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Summary/Resumo 
 
This report assesses and provides knowledge about the effectiveness of the conservation 
measures previously implemented to recover dune habitats in Barreta Island. The latter, which 
include the removal and control of invasive plant species and the installation of gull exclusion areas 
to restore the dune vegetation, were defined and explained with detail in the Deliverable C1 and 
C2 of the project, respectively. To assess dune recovery, after implementing the action C1 was 
carried out in three stages: analyzing changes in soil; monitoring vegetation cover in areas where 
Acacia saligna, Agave americana, and Carpobrotus edulis were removed and conducting a floristic 
inventory on Barreta Island after invasive species removal.  Soils samples were collected from 
areas of A. saligna, A. americana and C. edulis both before (2020) and after (2023) the control of 
Invasive. Vegetation cover was monitor after IAS control (A. saligna, A. americana and C. edulis - 
Action C1) in 32 plots of 4m2 (2x2m). Within each plot, species were identified, and the cover rate 
(%) was estimated through visual estimation. In 2023 a floristic inventory was done after the control 
of invasives in 106 plots of 4m2 (2x2m). To the assessment of the conservation measures 
implemented in action C2 required the performance of monitoring surveys every three months over 
the gull exclusion and control areas installed within action C2 (LIFE Ilhas Barreira, 2021). During 
these surveys, the vegetation cover was mapped using a DJI Phantom multispectral drone and a 
RTK-GPS. In addition, the possible dune topography and/or sedimentological changes occurring 
in these areas were analysed by carrying out in situ topographic measurements (along two profiles 
for each exclusion area) and sediment sampling for grain size analysis. 
The results revealed distinct trends, demonstrating significant differences in vegetation cover 
among plant categories. Native species exhibited relatively stable coverage over the monitoring 
periods, indicating a good colonization capability even with the management interventions. In 
contrast, invasive species displayed fluctuations in coverage that suggest the need of a continuas 
management and monitor efforts to control the growth of invasive species, as evident from the rapid 
regeneration of Oxalis pes-caprae, A. saligna, and A. americana. The monitoring of the dune 
topography and sedimentology at the control and exclusion areas showed that gull pressure during 
the last decades have not altered the fixed nature of the dunes in Barreta Island. The minimal 
changes observed were attributed to strong rainfall events rather than gull pressure. Lastly, the 
exclusion areas have not favoured the recovery of the native grey dune vegetation coverage and/or 
composition, which was and will be conditioned by factors such as the rainfall regime, the dune 
topography, gull demography and the plant competition for the available space and resources. 
The findings emphasize the importance of conservation efforts for certain vulnerable and near-
threatened species, continuous monitoring and control for IAS to ensure the long-term sustainability 
of the island's ecosystem.  
 
Este relatório avalia e informa sobre a eficácia das medidas de conservação implementadas para 
recuperar habitats dunares na Ilha Barreta. Estas medidas, que incluem a remoção e controlo de 
espécies vegetais invasoras e a instalação de zonas de exclusão de gaivotas para recuperação 
da vegetação dunar, foram definidas e explicadas com detalhe nos Deliverables C1 e C2 do 
projeto. 
Para avaliar a recuperação das dunas, após a implementação da ação C1, foi realizada em três 
etapas: análise de solo; monitorização da cobertura vegetal em áreas onde Acacia saligna, Agave 
americana e  
Carpobrotus edulis foram removidos e através de um inventário florístico na Ilha da Barreta após 
a remoção das espécies invasoras. As amostras de solo foram recolhidas em áreas de A. saligna, 
A. americana e C. edulis, antes (2020) e depois (2023) do controle de espécies invasoras. A 
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cobertura vegetal foi monitorizada em 32 parcelas de 4m2 (2x2m). Dentro de cada parcela, as 
espécies foram identificadas, e a taxa de cobertura (%) foi estimada visualmente. Em 2023, um 
inventário florístico foi realizado, após o controle das invasoras em toda a ilha, em 106 parcelas 
de 4m2 (2x2m). Para avaliar a avaliação das medidas de conservação implementadas na ação C2, 
foi necessário realizar pesquisas de monitorização a cada três meses nas áreas de exclusão e 
controlo de gaivotas instaladas dentro da ação C2 (LIFE Ilhas Barreira, 2021). Durante essas 
pesquisas, a cobertura vegetal foi mapeada usando um drone multispectral DJI Phantom e um 
RTK-GPS. As possíveis mudanças na topografia das dunas e/ou sedimentação que ocorreram 
nessas áreas foram analisadas realizando medições topográficas in situ (ao longo de dois perfis 
para cada área de exclusão) e amostras de sedimentos foram recolhidas para análise 
granulométrica. Os resultados revelaram tendências distintas, demonstrando diferenças 
significativas na cobertura vegetal entre as categorias de plantas. As espécies nativas exibiram 
uma cobertura relativamente estável ao longo do tempo, indicando uma boa capacidade de 
colonização mesmo com as intervenções de controlo de invasoras. Em contraste, as espécies 
invasoras apresentaram flutuações na cobertura que sugerem a necessidade de esforços 
contínuos de gestão e monitorização, como evidenciado pela rápida regeneração de Oxalis pes-
caprae, A. saligna e A. americana. A monitorização da topografia das dunas e sedimentação nas 
áreas de controlo e exclusão mostrou que a pressão das gaivotas nas últimas décadas não alterou 
a natureza dunas fixas na Ilha Barreta. As mudanças mínimas observadas foram atribuídas a 
eventos de forte precipitação e não à pressão das gaivotas. Por fim, as áreas de exclusão não 
favoreceram a recuperação da cobertura e/ou composição da vegetação nativa das dunas 
cinzentas, e que foi condicionada por fatores como o regime de chuvas, a topografia das dunas, a 
demografia das gaivotas e a competição vegetal pelo espaço e recursos disponíveis. Os resultados 
destacam a importância dos esforços de conservação para certas espécies vulneráveis e 
ameaçadas, a monitorização e o controlo contínuo de Espécies Invasoras para garantir a 
sustentabilidade a longo prazo do ecossistema da ilha. 
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1 | Introduction 

 
In 2008, the Portuguese Marine IBA (Important Bird Area) inventory (published by SPEA), identified 
a marine IBA at Ria Formosa. The existing baseline information proved to be insufficient, and this 
IBA never became legally binding. Between 2012 and 2015, Portugal made an important step 
towards the implementation of the Natura 2000 network in the marine environment, by establishing 
new marine SPAs (Special Protection Areas). Nevertheless, this process was not aimed towards 
the conservation of Audouin’s Gull (Larus. audouinii). At the time, the breeding information and 
distribution data for this species in Portugal was considered insufficient. Since then, further work 
has been developed and new insights indicate that, nowadays, there is a meta-population breeding 
in the uninhabited Barreta Island is recent and exhibiting exponencial growth, while other European 
populations have been declining. Climate change and derived sea-level rise are global-scale 
problems threatening most of the coastal habitats, among which the barrier islands are not an 
exception and, as holders of unique ecosystems, they need urgent attention. These islands are 
also threatened by human pressure and it is urgent to implement measures that can reduce these 
threats. LIFE Ilhas Barreira aims to characterize the local ecological requirements and conservation 
threats of the target species and habitats in Ria Formosa, and particularly at Barreta Island, to 
implement effective conservation actions. This project represents an important step towards the 
present and future sustainable management of the SPA at Ria Formosa. 
 

