecological characteristics. In recent decades, the 

acceleration of global trade and travel has facilitated the movement of species to new regions at 

an unprecedented rate. As a result, the impacts of biological invasion have become a critical 

concern for ecologists, conservationists, and policymakers. Understanding the mechanisms driving 

these invasions and the subsequent effects on coastal habitats is imperative for the effective 

management and conservation of these valuable ecosystems. 

Dune plant communities form very dynamic ecosystems, with many open spaces that allow the 

quick settlement of some invasive species. Some of these species have short life-histories and 

grow very fast, in such a way that they create a significant seed bank that ensures the survival of 

the population (Arctotheca calendula). Others grow more slowly by means of rhizomes, stolons, 

etc., so that with time they succeed in excluding any possible competition (Carpobrotus edulis). 

The continuous human flow in these habitats, especially in summer, ensures the constant arrival 

of propagules from many different habitats (Campos et al., 2004). These habitats, especially the 

dunes, favours the expansion of some of these invasive alien species (IAS) such as Arctotheca 

calendula, Cortaderia selloana, Carpobrotus edulis (Campos et al., 2004). 

This document aims to be the final report for Action C.1 of the LIFE Ilhas Barreira project, which 

focuses on the control of invasive alien plants and the management of vegetation cover in critical 

areas. The report describes all methodologies employed and presents the results obtained. 

Additionally, it evaluates the effectiveness of the control of three invasive alien species (IAS) on 

Barreta Island, the Carpobrotus edulis, Acacia saligna, and Agave americana.  
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1.1 Deliverable context and objectives within the project 
 

This report is part of the project topic C (Conservation actions), and aims to properly assess and 

understand dune conservation measures implemented in Project Actions on Barreta and Culatra 

islands. These monitoring activities contributed to achieve the following specific objectives: 

 

 Understand the main threats to the target species (Audouin’s Gull Larus audouinii and Little 

Tern Sternula albifrons) and habitats, both on land and at sea (objective 1); 

 Restore the grey dunes habitat and assess the effect of gulls on this habitat (objective 2); 

 Promote the sustainable use of the Ria Formosa barrier islands and marine area, focusing 

on fisheries and tourism (objective 3); 

 Assess the impact of climate change and other drivers of change on the eco-morphology 

of the barrier islands system (objective 4). 

 

 1.2 Approach 
 

The implementation of control measures occurred subsequent to the comprehensive mapping of 

patches of IAS on Barreta Island, as delineated in Action A1, which involved the mapping and 

monitoring baseline information pertaining to both native and non-native plant species. The proce-

dural framework for implementing control measures, and the actual execution of these measures 

was undertaken by a collective effort involving SPEA staff, volunteers, and Ria Formosa Natural 

Park wardens. 

 

1.3 Target species 
 

Acacia saligna 

Tree or shrub that can reach 8 meters in height, originating from Australia and Tasmania, found in 

various locations along the coast of the Iberian Peninsula after escaping cultivation as an ornamen-

tal plant. It is evergreen, with smooth to slightly cracked epidermis ranging from dark brown to gray 

in color. The leaves are reduced to phyllodes without stipules. The inflorescences are composed 

of yellowish flowers, and flowering occurs from February to April. The fruit is a small, elongated 

pod, straight or somewhat twisted, measuring 5 to 14 cm.  

Many Acacia species were introduced for ornamental purposes and erosion control in coastal 

dunes. Acacia species induce simultaneous changes in the above- and below-ground communities, 

microclimates, soil moisture regimes and soil nutrient levels (Marchante et al., 2008; Yelenik et al., 

2004). Many changes are directly attributable to key traits of Acacia species such as i) their rapid 

growth rates and ability to out-compete native plants, ii) their capacity to accumulate high biomass, 

iii) large, persistent seed banks, and iv) their capacity to fix nitrogen. Acacia saligna produces large 

numbers of long-lived, hard-coated seeds that can remain dormant in the soil (Milton & Hall, 1981), 

and seed banks over 40,000 per m2 have been recorded (Holmes et al., 1987). The species also 

reproduce vegetatively, forming vigorous sprouts from the stump and the roots (Invasoras, 2021). 

The main impact of A. saligna is the formation of very dense populations inhibiting the development 

of native vegetation and the production of nitrogen-rich litter, which promotes soil change (Invaso-

ras, 2021). 

