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Summary 

In the current climate change situation, one of the most serious ecological threats is the increase of 

desertification risks. These risks are especially high in the Mediterranean basin. In this context, the 

LIFE project ‘The Green Link’ (LIFE15 CCA/ES/000125) was launched with the aim of testing a new 

planting technology, the Cocoon, which increases the seedling survival in new plantations. The 

Cocoon consists of a donut-shaped container basically made out of recycled cardboard. The 

container holds 25 liters of water. Within the central space a seedling is planted. Its design aims to 

provide water and shelter to the seedling during its first year, the most critical for plant 

establishment. 

The Cocoon was tested in seven planting trials, five of them in Spain (Canary Islands, Almería, 

Catalonia and two in Valencia), one in Calabria (Italy) and one in Ptolemais (Greece). The areas 

included in the project cover a variety of soils, Mediterranean mesoclimates, vegetation and land 

uses that allowed testing the effectiveness of the Cocoon methodology in different situations. With 

the objective of studying its functionality, the survival of the seedlings and their vigor were analyzed 

along with their growth. The degradation and incorporation to the soil of the Cocoon was also 

measured. The evolution of the plantation areas was also monitored through data on the structure, 

composition and vegetation diversity. Additionally, soil characteristics and fauna presence in the 

restored areas were also monitored. 

In general, Cocoon has proven its effectiveness by increasing seedling survival compared to the 

control group, especially under dry growing conditions (low rainfall, soils with low water retention 

capacity). Cocoon also allowed a higher growth of some species (olive trees, olm oaks and alepo 

pines). However, for other species these differences were less evident. A positive correlation 

between the rainfall of the site and the degradation degree of the Cocoon device was observed. 

Overall, and after three years of monitoring, it is possible to state that restoration of the areas shows 

a positive trend. 

 

 

Keywords:  

Desertification, Restoration, Plantation, Reforestation, Climate change adaptation, Cocoon. 
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1. Introduction 

In the current climate change situation, one of the most serious ecological problems is the increased 

risk of desertification. According to the United Nations Convention to Combat Desertification, the 

areas with the highest susceptibility to desertification are dry, arid, semi-arid and sub-humid areas 

(MAP, 2019) like large part of the Mediterranean region. These "drylands" occupy 41% of the 

planet's land surface and are inhabited by 2 billion people (MEA, 2005). These areas have in common 

that the ratio between annual precipitation and potential evapotranspiration is between 0.05 and 

0.65 (MAP, 2019). 

The report 'Ecosystems and human well-being: Synthesis on Desertification' (MEA, 2005), estimates 

that desertification and its consequent reduction of ecosystem services, can threaten future 

improvements in human well-being and reverse achievements in both dryland areas as in those that 

are not, because many times the last ones are affected by climatic impacts such as dust storms or 

floods. Its effects must also be considered globally. Desertification entails a loss of the ability to 

capture carbon and a loss of biodiversity of flora and fauna associated with these plant communities, 

reducing primary production, microbial activity and modifying the nutrient cycle, increasing the 

degradation of soil (MEA, 2005). The consequences of desertification are either it causes, thus 

becoming a system that feeds back. Therefore, combating desertification becomes one of the great 

global environmental challenges. 

However, at the local level, desertification may depend on the combination of multiple factors and 

site-specific processes that may aggravate the problem. These include indirect factors such as 

population size pressure, political and socioeconomic factors, but also direct factors such as land 

use and management apart from climate-related processes. The main aggravating factors at the 

local level are (MAP, 2019): seasonal droughts with extreme rainfall variability and/or heavy rains, 

poor soils prone to erosion, steeped slopes that increase the force of runoff, recurrent forest fires 

causing loss of forest cover, crisis of traditional agriculture (which causes land abandonment), 

unsustainable exploitation and salinization of aquifers, bad agricultural and livestock practices and 

overpopulation in some areas. 

All these factors cause a direct impact and stress on the vegetation and its growth. Most of these 

conditions occur or have historically occurred throughout the Mediterranean basin. Specifically, 

more than two thirds of the Spanish territory are classified as dry, semi-arid and dry subhumid areas, 

and more than two thirds of these territories present a risk of desertification to a greater or lesser 

degree (MAP, 2019; WWF, 2016). 
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Reforestation efforts in the Mediterranean region cannot be considered profitable at present due 

to the slow growth of planted seedlings and the extremely high mortality rates (Valdecantos et al. 