1.1 Project objectives 
 
The main project objectives are to:  
 

1. Understand the main threats to the target species (Audouin’s Gull and Little Tern Sternula. 
albifrons) and habitats, both on land and at sea; 

2. Recover the Grey Dunes habitat and assess the effect of gulls on this habitat; 
3. Promote the sustainable use of the Ria Formosa barrier islands and marine area, focusing 

on fisheries and tourism; 
4. Evaluate the effect of climate change and other drivers of change on the eco-morphology 

of the barrier islands system; 
5. Understand the breeding ecology, foraging behaviour and spatial distribution of Audouin’s 

Gull and Little Tern; 
6. Evaluate and mitigate bycatch impacts on seabirds and assess the future effect of the 

discard ban policy on Audouin’s Gull local population, engaging the local fisherman 
community; 

7. Evaluate possible competitive interactions and predation from Yellow-legged gull (Larus 
michahellis) towards the target species; 

8. Protect breeding areas for Audouin’s Gull and Little Tern (restricting tourist access, 
controlling predators, increasing surveillance and implementing environmental awareness 
campaigns); 

9. Review the marine IBA limits and update the marine area of the SPA. 
 

1.2 Deliverable context and objectives within the project 
 
The ‘Monitoring dune habitat recovery’ deliverable is part of the project topic D (Monitoring of the 
impact of the project actions), and aims to properly assess and understand the impact of the dune 
conservation measures implemented in Project Actions C1 (Control of invasive alien plants and 
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management of vegetation cover) and C2 (Assessment of the conservation measures for dune 
habitat protection), mainly the installation of gull control and exclusion areas and the relocation of 
the main elevated walkway on Barreta Island.These monitoring activities contributed to achieve the 
following project objectives: 
 

 Understand the main threats to the target species (Audouin’s Gull and Little Tern) and hab-
itats, 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), 
 

and to minimise several threats identified in the project proposal: 

 Insufficient knowledge of the distribution of endemic and invasive plants (threat 2) 

 Tourism pressure and disturbance by visitors (threat 3); 

 Insufficient knowledge of the impact of recent gull colonisation on Barreta Island (threat 7) 

 Dune decreases in some barrier islands, and assessment of shoreline trends (retreat 
and/or progradation) (threat 8) 

 

 1.3 Approach 
 
Firstly, the assessment of dune recovery, after implementing the action C.1 - the control of invasive 
plant species and the management of vegetation cover, was carried out by SPEA (Portuguese 
Society for the Study of Birds) in three stages: 

 Analyzing changes in soil samples; 

 Monitoring vegetation cover in areas where Acacia saligna, Agave americana, and 
Carpobrotus edulis were removed; 

 Conducting a floristic inventory on Barreta Island after invasive species removal. 
 
Soils samples were collected from areas of A. saligna, A. americana and C.edulis both before 
(2020) and after (2023) the control of Invasive Alien Species (IAS) to check for differences on soil 
parameters that might influence species’ spatial distribution. Additionally, soil samples were also 
collected in a colony of Yellow-legged gull. However, for control data, samples from the native 
habitat of Grey Dunes were collected. To monitor vegetation cover after IAS control (A. saligna, A. 
americana and C. edulis - Action C1) were installed 32 plots of 4m2 (2x2m). Within each plot, 
species were identified, and the cover rate (%) was estimated through visual estimation. Monthly 
monitoring was conducted to track vegetation cover based on species criteria (Exotic, Invasive 
(IAS), Native and Unknown). At the end (2023), as a complementary and final evaluation was 
performed a floristic inventory after the control of invasives following the methodology from the first 
floristic inventory in 2020 (before de invasive removal – Fagundes et al., 2022).  A total of 106 plots 
of 4m2 were deployed, identifying species and estimating plant coverage (%)to provide an overall 
view of the island situation. 
 
Secondly, the assessment of the conservation measures implemented in action C2 required the 
performance of monitoring surveys every three months over the gull exclusion and control areas 
installed within action C2 (LIFE Ilhas Barreira, 2021). During these surveys, the vegetation cover 
was mapped using a DJI Phantom multispectral drone and a RTK-GPS. In addition, the possible 
dune topography and/or sedimentological changes occurring in these areas were analysed by 
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carrying out in situ topographic measurements (along two profiles for each exclusion area) and 
sediment sampling for grain size analysis. 
 
The assessment of the dune recovery after the installation of the new part of the walkway and the 
information panels has not yet been carried out, as these actions have only recently been completed 
due to a considerable delay caused by the pandemic and the difficulty in obtaining all the necessary 
permits in time. This evaluation will only be meaningful after the end of the project (after-LIFE 
actions). 
 
 
 

2 | Objectives of Action D1 

 
The monitoring activities planned under this action were aimed at assessing and understanding the 
effects of the conservation measures carried out in the dune habitats of Barreta Island (actions C1 
and C2), mainly the installation of gull exclusion areas to restore the dune vegetation, the removal 
of invasive plant species, and the relocation of the main elevated walkway on the island.  
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3 | Assessing dune recovery after 
controls of invasive plants and 
management of vegetation cover 
(C1) 

 
3.1 Analysing changes on soil samples 

 
The invasive species A. americana, A. saligna and C. edulis are known for their adaptability and 
rapid spread across diverse ecosystems. These exotics plants can induce various alterations in soil 
quality, thereby exerting negative impacts on native environments. 
To address these issues, a total of 30 soil samples were collected for analysis. Fifteen of these 
were collected before the removal of invasive plants from Barreta Island (figure 1) in May of 2020, 
and another 15 were collected in May of 2023. Three soil samples were randomly selected for each 
vegetation patch of A. americana, A. saligna, and C. edulis, as well as for the native habitat “Grey 
Dunes” (control samples) and areas occupied by a colony of Yellow-legged gulls (YLG). The 
sampling locations in 2020 remained the same in 2023.  
 

  
Figure 1 | Location of the soil samples points (yellow dots), the monitor vegetation plots after IAS control (red dots) and the 
floristic inventory plots (black squares). 
 
The following parameters were analyzed for each soil sample:  
Soil Texture - composition of soil particles; pH - measure of the acidity or alkalinity; Extractable 
phosphorus (P - mg/kg) - macronutrient important for plant growth and development; Extractable 
potassium (K - mg/kg) - macronutrient essential for various physiological processes in plants; 
Extractable calcium (Ca - mg/kg) - plays a crucial role in soil structure and nutrient availability for 
plants; Extractable magnesium (Mg mg/kg) - is an essential nutrient for chlorophyll production and 
enzyme activation in plants; Nitrogen (N in %) - is a vital nutrient for plant growth, leaf development, 
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and overall plant vigor; Organic matter – (%) - It influences soil fertility, water-holding capacity, and 
nutrient availability; C/N ratio - is an indicator of the decomposition and nutrient cycling processes 
in the soil; Electrical conductivity (mS/cm) - It provides insights into soil salinity and nutrient 
availability; Total limestone (CaCO3 - %) - contains calcium carbonate, which can affect soil pH and 
nutrient availability; Calcium base (Ca – cmol+/kg) – It is an important nutrient for plant growth and 
development; Magnesium base (Mg - cmol+/kg) - Magnesium is essential for plant physiological 
processes; Ca exchange / Mg exchange ratio - it provides insights into the soil's nutrient balance 
and potential nutrient deficiencies or imbalances. 
 
Overall analyzes & results 
To compare the different variables before and after the removal of invasive plants, between 2020 
and 2023, the normality of the samples was assessed using the Shapiro-Wilk test. When the 
different variables followed a normal distribution, the differences were examined using repeated 
measures analysis of variance (ANOVA). In cases where the assumptions for repeated measures 
ANOVA were violated, separate paired t-tests were conducted to compare the means of each 
variable between 2020 and 2023.  
The results demonstrate significant differences in the distribution of pH (ANOVA p-value = 0.0412 
and α = 0.05), extractable calcium (ANOVA p-value = 0.00113 and α = 0.01), C/N ratio (ANOVA 
p-value = 1.33e-05 and α = 0.001), and base calcium (ANOVA p-value = 0.0013 and α = 0.01) 

between time of monitoring (2020 to 2023) and sample location did not influence distribution (see 
Figure 2). Next, the locations of the sites are assessed based on the main impacts caused by the 

different species present. To test for significance between the small sample size, the Wilcoxon 
signed-rank test was used. 