 

Agave americana 

The Agave or Century plant is considered a perennial herb, very robust, that can reach a height of 

8 meters. It originates from Mexico and the western United States. In Portugal, it is cultivated for 

gardens and hedges. 
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This plant with fleshy, light green to bluish-green leaves (1 to 2.5 m in length x 15 to 30 cm in width) 

has spiny margins and an apical spine. Flowering occurs once in the plant's life around 20 to 30 

years: the plant dies after flowering. Flowering takes place between May and June. The flowers are 

yellow-green (7-9 cm), grouped in a large panicle. The fruits are triangular, oblong capsules con-

taining black seeds. The large leaves create shadow that inhibits the development of native vege-

tation. Seeds have high germination capacity, most seedlings die 8–9 days after germination 

(Arizaga & Ezcurra, 2002). Agave also have clonal mechanisms of reproduction. Throughout their 

life span, agaves produce rhizomes, the apical meristems which give rise to new individuals 

(Arizaga & Ezcurra, 2002). Agave tends to occupy the space with a dense network of rhizome 

offshoots that could draw resources and hence affect the status of native species (Badano & Pug-

naire, 2004).  

 
Carpobrotus edulis 

The Ice plant or Hottentog fig is a plant that was brought from South Africa and introduced to various 

countries for ornamental and medicinal purposes, as well as to stabilize sand dunes and control 

soil erosion. In Portugal, the ice-plant has also spread uncontrollably. It is a perennial, succulent 

plant, and its stems can reach several meters in length. The leaves are fleshy, erect, and triangular 

in shape. The flowers are solitary, yellow, or pink with yellow stamens. Flowering occurs between 

March and June. Its fruits are fleshy and black in color. Once established, the Ice plant continues 

to grow and, the mats gradually become thicker, increasing the organic matter. These results in the 

change of the chemical properties of the soil (increased nitrogen and carbon content and reduced 

pH), which, in turn, has serious consequences for the germination, survival, growth and reproduc-

tion of other plants. In the diverse coastal habitats of Portugal and the Mediterranean basin, the Ice 

plant forms nearly impenetrable mats, which eliminate the autochthonous vegetation (Campos et 

al., 2004).  
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2 | Methodology 
 

 

2.1. Intervention area 
 

The barrier islands are included in the Ria Formosa Special Protected Area (SPA), designated as 

PTZPE0017. Ria Formosa constitutes a complex coastal lagoon system, encompassed by five 

barrier islands (Barreta, Culatra, Armona, Tavira, and Cabanas) along with two peninsulas (Ancão 

and Cacela), which extends over 60 km. Additionally, Ria Formosa is classified as a Natural Park 

and an area of Special Conservation Interest (PTCON0013). The Algarve´s Barrier Island system 

exhibits several unique characteristics that differ from more widely studied systems (Pilkey et al. 

1989). As a result, the Algarve barrier islands exist in equilibrium between island-degrading spring 

tides and the various processes of island construction. The barrier islands and, in particular, the 

dune zones, are areas of high flora and fauna interest. Besides their intrinsic importance, these 

islands are home to several endemic plant species, priority bird species, as well as priority habitats. 

During 2020 and 2021 a comprehensive assessment of baseline information on invasive plants 

(Fagundes et. al, 2021)    was conducted for all Barrier Islands. In addition, the distribution of native 

plants on Barreta island was also assessed (Fagundes et. al, 2022). 

To safeguard the priority habitat of grey dunes and threatened native plants, several control 

measures of IAS were implemented to remove all invasive plants from Barreta island. Prior to the 

control phase, the location of areas with invasive plants was carried-out by photo-interpretation of 

aerial photos of the island from 2014, and later validated in the field using a GPS. The distribution 

maps of invasive plants on Barreta island can be found on Annex A. 

In addition, demonstration tests near houses in the inhabited island of Culatra were developed by 
removing invasive species followed by the seedling of native species, in close collaboration with 
the house owners. These demonstration tests aimed to aware local people for the problem of the 
invasive species and how native species can be used to secure the sand. 

 

2.2. Methodology/protocols for the control of IAS 
 

Aet of control protocols were implemented between January 2020 and January 2023. The method-

ology compiled the removal of all patches and the management of shoots using different techniques 

as described bellow, depending on the invasive species consedered. To increase the speed of 

colonization and spread of native species a set of seeds (mix of Thymus carnosus, Armeria spp., 

and Linaria spp.)  collected in Barreta island were sown in the areas where invasive plants were 

removed. 

 

Acacia saligna 

For mature Acacia saligna, the chosen approach involved the combined cutting and herbicide ap-

plication methodology (Fig. 1). Trunks were cut as closely to the ground as feasible using chain-

saws and hand saws, followed immediately by the application of the herbicide (containing glypho-

sate with a concentration of 33%) to the cut stump, within seconds. Following the Portuguese 

law and the European Union legislation the handling and application of herbicides requires 

a permit and an attendance of a certified course by the person administering it. 