 

 
Soil with Acacia saligna 

Figure 2 | Comparison of soil parameters (- pH, Extractable Ca, C/N Ratio and Base Calcium) between 2020 and 2023, 
for Acacia saligna, Agave americana and Carpobrotus edulis areas. Control plots correspond to Grey Dunes habitats & 
YLG – soils inside a colony of Yellow-legged gull plots. 
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Acacia is a large genus of trees and schrubs, and some species, are known to have both positive 
and negative impact on soils, depending on the context. Acacia species are well-known for their 
ability to fix nitrogen, which can enrich the soil and benefit other plants growing in the vicinity. In 
dune soils, Acacias exhibit slower overall growth and higher nitrogen fixation (Sampaio et al., 2023). 
On Barreta Island, the nitrogen content decreased from 0.045% to 0.012% after cutting all Acacias. 
Their dense growth can also lead to the exclusion of other plant species and result in changes to 
soil nutrient levels. The cut and the removal of all the plants biomass decrease the mean of organic 
matter content from 0.88% to 0.42%. The results show that no significant differences were found 
regarding the soil pH, nitrogen and organic matter mean, which did not have a significant change 
over time. However, it is noticeable that in the natural habitats of Grey Dunes (control samples), pH 
decreased, and nitrogen and organic matter increased, as expected on costal dune ecosystems 
(McLachlan & Brown, 2006).  

 
Figure 3 | Comparison in soil pH, Nitrogen (N) and Organic Matter (%), between 2020 (before A. saligna removal) and 2023 
(after A. saligna removal) and Control samples (Grey Dunes habitat). 
 
Soil with Agave americana 
A. americana is a succulent species native to Mexico, and it has adaptations that allow it to survive 
in arid environments. When agave plants die and decompose, they can contribute with organic 
matter to the soil, thereby improving soil structure, leading to increased density of resprouts and 
impeding the growth of neighboring plants. On Barreta island, agave was the last species to be 
removed. After cutting, part of the organic material was left behind for decomposition, as other was 
burned, resulting in an increase in nitrogen and organic matter (see figure 4). The organic matter 
content increased from 0.36% to 1.86%. Additionally, the slow decomposition of agave leaves 
gradually releases nutrients into the soil, altering the nutrient balance accessible to other plants and 
soil organisms. For the main macronutrient, nitrogen levels increased from 0.03% to 0.05%. 
However, with such low mean values, no significant differences were found in soil pH, nitrogen 
levels and organic matter before and after agave removal. However, the pH level in the soil 
decreased from 9.2 to 8.8 after Agave removal. It is also noticeable that in the natural habitats of 
Grey Dunes (control samples), pH decreased, and nitrogen and organic matter increased, as 
expected. 
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Figure 4 | Comparison in soil pH, Nitrogen (N) and Organic Matter (%), between 2020 (before A. americana removal) and 
2023 (after A. americana removal) and Control samples (Grey Dunes habitat). 
 
Soil with Carpobrotus edulis 
C. edulis is a succulent invasive plant predominantly found in coastal regions and possesses an 
aggressive and dense root system that competes with native species for water, nutrients, and 
space. Consequently, resource availability for other plants is diminished. On Barreta Island, the 
nitrogen, the main macronutrient, decreased from 0.023% to 0.014% after the removal of C. edulis. 
The rapid decomposition of fallen Carpobrotus leaves and debris results in the formation of a 
substantial layer of organic matter. This accumulation impacts water infiltration rates and the 
decomposition processes. After removal, the mean organic matter value increases from 0.41% to 
0.70%. Carpobrotus exhibits the ability to release acidic substances through its roots, thereby 
leading to soil acidification and a subsequent decline in pH levels. On Barreta Island, pH levels 
decreased from 9.3 to 9.0 after removal. However, the small changes observed in these parameters 
may have contributed to the lack of statistical significance. For Grey dunes, the changes in pH, 
nitrogen and organic matter were as expected for a natural habitat. 
  

 
Figure 5 | Comparison in soil pH, Nitrogen (N) and Organic Matter (%), between 2020 (before C. edulis removal) and 2023 
(after C. edulis removal) and Control samples (Grey Dunes habitat). 
 
  
Soil from the colony of Yellow-legged gulls (YLG) 
The Yellow-legged gull (Larus michahellis) are seabirds found in the south western and 
Mediterranean coast of Europe, Africa, and the Middle East. Their presence in certain areas can 
have effects on soil and ecosystem health. Large colonies of gulls can cause trampling on sensitive 
vegetation and lead to increased nutrient inputs (in the form of guano which is rich in nitrogen and 
phosphorus) to the surrounding soil. As guano decompose, it adds organic matter to the soil, which 
can alter its structure and water holding capacity. The breakdown of guano can contribute to soil 
acidification due to the release of acidic compounds during decomposition. In Barreta Island the 
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population of YLG oscilated beween 974 breeding pairs in 2019 to 635 pairs in 2023. Between 2020 
and 2023, the mean level of nitrogen and pH decreased, respectively, from 0.021% to 0.009% and 
from 9.3 to 9.0. The organic matter present on the soil increased from 0.31% to 0.36%. However, 
with such low mean values, no significant differences were found in soil pH, nitrogen levels and 
organic matter. 

 
Figure 6 | Comparison in soil pH, Nitrogen (N) and Organic Matter (%), between 2020 and 2023, for Control samples (Grey 
Dunes habitat) and colony of Yellow-legged gull (YLG) areas. 
 
 
 

3.2   Monitoring vegetation cover on Acacia, Agave and Car-
pobrotus areas 

 
On Barreta Island, a total of 32 plots, each measuring 4m2, were established to monitor vegetation 
recovery after the removal of invasive alien plants, part of Action C1. The 32 plots consisted of 12 
plots with Carpobrotus edulis (10 covered with mulching sheets and 2 controlled manually), 10 plots 
with Agave americana (managed through cut and chemical control - 5% concentration), and 10 
plots with Acacia saligna (managed through cut and chemical control - 33% concentration). The 
allocation of plots was based on the specific areas under control. Monitoring of the vegetation 
recovery after the removal of the Acacia and Agave plots began in February 2022, while monitoring 
of Carpobrotus plots started in December 2020. Monitoring activities were conducted until April 
2023. For each plot, a comprehensive identification of all present taxa was conducted, and 
vegetation cover estimation (%) was carried out through visual observation. Monthly sampling was 
conducted whenever possible. The cover proportion of each species was meticulously recorded, 
along with the percentages of bare soil, sand, rock, and organic matter (dry or decomposing). After 
the identification and recording of each species, they were subsequently classified into categories 
such as exotic, invasive (IAS), 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. This 
classification process allowed for a detailed assessment of the ecological composition of the 
vegetation in the monitored plots, enabling a more comprehensive understanding of the impact of 
invasive species and the overall health of the ecosystem on Barreta Island. During volunteer field 
camps aimed at controlling the seed bank and resprouting of shoots, numerous exotic plants were 
removed on a monthly basis, including those found within the plots. This proactive approach aimed 
to mitigate the spread and impact of invasive species on the island ecosystem. However, action C1 
report aims to address the effectivess of the control of the IAS. While, here we give a perpective of 
the vegetation cover recovery. 

 
Overall analyzes & results 
As a result, a total of 69 taxa were identified, with 2 being exotic, 5 considered invasive (IAS), 47 
native, and 15 remaining unidentified (several were identified only up to the family or genus level). 



 

14 | Monitoring of the impact of the project actions. Deliverable D1 

The table below provides a comprehensive list of the inventoried plants from December 2020 to 
April 2023. 
 
Table 1 | Species list recorded on plots where invasive plants were removed on Barreta Island between December 2020 and 
April 2023. 
 
Exotic (2 species) 
Crepis bursifolia 
Matthiola incana 
 
Invasive (5 species) 
Acacia saligna 
Agave americana 
Carpobrotus edulis 
Oxalis pes-caprae 
Pelargornium inquinans 
 
Native (47 species) 
Ammophila arenaria 
Anacyclus radiatus 
Anthemis maritima 
Artemisia crithmifolia 
Bromus hordeaceus 
Bromus rigidus 
Cakile maritima 
Carduus meonanthus 
Chenopodium murale 
Corynephorus canescens 
Crepis foetida 
Crucianella maritima 
Cynodon dactylon 
Cyperus capitatus 
Echium gaditanum 
Erodium laciniatum 
Euphorbia peplus 
Ferula communis 
Helichrysum italicum ssp. Picardi 
Hordeum murinum 
Hypecoum littorale 
Hypecoum procumbens 
Hypochaeris glabra 
Linaria pedunculata 
Lolium rigidum 
Lotus creticus 
Malcolmia littorea 
Medicago littoralis 
 
 
 
 
 
 
 
 
 
 

 
 
 
Native (47 species) 
Medicago marina 
Mercurialis annua 
Pancratium maritimum 
Paronychia argentea 
Phagnalon saxatile 
Pseudorlaya minuscula 
Pseudorlaya pumila 
Reichardia gaditana 
Salsola vermiculata 
Senecio gallicus 
Seseli tortuosum 
Silene niceensis 
Solanum nigrum 
Sonchus asper 
Sonchus oleraceus 
Sonchus tenerrimus 
Suaeda vera 
Thymus carnosus 
Urospermum picroides 
 
Unknown (15 genus or families) 
Armeria sp. 
Bromus sp. 
Chenopodium sp. 
Crepis sp. 
Euphorbia sp. 
Hordeum sp. 
Hypericum sp. 
Lactuca sp. 
Lycopersum sp. 
Mercurialis sp. 
Pelargonium sp. 
Poaceae 
Sonchus sp. 
Trifolium sp. 
Urtica sp. 
 
 
 



The vegetation cover mean (%) was tested for normality using the Shapiro-Wilk Normality Test. 
The sample revealed that the vegetation cover does not follow a normal distribution (W = 0.67, p-
value < 0.05). To assess differences among vegetation cover categories, the non-parametric 
Kruskal-Wallis test was employed. The cover rate varies significantly with respect to the plant 
category (Exotic, Invasive, Native, Unknow, Soil - Kruskal-Wallis chi-squared = 832.32, df = 4, p-
value < 0.05), the invasive background species (Acacia, Agave or Carpobrotus - Kruskal-Wallis chi-
squared = 40.58, df = 2, p-value = <0.05), and the number of monitoring events (Kruskal-Wallis chi-
squared = 68.33, df = 22, p-value <0.05)." This evidence suggests that fluctuations in the cover rate 
are primarily attributed to the presence of invasive background species, the specific plant 
categories, and monitoring events, which are reflected by the seasonality of the species—whether 
they are annual, biennial, or perennial. 
 
Plots of Acacia saligna 
Forests and patches of dense acacia vegetation are often known for their allelopathic effects, which 
involve the release of chemical substances capable of inhibiting the growth and development of 
other plants in their understory and vicinity. Following the removal of A. saligna patches between 
May 2021 and May 2022, colonization by other 44 plant species began immediately (see annex 1 
the list of present species). 

 
Figure 7 | Vegetation cover mean (%) trends for different plant category (Exotic, Invasive, Native and Unknown). Monitor 1 – 
February 2022, Monitor 2 – March 2022, Monitor 3 – April 2022, Monitor 4 – May 2022, Monitor 5 – July 2022, Monitor 6 – 
September 2022, Monitor 7 – October 2022, Monitor 8 – January 2023 and Monitor 9 – April 2023.  
 
The results demonstrate (figure 7) that the overall coverage trends during different monitoring 
periods for each category are as follows: 

 Exotic (1 species): The initial average is 0%, increasing to 2% in the second monitoring and 
then stabilizing around 0% again. 

 Invasive (IAS - 4 species): The initial average is 9.26%, increasing significantly to 24.40% 
in the third monitoring, and then gradually decreasing to 3% in the fifth and sixth monitoring, 
with an increase to 17.33%. The invasive species that showed the highest regeneration 
after acacia removal was Oxalis pes-caprae, an anuual plant that resprouds in October to 
late April. In the third monitoring, some regeneration of A. saligna appeared, which was 
removed during subsequent monitoring periods. 

 Native (31 species): The initial average is 5.65%, with constant fluctuations during the 
following monitoring periods. 
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 Unknown (9 species): The initial average is 4.76%, increasing to 8.33% in the sixth 
monitoring and decreasing to 7.69% in the seventh monitoring. Many of the present species 
are on a seedling state and identification was not possible. This plant caterogy as a high 
number of species primaly due to the challenging identification of species in a seedling 
stage. 

 
To assess the normality of the vegetation cover (%), we conducted the Shapiro-Wilk Normality Test, 
and the results indicated that the data did not follow a normal distribution (W = 0.62, p-value <0.05). 
To analyze differences among vegetation cover categories, we applied the non-parametric Kruskal-
Wallis test. The results showed that the cover rate significantly varied according to the plant 
category (Exotic, Invasive, Native, Unknown, Soil - Kruskal-Wallis chi-squared = 168.8, df = 4, p-
value < 0,05), but not by the number of monitoring events (Kruskal-Wallis chi-squared = 14.65, df 
= 8, p-value > 0.05). 

 
 

 
Figure 8 | Areas invaded by Acacia saligna (left photo – May 2020) and vegetation cover after IAS control (right photo – May 
2022).  
 
In summary, our observations over the monitoring periods revealed an initial increase in invasive 
and unknown plant species, followed by a subsequent decrease to lower values. Exotic plant 
species also displayed some variation but generally remained at low levels. In contrast, native plant 
species exhibited constant fluctuations throughout the monitoring periods, with a higher species 
richness (31 species) due to the high number of annual species (see vegetation recovery on figure 
8). These findings indicate that invasive species has a high fluctuation due to active management 
of IAS. Conversely, native species exhibited a certain level of stability over the monitoring periods. 
Consequently, it becomes evident that intervention or management measures are imperative for 
controlling the proliferation of invasive species, with specific emphasis on the species O. pes-
caprae, which has yet to undergo any form of control. Notably, some of the native species that 
emerged are considered ruderal, originating from continental areas, and are not commonly 
associated with this habitat type - Grey Dunes. 
 
Plots of Agave americana 
The agave, a succulent plant known for its rapid dispersal via adventitious roots, was subjected to 
chemical and manual control measures between September 2021 and November 2022. After the 
control, vegetation colonization ensued, and 35 plant species successfully established in the area 
over time (see list on annex 2).  Analyzing the vegetation evolution, trends in the average coverages 
of Invasive, Native, and Unknown plants over multiple monitoring events were observed – figure 9. 
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Figure 9 | Vegetation cover (%) trends for different plant category (Invasive, Native and Unknown). Monitor 1 – February 2022, 
Monitor 2 – March 2022, Monitor 3 – April 2022, Monitor 4 – May 2022, Monitor 5 – June 2022, Monitor 6 – September 2022, 
Monitor 7 – October 2022, Monitor 8 – January 2023 and Monitor 9 – April 2023.  
 