All A. saligna trees were controlled in 2021, following with monitoring of controlled areas and hand 

pull or cutting the subsequent regrowth/shoots until vitality was lost. Most of the cut trunks and 

branches were collected and burned in a controlled manner in a container.  
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Figure 1 | Control and removal of Acacia saligna on Barreta island, through cutting (left) and herbicide application (right). 

 

Agave americana 

Control and eradication protocols for A. americana were tailored to the size of the plant. Smaller 

plants were manually uprooted using hoes and shovels to extract underdeveloped rhizomes. Con-

versely, larger or mature plants underwent a combined approach involving cutting and herbicide 

application (Fig. 2). Leaves were trimmed as close to the ground as possible using handsaws, 

followed by the injection of herbicide (containing glyphosate with a concentration of 5%) into the 

stump area. The use of chainsaw was ocassionally used for cutting the leaves, although it is not 

advised, since that method spread bits of the plant, and the stump area has many filaments making 

harder the injection of the herbicide. As Agave spp. sap is extremely irritating to the skin, causing 

swelling, redness, and skin sores, the use of protection clothing while cutting was advised, including 

gloves, long sleeves, trousers, and glasses. The control of A. americana started in 2021 followed 

by monitoring of controlled areas and the removal of any subsequent regrowth/shoot was ad-

dressed through manual intervention. 
 

  
Figura 2 | Control and removal of Agave americana on Barreta island, through cutting (left) and herbicide application (right). 

 

Carpobrotus edulis 

To remove the Caprobrotus edulis, two methodologies were used: manual removal through hand-

pulling of plants and their roots, and the use of mulching sheets (Fig. 3). The use of mulching sheets 

is a technique previously used in Italy within the scope of LIFE RESTO CON LIFE (LIFE13 

NAT/IT/000471), which involves covering extensive areas with mulching sheets, that favour evap-

oration and cause the plant to die from dryness, a technique also known as tarping or solarisation 

(Lazzaro et.al, 2023). 



 

11 

To test the efficiency of the mulching sheets, 4 areas of thick mats of C. edulis were selected. The 

sheets used were polypropylene woven ground covers and were stacked to the ground by piles of 

sand. Bags of polypropylene filled with sand were also tested, but after a few months they started 

to fall apart. The use of ground pegs was also tried but they proved to not be good in the sandy 

substrate. The mulching sheets were placed during warmer periods in spring or early summer and 

removed after 2 to 4 months later after checking for complete dryness of the plants. Dried plants 

were not removed from the controlled areas. The control of C. edulis started in January 2020 

through manual removal, and in June of the same year with the use of the mulching sheets. After 

the control of the patches followed the monitoring of controlled areas and the removal of any sub-

sequent regrowth/shoot. 

 

  
Figura 3 | Control and removal of Carpobrotus edulis on Barreta island, through hand-pulling (left) and mulching sheets 
(right). 

 

2.3. Monitoring effectiveness of control 
 

On Barreta Island, a total of 34 plots, each measuring 2x2m, were permanentely established to 

monitor vegetation recovery and effectiveness of the intervention (Fig. 4).  

From the 34 plots, 14 plots were located where C. edulis was removed, 10 in areas covered with 

mulching sheets, and during the first 6 months of monitoring 4 plots in areas of manual removal, 

later becoming 2 plots due to the theft of the delimitation material. The placement of these plots and 

subsequent monitoring begun in February 2021, between 7 to 12 months after the manual removal 

of the original patches of C. edulis, and in December 2020 in the mulching sheet plots, 1 month 

after their removal. 

In the control areas of A. americana 10 plots were placed in February 2022, between 2 to 5 months 

after the control. Alsoin February 2022 1010 plots in control areas of A. saligna were placed, 

between 4 to 9 months after the control. 

All plot monitoring activities were conducted until April 2023.In each plot monitoring, a 

comprehensive identification of all present taxa was performed, and vegetation cover (%) was 

estimated through visual observation. Monthly sampling was conducted whenever possible. The 

cover proportion of each plant species was meticulously recorded, along with the percentages of 

bare soil, sand, rock, and organic matter (dry or decomposing). After the identification and 

recording, each species was classified into the categories of exotic, invasive, native, unknown 

species, and soil. The "soil" category represented the combined cover of sand, bare ground, and 

organic matter in a dry or decomposing state. Data was collected using a form (see annex B) or in 

an electronical form (build on ©CyberTracker). 
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Figure 4 | Location of plots for monitoring the vegetation recover after IAS control.  