 

 Invasive Species (3 species): Monitor 1 had the highest coverage rate for invasive species 
(approximately 27.4%), while other monitors exhibited lower rates ranging from 0% to 6.4%. 
The initial decrease in invasive species coverage was attributed to the delay effect of 
chemical control, and subsequent data showed a robust response of the agave's root 
system to those control measures. 

 Native Species (26 species): Native species coverage was relatively consistent across 
monitors, with rates ranging from approximately 3.6% to 6%. Monitor 5 recorded the highest 
coverage, while Monitor 3 showed the lowest. 

 Unknown Species (6 species): Coverage rates for unknown species were generally lower, 
ranging from approximately 1% to 5%. Monitor 8 had the highest coverage rate for unknown 
species, with several other monitors close to 1%. 

Figure 10 | Areas invaded by Agave americana (left photo – october 2021) and vegetation cover after IAS control (right photo – 
march 2022). 
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Statistical analysis revealed that the vegetation cover data did not follow a normal distribution, and 
significant differences were observed among vegetation categories (Invasive, Native, Unknown, 
Soil) based on the Kruskal-Wallis test (chi-squared = 311.44, df = 3, p-value < 0.05). However, no 
significant variation was found based on the number of monitoring events (Kruskal-Wallis chi-
squared = 11.37, df = 8, p-value > 0.05). These findings provide valuable insights into the response 
of different plant species to the control measures and the subsequent colonization dynamics (see 
differences in figure 10).  
 
Plots of Carpobrotus edulis 
As previously mentioned, C. edulis has significant impacts on native vegetation and its recovery. 
The control measures for C. edulis on Barreta Island were implemented between January 2021 and 
September 2022. In areas where restoration efforts were taken, recolonization started right after, 
with the successful installation of 50 different plant species (see list on annex 3). 
Analyzing the vegetation evolution trends in the means coverages of Exotic, Invasive, Native, and 
Unknown plants over multiple monitoring events were observed and displayed on figure 11. 

 
Figure 11 | Vegetation cover trends for different plant category (Exotic, Invasive, Native and Unknown) in plot of Agave americana. 
Monitor 1 – December 2020, Monitor 2 – January 2021, Monitor 3 – February 2021, Monitor 4 – March 2021, Monitor 5 – April 
2021,  Monitor 6 – May 2021, Monitor 7 – June 2021, Monitor 8 – July 2021, Monitor 9 – September 2021, Monitor 10 – October 
2021, Monitor 11 – November 2021, Monitor 12 – December 2021, Monitor 13 – January 2022, Monitor 14 – February 2022, 
Monitor 15 – March 2022, Monitor 16 – April 2022, Monitor 17 – May 2022, Monitor 18 – June 2022, Monitor 19 – September 
2022, Monitor 20 – October 2022, Monitor 21 – December 2022, Monitor 22 – January 2023 and Monitor 23 – April 2023.  
 
 

 Exotic Species (1 specie): Exotic species were found in low percentages across all 
monitorings, with none of the monitors recording any significant cover rate. The data 
showed a consistent absence of Exotic plant species, indicating that the study area remains 
largely free from this category. 

 Invasive Species (4 species): The distribution of invasive species exhibited substantial 
variation among the monitors. For the initial six monitoring periods, no invasive species 
were observed. Starting from the seventh monitoring period, there is a noticeable increase 
in the cover rate, reaching a peak of 7% cover rate in monitoring period 14. From monitoring 
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periods 18 to 23, invasive species began to increase due to the proliferation of the invasive 
species Oxalis pes-caprae." 

 Native Species (36 species): Native species coverage remained consistent across the 
monitors, with rates ranging from approximately 4.13% to 16.25%. Monitor 1 exhibited the 
highest coverage rate for Native species. In contrast, Monitors 5 and 19 recorded lower 
cover rates for Native species, suggesting potential variations in the composition of 
indigenous flora, mostly from annual species. 

 Unknown Species (11 species): The cover rates for Unknown species were relatively lower 
compared to Invasive and Native species, ranging from approximately 0.00% to 20.00%. 
Monitor 2 and 19 displayed the highest cover rate for Unknown species. 

 

Figure 12 | Areas invaded by Carpobrotus edulis (left photo – may 2020) and vegetation cover after IAS control (right photo – 
march 2022). 

 
Statistical analysis revealed that the vegetation cover data did not follow a normal distribution 
(Shapiro-Wilk Normality Test - W = 0.70168, p-value < 0.05), and significant differences were 
observed among vegetation categories (Invasive, Native, Unknown, Soil) based on the Kruskal-
Wallis test (Kruskal-Wallis chi-squared = 377.4, df = 4, p-value < 0.05) and on the number of 
monitoring events (Kruskal-Wallis chi-squared = 79.979, df = 22, p-value < 0.05). These findings 
provide valuable insights into the response of different plant species to the control measures and 
the subsequent colonization dynamics (see vegetation cover in figure 12). 

 

3.3   Floristic inventory in Barreta Island 
 
The floristic inventory of Barreta Island, was conducted in March and April 2023, coinciding with the 
flowering peaks of most species. The methodology applied for the inventory species was the same 
as Fagundes et al. (2022), specifically the action A1 – Mapping and monitoring of baseline 
information of endemic and alien plant species. Sixteen transects were established, covering the 
entire width of the island in a South-North orientation, with lengths ranging from 142 meters to 768 
meters. Within each transect (n=16), plots measuring 4 m² were identified at 60-meter intervals (see 
figure 1). A total of 106 plots were examined, and each plot was sampled once. The inventory 
involved identifying all present taxa and estimating vegetation cover through visual determination. 
The cover proportion for each species, as well as the percentages of soil (sand, bare ground, mud, 
and organic matter dry or in decomposition), were recorded. Coverage (%) were estimated as the 
total percentage cover of each species in all plots divided by the total number of vegetation plots. 
The native species were categorized according to Flora-on and the conservation status  based on 
the red book of vascular flora of Portugal. 
 
The floristic inventory identified a total of 39 plant species (see annex 4). Among these, 31 species 
were native, 2 were categorized as Low Concern, 1 as Vulnerable, 1 as Near Threaten, and 4 as 
unknow (identifying genus or family level). No exotic and invasive species were detected. 
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Figure 13 | Coverage (%) from each plant category. 
 
In Figure 13, we can observe that 58.01% of the area consists of soil devoid of vegetation. Only 
41.99% is covered by native vegetation, of which 5.14% corresponds to four species with 
conservation status: 2 with the status of Native Low Concern (Thymus carnosus & Trifolium 
campestre), 1 with the status of Native Vulnerable (Hypecoum littorale), and 1 with the status of 
Native Near Threatened (Zostera noltii). The four unidentified species (unknown) collectively 
occupy only 0.71% of their coverage rate. 
 
 

 
Figure 14 | Coverage (%) for native species. 
 
The coverage percentages of the most relevant group, native plants (see figure 14), varied from 
4.75% for Limoniastrum monopetalum to 0.04% for Sedum sediforme, illustrating the diverse 
distribution patterns of different native species across the study area (see table 4). Notably, species 
such as Paronychia argentea (4.23%), Helichrysum italicum ssp. Picardi (4.08%), and Sarcocornia 
perennis (3.83%) exhibited higher coverage percentages. On the other hand, native species like 
Crucianella maritima, Erodium laciniatum, and Plantago coronopus showed lower coverage 
percentages, indicating a more localized distribution in the area. Although not dominating in terms 
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of coverage, several species demonstrated to be present in many plots, whereas Malcomia littorea 
was present in 49.06% of the plots, Paronychia argentea in 48.11%, Silene niceensis in 41.51%, 
Corynephorus canescens in 37.74%, and Helichrysum italicum ssp. Picardi in 33.96%. 
 
Even when following the same methodology and sample points from the previous study (Fagundes 
et al. 2022), the quantitative comparison of the data becomes challenging. The installation of the 
plots in Fagundes' study was not permanent, and the relocation of new plots, associated with GPS 
errors, sometimes led to sites with different vegetation cover and species richness compared to the 
Fagundes et al. inventory. A superficial analysis of the vegetation cover of the main abundant 
species reveals minor differences. The main discrepancies are observed in the reduction of plot 
numbers to 106 (due to dune dynamics and the plots were located offshore), a decrease in species 
richness from 51 to 39 taxa, and the apparent disappearance of exotic/invasive taxas. 
 



4 | Assessing dune recovery at the gull 
control and exclusion areas (C2) 

 
 

4.1 Analysis of dune topographic changes  
 
From the early stages of monitoring, it was observed that dune changes would be relatively small 
and within the vertical errors of the traditional surveying methods (e.g. GNSS or DEM from drone 
surveys). Therefore, it was decided to study the topographic changes of the dunes with sub-
centimetric resolution using a total of 22 iron pins installed in the eastern and western gull exclusion 
zones in May 2020 (Figure 15a and b) (LIFE Ilhas Barreira, 2021). These pins were carefully 
anchored in the sand and distributed every two meters from the top of the dune ridge towards the 
dune through (Figure 1c and d), along two profiles, for each considered exclusion area (Figure 15c 
and d). Sand erosion or deposition data was obtained by measuring the sand surface level at each 
pin with a ruler approximately every three months, from May 2020 to December 2023. 

Figure 15 | (a) Location of the western and eastern degraded areas (image from 2014), (b) corners of both the 
exclusion and control areas (blue and red dots, respectively) extending from the dune crest to the dune trough 
(background image obtained from the Lidar 2011, DGT). Pin positions in (c) the western exclusion area (black dots), 
and (d) within the eastern exclusion area (black dots).  
 



Overall, the results showed minimal topographic changes to the dune in both gull exclusion areas. 
The majority of the pins (17) experienced slight erosion, with average net erosion values of 2.81 cm 
and 2.82 cm for the western and eastern gull exclusion areas, respectively. On the other hand, 
sediment deposition was only observed on three pins located in the western area (pins 14, 18 and 
20), which had an average net sand deposition value of 2.3 cm (Figure 16). Erosion ranged from -
0.9 cm to -5.8 cm in the western exclusion area, with pins 16, 21, and 22, located 8 m to 10 m from 
the dune crest, showing the highest values (-4.7 cm, -5.0 cm and -5.8 cm, respectively; Figure 16b). 
In the eastern area, erosion ranged from -1 cm to -6 cm, with the highest value recorded at pin 6, 
just 2 m from the top of the dune (Figure 16c). This erosive trend is most likely not related to wind-
induced sand transport, but rather to sand transport (grain flow) down the dune, which was mostly 
promoted by rain episodes. It was observed that heavy rainfall episodes, such as those that 
occurred on Barreta Island during the winter months of 2021 and 2022, seem to be the cause of 
the largest topographic changes observed, as several erosive water runoff channels, called gullies, 
were found across the dunes after these rainfall events. 
 
The results showed that there was no relevant change in the fixed behaviour of these dunes, even 
if they are poorly vegetated. Only a significant increase in the wind intensity (or extreme wind 
events) could promote aeolian sediment transport in both gull exclusion areas, and induce 
noticeable dune topographic changes over time. Therefore, no significant dune topographic 
changes could be attributed to gull-induced vegetation disturbance on Barreta Island.  
 



Figure 16 | (a) Sketch showing the location of the pins (black dots) in the western and eastern gull exclusion areas. Pin measurements in (b) the western exclusion area and in  (c) the eastern exclusion area 
(Note: net erosion and accretion values are shown in red and blue, respectively).  
 

 



4.2 Analysis of dune sedimentological changes  
 
Sediment sampling was carried out in both the western and eastern control and gull exclusion areas 
to check for possible sedimentological dune changes induced by gull pressure (see location in 
Figure 3a). A total of 24 samples (6 in each control and exclusion area) were taken from the dune 
surface (~1-2 cm) for each survey period, and brought to the laboratory for grain size analysis. 
Samples were collected during five survey periods from February 2020 to September 2022. 
Samples were dried in an oven at 50 degrees for 24 hours and sieved for 10 minutes using a column 
equipped with nine sieves (1000, 710, 500, 255, 250, 180, 125, 90 and 63 microns). The 
granulometric parameters of the sediment samples were obtained according to the Folk and Ward 
geometric method using the GRADISTAT software (Blott and Kenneth, 2001), namely the mean, 
mode and sediment sorting. 
 
4.2.1. Sediment grain size, mean and mode 
 
Overall, the mean grain size distribution across both the western and eastern control and exclusion 
areas was characterised by smaller grain sizes closer to the top of the dune ridge (locations (0,0) 
and (10,0)), corresponding to medium sand up to approximately 400 microns (Figure 17). The mean 
grain size gradually increased towards the dune through, and in some locations (especially in the 
western area) it reached sizes between 600 and 700 microns (locations (0,30), (10,30)), which can 
be classified as coarse sand (Figure 17). Mean sediment grain size did not change significantly 
within each site or over time in either the western or the eastern control and exclusion areas. 
Similarly, no substantial differences in mean grain size were observed between the exclusion and 
corresponding control areas. 
 
In terms of sediment grain size mode, all the samples collected were unimodal, with modes ranging 
from 300 to 430 microns and also increasing slightly from the top of the dune ridge towards the 
through (Figure 18). The mode remained constant in each location and over time, with only a few 
locations showing small fluctuations. There were no noticeable variations in the exclusion areas 
compared to the control areas.  
 
4.2.2 Sediment sorting 
 
Sediment sorting, which measures the sediment grain size distribution (or standard deviation) from 
the mean, showed that the sediment samples were mostly moderately well sorted (standard 
deviation from 1.41 to 1.62) and well sorted in some locations (standard deviation from 1.27 to 
1.41), with no significant changes over time (Figure 19). Again, no differences in sediment sorting 
were observed between the control and exclusion areas analysed. 
 
Grain size characteristics showed that the dune sediment on Barreta Island is dominated by 
moderately well sorted medium sand, which has not changed substantially over time in either the 
gull exclusion or the control areas. These results suggest that the pressure of gulls on the grey 
dunes has not contributed to a change in the sedimentology of the dunes so far. 

 



 
 
Figure 16 | (a) Sketch showing the location of the sediment samples (black crosses) in the gull and exclusion areas, (b) mean grain size in the western and eastern exclusion areas, and (c) mean grain size in 
the western and eastern control areas.  
 

 



 
 
 
 

Figure 18 | (a) Sketch showing the location of the sediment sampling (black crosses) in the gull and exclusion areas, (b) grain size mode in the western and eastern exclusion areas, and (c) grain size mode in 
the western and eastern control areas.  
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Figure 19 | (a) Sketch showing the location of the sediment sampling (black crosses) in the gull and exclusion areas, (b) sediment sorting in the western and eastern exclusion areas, and (c) sediment sorting 
mode in the western and eastern control areas.  
 