 

The coverage of all categories was used to assess the effectiveness of control techniques. To 

control the seed bank and resprouting of shoots, IAS new shoots in all controlled arreas were 

frequently removed, including those found within the plots. This proactive approach aimed to 

mitigate the spread and impact of IAS on Barreta.In some cases, to facilitate visualization and data 

analysis, the monitorings were grouped in three periods: the initial 6 months of the monitoring, 

between 6 months to 1 year, and from 1 year to +2 years after the beginning of the monitoring. 

 

2.4. Engaging communities and removal trials on Culatra Is-

land 
 

The engagement of local communities in the control of invasive plants is essential for effective, 

sustainable, and culturally sensitive management. Community engagement provides an opportunity 

to educate local residents about the importance of controlling invasive plants and the methods for 

doing so. Increased awareness can lead to better compliance with control measures and more 

responsible behavior to prevent further spread.  

As Barreta island it is not inhabited, actions aimed to aware the local population for the problem of 

the invasive species focused in the inhabitants of the other Barrier islands, Olhão and Faro 

communities. 

Public sessions, pratical demonstrations of the control methods, and desssimation of projet results 

to the general public and local authorities were planned throughout the project period. 

At Culatra Island a demonstration test was implemented in 3 areas near houses to remove invasive 

species (Fig. 5). The selected areas were chosen based on the owners will to remove the invasive 

species present, and involved the collaboration of the captaincy of Olhão in the Santa Maria 

lighthouse area, the owner of a restaurant, and an owner of a private house. 

To remove the plants, the same methodologies described in the section 2.2 were used, depending 

on the target species. 
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Figure 5 | Location of the trial areas (yellow) in Culatra island for the removal of invasive species. 
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3 | Results 

 

3.1. Control of IAS in Barreta Island   

Since 2020 a great effort has been done to remove IAS plants from Barreta Island. Finally, in Jan-

uary of 2023 all patches of the three species were removed. Between 2020 and 2023, approxi-

mately 1.6 hectares of invasive plants were successfully removed from Barreta (Fig. 6).  From 2020 

to 2023 a total of 837 hours has been dedicated to this task, corresponding to 142 days of work 

(table I). From the control methods used, the removal of C. edulis by manual removal had the least 

personnel cost, and the most the removal of A. americana. The higher value registered for A. amer-

icana is due to the higher human effort necessary to the complete removal of these plants. The 

herbicide takes severall months to dry completely the plant, and the removal of the roots and dead 

organic matter without machinery requires a lot of time.   

To add to the personnel costs, the total cost of IAS removal should include protective gear, mate-

rials and work tools for all methodologies. 

 
Figura 6 | Removed area of the three IAS between 2020 and 2023 in Barreta island. 

 

Table I | Removed area of the three IAS in Barreta island between 2020 and 2023, and human effort and personnel cost 
needed. For the calculation of the person—days effort, 6 hours of work per day were considered, and for the personnel cost 
a daily rate of 114€. 

 

Species Removed 
area m2 

Human 
effort (per-
son-hours) 

Human 
effort (per-
son-days) 

Personnel 
cost (€)*m2 

Carpobrotus edulis - manual removal 12936,10 499,1 84 0,74 

Carpobrotus edulis - mulching sheets 1480,57 58,1 10 0,77 

Agave americana 996,83 240,1 41 4,69 

Acacia saligna 618,75 39,3 7 1,29 

Total 16032,25 836,6 142 7,49 

 

  

0 2000 4000 6000 8000 10000 12000 14000

Carpobrotus edulis - manual removal
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Agave americana
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Area removed (m2)
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3.2. Monitoring the effectiveness of control on Barreta Island 
 

A total of 22 monitoring were made in the areas of C. edulis removal through mulching sheets, 19 

in C. edulis manual removal, and 9 monitoring in A. americana and A. saligna. 

Overall 60 taxa were identified in the 34 monitoring plots, after the removal of invasive plants from 

Barreta Island. Among these, 2 were classified as exotic, the Pelargonium inquinans and Solanum 

lycopersicum, 4 taxa classified as invasive species (C. edulis, A. americana, A. saligna, and Oxalis 

pes-caprae), and 54 classified as native. 

With the exception of the mulching sheet plots, all other methods had regrowth of the target invasive 

species, with A. americana having the highest cover percentage (Table II). Vegetation recovery was 

recorded in all plots with an increase in native vegetation cover over time. This increase was 

particularly evident in plots where C. edulis was removed through mulching sheets. However, the 

appearance of exotic species or other invasive species was also recorded, with greater expression 

in the A. saligna plots (Table II). All three target IAS present on the plots were removed after the 

monitoring. Aditionnally we also removed the S. lycopersicum to prevent its spread to other areas. 

In relation to native species richness, only plots of C. edulis treated with mulching sheets registered 

a mean increase over time (Fig. 7). Lower values of species richeness in the period between 6 

months to 1 year after the initial monitoring may be justified by the lower species present during late 

summer, autumn and early winter months. 

 

Tabela II | Variation of IAS, native, and exotic species cover percentages in the monitoring plots of Capobrotus edulis treated 
with manual removal and mulching sheets, Agave americana, and Acacia saligna, over time after the first monitoring. 
 

Status Monitoring period Plant Cover % 

C. edulis A. americana A. saligna 

Manual Mulching 
sheets 

  

Target Invasive 
 

6 months 0,07 0 8,03 0,03 

6 months to 1 year 0,35 0 1,87 0 

1 year to 2 years 0,15 0 - - 

Natives 
 

6 months 20,65 22,90 21,45 21,38 

6 months to 1 year 15,13 30,84 25,66 27,80 

1 year to 2 years 17,15 53,85 - - 

Exotic / Other inva-
sive 

 

6 months 0,20 0,27 0,63 4,50 

6 months to 1 year 0,19 0,35 0,46 2,91 

1 year to 2 years 0,20 0,78 - - 
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Figura 7 | Variation of native species richness in the target invasive species control plots, according to time after the initial 

monitoring and treatment. 

 

3.2.1. Acacia saligna plots 
 

Between February 2022 and April 2023, three invasive species were detected in A. saligna 

monitoring plots, with two of them being the project's target species, A. saligna and C. edulis, and 

the other the O. pes-caprae (Fig. 8). 

On the first month of monitoring A. saligna shoots appeared primarily from its stalks. As the first 

monitoring begun 9 months after the removal, shoots from previous months were detected and 

removed at the time (Fig. 9). Subsequently since the first monitoring no further growth has been 

detected up to April 2023 (Fig. 8). 

The presence of O. pes-caprae in the plots is only registered during winter since its flowering period 

occurs between January and April.Its coverage rate increased during the second winter, reaching 

values of 9.30% of the total coverage. No attemps were made to remove this species.  

Sprouts of C. edulis appeared in the plots 11 months after the initial monitoring, but maintained 

lower levels of total coverage (below 1%). The sprouts were removed in the first monitoring they 

appered but sprouted again 3 months after. 

Two exotic plants were registered in the plots, P. inquinans and S. lycopersicum. The presence of 

P. inquinans in the plots can be justified from the expansion of plants present in the vicinity. The S. 
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lycopersicum appeared in May, was removed, and then appeared again in July and September with 

a peak of 1.8% of coverage. 

Regarding vegetation recovery (Fig. 10), the highest average value of native species coverage with 

41% was recorded in the last monitoring, 14 months after the initial monitoring. Aerial photographs 

of one A. saligna controlled area can be found on Annex C. 

 

Figure 8 | Mean coverage of alien species (exotic or invasive) per month after first monitoring in Acacia saligna plots. 

 

 
Figura 9 | Growth of Acacia saligna shoots two months after cutting and treatment with herbicide. 

0

1

2

3

4

5

6

7

8

9

10

fev mar abr mai jul set out jan abr

2022 2023

%
 o

f 
c
o
v
e
ra

g
e

Acacia saligna Carpobrotus edulis Oxalis pes-caprae

Pelargonium inquinans Solanum lycopersicum



 

18 | Control of Invasive Alien Plants and Management of Vegetation Cover - Deliverable C1 

  
Figura 10 | Before (left) and 1 year after (right) the control of Acacia saligna in Barreta island. 

 

3.2.2. Agave americana plots 
 

Between February 2022 and April 2023, three different invasive species were detected in A. 

americana monitoring plots. Two of these species are the project's target species, A. americana 

and C. edulis, while the other is the herbaceous O. pes-caprae. 

In the case of A. americana, the total coverage began to decline from the first monitoring, never 

reaching zero throughout the monitoring period (Fig. 11). The decline in the first 3 months is 

attributed to the delayed effect of herbicide application to kill the plants, and the following oscillations 

to the the sprouting of new shoots from the root system, with two peaks observed at 3 and 8 months 

after the initial monitoring, where mean coverage peaked at values below 5%.  