 



4.3 Analysis of vegetation coverage changes  
 
The recovery of dune vegetation following the implementation of the gull exclusion was investigated 
by conducting several drone surveys from December 2020 to December 2022 over the western and 
eastern control and exclusion areas, and usually in the months of March, September and December 
(the surveys were cancelled in summer due to the gull breeding season). Surveys were conducted 
with a DJI Phantom equipped with a 5-band multispectral camera (Figure 20a), planned using the 
DJI GS Pro app, flying at an altitude of 30 m and with a front and side image overlap of 80 and 70%, 
respectively. The multispectral images obtained in each area were georeferenced using a total of 
13 ground control points (GCPs) evenly distributed on the ground (Figure 20b and c), measured 
with an RTK-DGPS and processed with Metashape Pro. This resulted in 5-band mosaics and NDVI 
maps with a pixel size of 1.5 cm for each control and exclusion area.  
 

 
 
 
 
 
To analyse whether or not the exclusion areas contributed to an increase in vegetation cover 
(recovery) over the two-year monitoring period, a first assessment was made by comparing the 
annual percentage of vegetation coverage in December 2020, January 2022 and December 2022. 
Despite the fact that these months are expected to present less vegetation because they fall in 
winter, they still record perennial grey dune vegetation, which is a good indicator of recovery. In 
addition, these months fully cover the two-year period of analysis. The NDVI maps helped to identify 
the presence of live plants using a specific NDVI threshold, which was estimated for each survey 
and visually compared and validated with the RGB mosaics. After thresholding, the NDVI maps 
were re-classified in a GIS environment and used to distinguish sand and/or dead/dormant plants 
(class 1) from healthy plants (class 2) (see example of both classes in Figure 21). The previous 
classification groups were considered the most appropriate as the dead and some parts of the 
dormant plants often had very similar NDVI values (sometimes even identical to the NDVI values 

Figure 20 | (a) DJI Phantom Multispectral, (b) example of the GCP used, and (c) location of the 
western and eastern disturbed areas (image from 2014), showing the corners of both the 
exclusion and control areas (blue and red dots, respectively) and the GCP configuration used 
(black squares).  
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of the sand), making it difficult to isolate them from the sand. In this way, the healthy plants (and 
the healthy parts of some dormant plants) were captured by the classification. Once classified, the 
pixels belonging to the healthy plants (class 2) were counted and multiplied by the pixel size, 
allowing to estimate their percentage of coverage over time in all the areas of interest, and thus, to 
identify possible vegetation recovery within the gull exclusion and control areas. 
 

 
 
 
 
 
The results showed that the vegetation coverage measured in both the western and eastern control 
and exclusion areas decreased over the two-year monitoring period. In the western perturbed area, 
the healthy vegetation coverage in both the exclusion and control areas decreased by 9%, changing 
from 10% in December 2020 to almost 1% in January 2022 and December 2022. Similarly, although 
the eastern control area had a slightly higher vegetation coverage (16%) than the exclusion area 
(13%), the vegetation coverage in both decreased to nearly 2% in January 2022 and December 
2022. No significant differences were observed between the control and exclusion areas in either 
the western or eastern disturbed areas.  
 
To better understand the previous decreasing trend in the plant coverage, we should take into 
account the ruderalisation process that occurred in the gull breeding areas on Barreta Island during 
the last decade (LIFE Ilhas Barreira, 2020; Talavera et al., 2022). This process has resulted in a 
shift from the original vegetation coverage and composition that characterised the grey dunes prior 
to the gull colonisation, due to physical disturbance caused by gulls and changes in the soil 
chemistry caused by guano deposition. As a result, the flora has changed over the last decade from 
a high coverage of tall, perennial, slow-growing plant species (e.g. T. carnosus and H. italicum) to 
a dominance of short, fast-growing ruderal and opportunistic plant species (e.g. P. argentea and M. 
littorea) (Portela et al., 2023). This wide range of different flora (fast- and slow-growing, perennial 

Figure 21 | RGB mosaics (top panel) and classified NDVI maps (bottom panel) showing healthy annual plants 
(Vulpia spp.) in December 2020 that were dead died by December 2022, although some new healthy plants grew 
from germinated seeds of the former plants. 
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and/or annual and/or biannual plant species) found in these perturbed areas resulted in significant 
temporal variability in plant coverage. In addition, there are other external factors that control the 
dynamics of dune vegetation in these areas: the rainfall regime and the dune morphology. Indeed, 
in December 2020, both factors favoured the accumulation of organic matter and rainwater in the 
dune trough, providing optimal conditions for the growth of certain fast-growing and/or annual plants 
such as Vulpia spp.  

 
 
 
 
The growth of these grasses was responsible for the higher healthy plant coverage in December 2020 
compared to the rest of the years analysed (Figures 22 and 23). The above mentioned factors should 
be considered as they can potentially bias the analysis of changes in vegetation coverage and lead to 
a misinterpretation of the role, if any, of the black net and rubber rope in promoting vegetation recovery. 
 

Figure 22 | Classified NDVI maps in the western and eastern exclusion and control areas (left panel) and their percentage 
of vegetation cover (right panel) in December 2020, January 2022 and December 2022. 
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An additional visual analysis was performed using the May 2020 and March 2022 RGB mosaics, focus-
ing only on the presence/absence of the perennial Artemisia campestris. This plant, apart from being 
part of the original (grey dune) plant community, survived the shift and was abundant in the disturbed 
areas. In fact, during the two-years monitoring period, the growth of some individuals was observed both 
inside and outside the control and exclusion areas without distinction (see the green circles in Figure 
24). However, it is important to note that this plant was severely affected (Talavera et al., 2022) and may 
still be affected by gull pressure, as documented by the death of some of the plants during the monitoring 
period (see yellow circles in Figure 24).  
 

 
 
 
 
The above results indicate that no significant changes in the vegetation coverage have been observed 
following the installation of the seagull exclusion and control areas, and that full recovery of the original 
grey dune vegetation composition and coverage prior to the gull settlement in these areas will most 
likely only occurr when the disturbance (gulls) ceases and the initial soil chemical conditions are slowly 
restored. It also requires that the original grey dune plants succeed in competing with the ruderal plants 
with which they share the available space and resources. Nevertheless, and despite the fact that the 

Figure 23 | Photograph showing Vulpia spp. plants (yellow arrows) that grew where organic matter and water accumulated 
in the dune trough after intense rainfall episodes in Autumn 2020. These annual plants died the following year, with only a 
few seeds germinating and promoting plant growth again in December 2022 (see the top right panel in Figure 7). 

Figure 24 | RGB mosaics showing the disappearance (yellow circles) and growth (green circles) of Artemisia 
campestris in the eastern perturbed area from May 2020 to March 2022. 
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perennial plants that characterise the original grey dune plant composition, such as Artemisia cam-
pestris, have died due to gull pressure over the last decade, they have also been able to survive and 
even grow in this perturbed area (Figure 24), probably due to their greater tolerance to gull-induced 
pressure. The observed ability of these plants to grow could be attributed to the recent reduction in the 
Yellow Legged gull population (personal communication from SPEA and the University of Coimbra 
teams), and the consequent decrease in pressure (Oliveira et al., 2023). 
 