Conversely, both C. edulis and O. pes-caprae have maintained lower levels of mean coverage 

throughout all monitoring periods, with a peak of C. edulis of 3% in the first monitoring. 

Regarding vegetation recovery (Fig. 12), the highest average value of native species coverage with 

40% was recorded in the last monitoring, 14 months after the initial monitoring.  

 

 
Figure 11 | Mean coverage of alien species (exotic or invasive) per month after first monitoring in Agave americana plots.  
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Figure 12 | Growth of native plants and Agave americana shoots, 5 months after cutting and treatment with herbicide. 

 

3.2.3. Carpobrotus edulis plots – manual control 
 

Between February 2021 and January 2023, three invasive species were detected (Fig. 13), A. 

americana, C. edulis, and O. pes-caprae.  

All species maintained consistently low levels of coverage, remaining below 1% throughout the 

monitoring periods. The first resprouts of C. edulis started 4 months after the initial monitoring and 

appering again in the last monitoring. The first shoots of A. americana occurred in July, 5 months 

after the first monitoring, and resprouting remained constant during the monitoring period, 

The oscillations of the cover percentages relate to the removal of the sprouts and subsequent 

resprouting. 

Regarding vegetation recovery (Fig. 14), the highest average value of native species coverage with 

36% was recorded in the last monitoring, one year and 2 months after the initial monitoring.  

 

 
Figure 13 | Mean coverage of alien species (exotic or invasive) per month after first monitoring in Carpobrotus edulis plots 

– manual control. 
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Figure 14 | Recovery of vegetation in Carpobrotus edulis through manual control in two plots, 10 months after (left), and 2 

years after (right) the removal. 

 

3.2.4. Carpobrotus edulis plots – mulching sheets 

 

Between December 2021 and April 2023, one invasive species and one exotic species were 

detected, the O. pes-caprae and P. inquinans respectively (Fig. 15). 

A. americana plants were present in one of the C. edulis areas controlled by the mulching sheets, 

but were able to survive during 4 months under the sheets (Fig. 16). The same happened with some 

native species (Fig. 16). The A. americana was later removed of the area. 

The invasive herbaceous species O. pes-caprae only appeared 2 years after the initial monitoring, 

with a density remaining below 1.2% of the coverage. 

P. inquinans is a shrub species that started to expand to the plots from plants present in the vicinity, 

2 months after the initial monitoring. P. inquinans exhibited multiple peaks in total coverage 

throughout the monitoring period, with the highest total coverage observed 2 years after the initial 

monitoring, reaching a value of 1.5%. 

No resproustings of C. edulis were registered throughout the monitoring period. 

Regarding vegetation recovery (Fig. 17), the highest average value of native species coverage with 

73% was recorded in April 2022, one year and 4 months after the initial monitoring. On the last 

monitoring the coverage of native species was 65%. 

Aerial photographs of three controlled areas can be found on Annex C. 

 

Figure 15 | Mean coverage of alien species (exotic or invasive) per month after first monitoring in Carpobrotus edulis plots 
– mulching sheets control. 

 

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

dez jan fev mar abr mai jun jul set out nov dez jan fev mar abr mai set out dez jan abr

2020 2021 2022 2023

%
 o

f 
c
o
v
e
ra

g
e

Oxalis pes-caprae Pelargonium inquinans



 

21 

  
Figure 16 | Survival of native vegetation (left) and Agave americana (right) that was covered in the mulching sheets used 
to control Carpobrotus edulis. 

 

 
Figure 17 | Before (up) and 1.5 years after (down) the control of Carpobrotus edulis with mulching sheets in Barreta island. 
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3.3. Engaging communities and removal trials on Culatra Is-

land 
 
Public sessions (developed under the aim of the Action E1.3) took place in order to raise awareness 

about the impacts of invasive alien species on biodiversity, and engage local inhabitants of the 

barrier islands to control IAS at their backyards. On total 75 people attended these sessions.  

In addition, practical C. edulis removal sessions were also held in Barreta island with 30 teachers 

and students from Algarve University (Fig. 18), and 3 theoretical sessions at the UAlg Summer 

School with 72 students. 

To help dissemination of 500 booklets (link PT; link EN) with information on invasive plants, methods 

of control and recommendations were distributed and promoted at local events. Also, the assement 

and mapping of invasive plants in all Barrier islands (Fagundes et.al, 2021) was distributed to 

municipalities and local authorities, and is already being used by the Olhão municipality in the 

control of IAS in Armona island (Fig. 18).  

Some residents expressed opinions against the IAS removal, especially of Acacias spp., mainly 

because they provide shade and by the lack of alternative native plants. 

The removal trials of IAS, in association with Culatra residents in three areas, started in February 

2022. The residents were aware of the impacts of IAS on native biodiversity, but also warned about 

problems of infiltration in cisterns caused by their roots. The control in these areas included the 

removal of the three target species in a total area of 839 m2, using the same methods applied in 

Barreta island (Fig. 19). 

  
Figure 18 | Session on invasive plants species and control methods, with teachers (left), and information board on the 
control of invasive plants in Armona island by Olhao municipality citing the work developed in LIFE Ilhas Barreira (right).  

  
Figure 19 | Removal of Acacia saligna in a private house (left), and control of Carpobrotus edulis with mulching sheets in 
the Santa Maria lighthouse (right) in Culatra island. 

https://spea.pt/wp-content/uploads/2022/05/Deliverable_E1.4_Action_E1_Booklet_IAS.pdf
https://spea.pt/wp-content/uploads/2022/09/Booklet-invasoras-UK.pdf
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4 | Discussion  

 
The work presented in the preceding chapters focused on the comprehensive efforts to control and 

manage Invasive Alien Species (IAS) on Barreta Island, and engaging local communities of the 

Barrier islands in invasive species control. Approximately 1.6 hectares of IAS were effectively 

managed during the study period. This achievement is noteworthy, given the unique challenges 

presented by the resistence, adaptability, and rapid growth rate of invasive species. 

The findings discussed shed light on the effectiveness of the methodologies employed to combat 

the spread of these invasive species and the resulting implications for ecosystem restoration and 

preservation. These strategies encompassed a blend of mechanical methods, including cutting, 

chemical intervention involving herbicide application, and innovative techniques like the use of 

mulching sheets. The strategies were customized to align with the distinct characteristics and 

growth patterns of the target species.  

For the Acacia saligna, the combined cutting and herbicide application methodology effectively 

reduced its spread. The approach's success can be attributed to the immediate application of 

herbicide, which minimized regrowth. It should be noted that there were shoots for at least 9 months 

after its control, and to date in an area where the application of the herbicide was not carried out 

immediately after cutting. For now, this methodology (when correctly applied) appears to have 

contained the appearance of new shoots and the death of the plants, without having the need to 

remove the root system. An alternative method, the biological control, through a gall-forming rust 

fungus has been used in South Africa, and is recognized as highly effective in the control of A. 

saligna (Wood & Harris, 2007). However, this method is not permited in Portugal. 

Agave americana required a nuanced approach that considered plant size. Smaller plants were 

manually uprooted, while larger ones were subjected to a combination of cutting and herbicide. 

Even considering the gradual recovery of native vegetation, the application of herbicide at a 

concentration of 5% does not seem to have been effective in killing all plants, since to date (one 

year and 6 months later) there is still growth of shoots. In addition to the large amount of time 

required to control A. americana, the removal of plants and their roots without the help of machinery 

involved a great deal of physical effort. To add to the costs, this species still needs regular 

monitoring and long-term control actions. Efforts must be made to find alternative control methods 

that balance the effort required and the effectiveness of results. 

Carpobrotus edulis, on the other hand, was controlled through manual removal or the use of 

mulching sheets, the latter being particularly effective in preventing regrowth. The manual removal 

may have a lower cost in the short-term, mainly due to the few materials needed and the help given 

by volunteers, but as seen in the results it produces growth of new shoots, requiring long-term 

monitoring and control. Even with a small number of monitoring plots of manual removal, the 

regrowth of shoots in this methodology in other areas is common and to this date is registered in 

Berlenga island, 8 years after the initial control. The incomplete effectiveness of this method may 

be due to the failure to completely uproot the roots, or to the capacity of C. edulis fragments to 

maintain viability for longer periods (Souza-Alonso et al., 2018). 

The greater effectiveness of mulching sheets recorded is probabily due to the complete death of 

plants and their roots, however regular monitoring is still necessary to test its effectiveness in 

controlling the seed bank, that may require at least up to 5 years to germinate (Chenot et al., 2018). 