 



5 | Final considerations  

 
The recovery of the Grey Dune habitat on Barreta Island from a restoration and management 
perspective poses several challenges, primarily due to the complexity of factors to be considered 
and the limited time frame available to assess results. While characterizing different soil 
parameters, the observed changes aligned with expectations. However, the short timeframe and 
limited sample size may have hindered the detection of differences in parameters between sample 
locations. Monitoring vegetation cover after controlling Acacia, Agave, and Carpobrotus areas 
provided valuable insights into the recovery of Grey Dunes. Comprehensive data collection and 
analysis enabled a deeper understanding of the ecological composition of the monitored plots. The 
results revealed distinct trends, demonstrating significant differences in vegetation cover among 
plant categories. Native species exhibited relatively stable coverage over the monitoring periods, 
indicating a good colonization capability even with the management interventions. In contrast, 
invasive species displayed fluctuations in coverage that suggest the need of a continuas 
management and monitor efforts to control the growth of invasive species, as evident from the rapid 
regeneration of Oxalis pes-caprae, A. saligna, and A. americana. Additionally, areas previously 
disturbed by IAS showed the establishment of new native species, often related to continental 
habitats (ruderal species). The overall analysis through the floristic inventory of Barreta Island 
offered valuable insights into the diversity and distribution of native plant species. The findings 
emphasize the importance of conservation efforts for certain vulnerable and near-threatened 
species with limited coverage. The absence of exotic and invasive species suggests the potential 
for maintaining the island's ecological balance. In conclusion, this study provides crucial insights 
into the effectiveness of invasive species control measures and the subsequent recovery of native 
vegetation on Barreta Island.  
The monitoring of the dune topography and sedimentology at the control and exclusion areas 
showed that gull pressure during the last decades have not altered the fixed nature of the dunes in 
Barreta Island. The minimal changes observed were attributed to strong rainfall events rather than 
gull pressure. Lastly, the exclusion areas have not favoured the recovery of the native grey dune 
vegetation coverage and/or composition during the 2-year monitoring period. Recovery was and 
will be conditioned by factors such as the rainfall regime, the dune topography, gull demography 
and the plant competition for the available space and resources. 
All the findings underscore the need for ongoing monitoring and long lasted measures to ensure the 
long-term sustainability of the island's ecosystem. Continuous efforts to monitor and control invasive 
alien species are essential to maintain the ecological balance and biodiversity of Barreta Island. 
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7 | Annexes  
 
 
 

 
ANNEX 1 | Species list recorded on plots A. saligna.  
 
 
Exotic (1 specie) 
Crepis bursifolia 
 
Invasive (4 species) 
Acacia saligna 
Carpobrotus edulis 
Oxalis pes-caprae 
Pelagornium inquinans 
 
Native (31 species) 
Anthemis maritima 
Artemisia crithmifolia 
Bromus hordeaceus 
Bromus rigidus 
Cakile maritima 
Chenopodium murale 
Corynephorus canescens 
Crepis foetida 
Ferula communis 
Hordeum murinum 
Hypecoum littorale 
Hypecoum procumbens 
Hypochaeris glabra 
Linaria pedunculata 
Lolium rigidum 
Lotus creticus 
Malcolmia littorea 

Native (31 species) 
Medicago littoralisge 
Medicago marina 
Mercurialis annua 
Pancratium maritimum 
Paronychia argentea 
Reichardia gaditana 
Seseli tortuosum 
Silene niceensis 
Solanum nigrum 
Sonchus asper 
Sonchus oleraceus 
Sonchus tenerrimus 
Thymus carnosus 
Urospermum picroides 
 
Unknown (9 groups) 
Crepis sp. 
Euphorbia ssp. 
Hordeum ssp. 
Lactuca ssp. 
Lycopersum ssp. 
Mercurialis ssp. 
Poaceae 
Trifolium ssp. 
Urtica ssp. 
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ANNEX 2 | Species list recorded on plots A. americana. 
 
Invasive (3 species) 
Agave americana 
Carpobrotus edulis 
Oxalis pes-caprae 
 
Native (26 species) 
Anacyclus radiatus 
Anthemis maritima 
Artemisia crithmifolia 
Bromus rigidus 
Corynephorus canescens 
Crucianella maritima 
Cyperus capitatus 
Echium gaditanum 
Erodium laciniatum 
Euphorbia peplus 
Helichrysum italicum ssp. Picardi 
Hypecoum littorale 
Linaria pedunculata 
Lotus creticus 

 

Native (26 species) 
Malcolmia littorea 
Medicago littoralis 
Pancratium maritimum 
Paronychia argentea 
Pseudorlaya minuscula 
Pseudorlaya pumila 
Reichardia gaditana 
Seseli tortuosum 
Silene niceensis 
Sonchus tenerrimus 
Thymus carnosus 
Urospermum picroides 
 
Unknown (6 groups) 
Chenopodium  ssp. 
Crepis ssp. 
Lactuca ssp. 
Poaceae 
Sonchus ssp. 
Trifolium ssp.

  



 

38 | Monitoring of the impact of the project actions. Deliverable D1 

 
ANNEX 3 | Species list recorded on plots C. edulis. 
 
 
Exotic (1 specie) 
Matthiola incana 
 
Invasive (4 species) 
Agave americana 
Carpobrotus edulis 
Oxalis pes-caprae 
Pelagornium inquinans 
 
Native (34 species) 
Ammophila arenaria 
Anthemis maritima 
Artemisia crithmifolia 
Bromus hordeaceus 
Bromus rigidus 
Cakile maritima 
Carduus meonanthus 
Chenopodium murale 
Corynephorus canescens 
Crucianella maritima 
Cynodon dactylon 
Cyperus capitatus 
Echium gaditanum 
Erodium laciniatum 
Hypecoum littorale 
Linaria pedunculata 
Lolium rigidum 
Lotus creticus 
Malcolmia littorea 
 
Native (34 species) 
Medicago littoralis 
Mercurialis annua 
Pancratium maritimum 
Paronychia argentea 
Phagnalon saxatile 
Pseudorlaya minuscula 
Pseudorlaya pumila 
Reichardia gaditana 
Salsola vermiculata 
Senecio gallicus 
Seseli tortuosum 
Silene niceensis 
Sonchus tenerrimus 
Suaeda vera 
Thymus carnosus 
 
Unknown (11 groups) 
Anisantha sp. 
Armeria sp. 
Crepis sp. 
Hordeum sp. 

Hypericum sp. 
Lactuca sp. 
Pelargonium sp. 
Poaceae 
Sonchus sp. 
Trifolium sp. 
Urtica sp.



 
 
ANNEX 4 | Species coverage (%) by plant category. 
 
 
 
Soil  58,01% 
Mud  0,19% 
Organic Matter  7,96% 
Sand  49,86% 
 
Native (31 species) 36,16% 
Ammophila arenaria 2,04% 
Anthemis maritima 0,14% 
Artemisia crithmifolia 3,00% 
Cakile maritima 0,06% 
Corynephorus canescens 2,45% 
Crucianella maritima 0,64% 
Erodium laciniatum 0,63% 
Eryngium maritimum 0,19% 
Helichrysum italicum ssp. Picardi 4,08% 
Limoniastrum monopetalum 4,75% 
Lolium rigidum  0,23% 
Lotus creticus  0,35% 
Malcolmia littorea  1,51% 
Medicago littoralis 0,25% 
Medicago marina  0,58% 
Otanthus maritimus 0,28% 
Pancratium maritimum 0,66% 
Paronychia argentea 4,23% 
Plantago coronopus 0,38% 
Polycarpon alsinifolium 0,06% 
Polygonum maritimum 0,10% 
 
Native (31 species) 36,16% 
Reichardia gaditana 0,14% 
Sarcocornia fruticosa 0,99% 
Sarcocornia perennis 3,83% 
Sedum sediforme  0,04% 
Senecio gallicus  0,36% 
Seseli tortuosum  1,05% 
Silene niceensis  1,72% 
Sonchus tenerrimus 0,06% 
Sporobolus pungens 0,05% 
Suaeda vera  1,34% 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Native Low Concern (2 species) 2,41% 
Thymus carnosus  2,40% 
Trifolium campestre 0,01% 
 
Native Near Threatened (1 sp.) 2,64% 
Zostera noltii  2,64% 
 
Native Vulnerable (1 specie) 0,09% 
Hypecoum littorale 0,09% 
 
Unknown (4 groups) 0,71% 
Limonium ssp.  0,14% 
Linaria ssp.  0,01% 
Poaceae  0,53% 
Trifolium ssp.  0,03% 