Also in the recovery of native vegetation, areas with mulching sheets performed better than areas 

with manual removal, presenting greater species diversity and greater coverage. This difference 

may be due to the dead organic matter left in the soil, that potentially lead to higher native plant 

species recolonization, as well as limiting soil erosion (Chenot et al., 2018). However, if live plant 

fragments are present, it can enhance the growth of C. edulis shoots (Chenot et al., 2018). 
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The persistent regrowth of some invasive species, even at low levels, highlights the importance of 

long-term commitment to conservation efforts and the need for continued monitoring and 

management, necessary to maintain the gains achieved through invasive species control and to 

prevent reinvasion. It is advised that the area controled in Barreta island should be, at least, 

surveyed and manage every 6 months to control the regrowth of the target invasive plants, to survey 

the recovery of native vegetation and to maintain alert for the appearance or spread of other 

invasive species. 

A summary of the results of each methodology can be found in the Table III. The effectiveness of 

invasive species control methods can vary significantly in different areas. Due to these variations, 

it is important to perform a detailed assessment of local conditions and characteristics of the 

invasive species before selecting a control method. It is common for control techniques to be 

adapted and combined to meet the specific needs of a particular area and invasive species. 

The study also highlights the importance of community involvement in conservation initiatives. Much 

of the removal of invasive species in Barreta island had the help of volunteers, and the public 

sessions and the engagement of local communities of the Barrier islands can lead to better 

compliance with control measures and more responsible behavior to prevent further spread, and 

result in more effective and sustainable invasive plant management programs. Additionally, its 

suggested to extend the outreach efforts to all residents of the region to further control IAS in their 

courtyards, recognizing the interconnected nature of ecosystems. Active and present approaches, 

such as establishing a greenhouse in schools to reproduce native plants or offering native plants 

for gardens, may be necessary for the success in the small communities 

Not to belittle this, but because changing people’s opinions or behaviors takes time and effort, and 

in some cases may never happen, also local authorities and municipalities have a crucial role in 

dynamizing and implementing control actions, and an additional responsibility to verify the 

compliance with the law against intentional planting and spreading of invasive plants. 

.In conclusion, the study provides valuable insights into the control of Invasive Alien Species in a 

unique coastal ecosystem. It demonstrates the effectiveness of multifaceted approaches to 

managing IAS and highlights the importance of sustained monitoring and community involvement. 

The achievements on Barreta and Culatra Islands serve as a testament to the potential for 

restoration and conservation in the face of invasive species that threaten the Barrier Islands. 

 

Tabela III | Comparison of the effectiveness related to controlling different invasive plant species (Carpobrotus edulis, Agave 
americana, Acacia saligna) using various control methods. 
 

 
Carpobrotus edulis Agave americana Acacia saligna 

 
Manual 
removal 

Mulching 
sheets 

Cutting + 

herbicide (5%) 

Cutting + 

herbicide (33%) 

Efficient in stopping shoot growth after 

control 

No Yes No No 

Efficient in stopping shoot growth by the 

end of the monitoring 

No Yes No Yes 

Colonization by native species after 

control 

Yes Yes Yes Yes 

Cover % of native species over time Low High Medium Medium 

Colonization by other exotic or invasive 

species 

Yes Yes Yes Yes 

Physical effort Medium Low High Low 

Personal cost per m2 removed Low Low High Medium 

Cost of material Low Medium High High 

Need for long-term monitoring Yes Yes Yes Yes 
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Annex  

A – Detailed maps of invasive plants distribution on Barreta Island 
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B – Form used to collect vegetation recovery data in areas where invasive plants were controlled.  

 

 

Formulário monitorização da flora nativa             LIFE Ilhas Barreira          
 

Data Observa-
dores 

Quadrado Espécie Cobertura Foto Máquina 
fotográfica 
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C – Aerial photographs of areas where control of invasive plants was carried out. 

 

 

Aerial photographs of an area where Carpobrotus edulis control was carried out with mulching sheets. Up - photograph 
taken in June 2021, 7 months after the removal; Down - photograph taken in March 2022, 1 year and 4 months after the 
removal. Source: UALG-CIMA 
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Aerial photographs of an area where Carpobrotus edulis control was carried out with mulching sheets. Up - photograph 
taken in June 2021, 8 months after the removal; Down - photograph taken in March 2022, 1 year and 5 months after the 
removal. Source: UALG-CIMA 
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Aerial photographs of an area where Carpobrotus edulis control was carried out with mulching sheets. Up - photograph 
taken in June 2021, 7 months after the removal; Down - photograph taken in March 2022, 1 year and 4 months after the 
removal. Source: UALG-CIMA 
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Aerial photographs of an area where Acacia saligna control was carried out by cutting and application of herbicide. Up - 
photograph taken in June 2021, 1 month after the removal; Down - photograph taken in March 2022, 10 months after the 
removal. Source: UALG-CIMA 