2014). Plantations suffer water stress, with droughts that last between 3 and 5 months, and even 

nutrient limitations when the seedlings are transferred to the soil (Valdecantos et al. 2006), typically 

poor in the Mediterranean region (Díaz - Hernandez et al. 2003). Even if reforestation is carried out 

with regular irrigation, the survival rate is at most 50% for many species, but in many cases even 

lower since root systems with inadequate irrigation do not penetrate into deep soil and remain in 

the surface layers (FAO, 1989). 

The LIFE ‘The Green Link’ project (LIFE15 CCA/ES/000125) was launched in this context. LIFE is the 

financial instrument of the European Union to support environmental, nature conservation and 

climate action projects carried out in member countries. Within the area of climate change, projects 

financed are those that focus adaptation, by promoting more resilient communities, stimulating the 

protection of natural resources and ecosystems, and encouraging adaptive technologies. LIFE ‘The 

Green Link’ project aims to test an innovative planting method, through seven trials in three 

Mediterranean countries affected by desertification, based on the use of the Cocoon device which 

is explained below. 

The Cocoon device consists of a donut-shaped container made of recycled cardboard by the Dutch 

company Land Life Company. This bowl has a capacity of 25 liters of water and a central space to 

install the seedling. Its design aims to provide water and shelter to the seedling during its first year, 

the most critical for its implementation. For its installation, the soil must be prepared beforehand 

digging a hole where this device will be introduced (Figure 1). Over time it will degrade and be 

integrated into the ground. The device has different versions: CO (Cocoon with non-biodegradable 

wicks), 1-thread (with a wick), 0-thread (without wicks) and COBW (with biodegradable wicks). 
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Figure 1. Cocoon scheme and functioning. 

 

The objective of this work has been to analyze the results of Cocoon and plantations efficacy, 

obtained from data collected in the different field trials carried out in the context of this project in 

7 areas. The main parameters evaluated have been seedling survival, vigor, and growth to verify the 

effectiveness of this technology in the wide range of land use and environmental conditions 

presented by the different study areas. The degradation of the device has also been studied to 

analyze its incorporation into the soil and the effect on competition with weeds and shrubs. Finally, 

the recovery of the accompanying vegetation in the plantation areas have also been analyzed. 
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2. Study Areas 

The Green Link project was located in 3 countries: Spain, Italy and Greece. Spain has 5 

demonstration areas located in El Bruc (Catalonia), Jijona and Tous (Valencia), Sierra de María 

(Almería) and Tifaracás (Gran Canaria); while Italy and Greece have only one study area each, 

located in San Marco Argentano (Calabria) and Ptolemais (Macedonia) respectively (Figure 2). These 

plantation areas were previously described and evaluated on different aspects such as current 

management practices and historical land uses, geographical location, topography, soil, hydrology, 

vegetation or fauna (CREAF, 2017).  

 

Figure 2. Localization of the field trials. 

The areas included in the project cover a variety of soils, Mediterranean mesoclimates, vegetation 

and land use that allow testing the effectiveness of the Cocoon methodology in different conditions. 

As a summary, the main edaphic parameters analyzed are presented in table 1. It can be seen that 

these soils cover a wide range of conditions. We find from forest soils with important organic matter 

content in El Bruc and Tous, to poor soils in organic matter in San Marco Argentano, Jijona and 

Tifaracás. In Ptolemais the soil comes from mining debris of the former coal mine where the 

plantation is located, therefore it presents very high content of carbonates and coal. For this reason 

the high organic matter content detected in Ptolemais samples is very likely an artifact since the 

method used for determining organic carbon (LOI, Loss Of Ignition) can volatilize some mineral 

fractions, like the more volatile parts of coal (García and Ahrens, 2014). 

  

  
Sierra María 

Jijona 

El Bruc 
San Marco 

Tifaracás 

Ptolemais 

Tous 
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Table 1. Main soil characteristics of the study areas. Values represent mean ± standard error. SOM, 

soil organic matter; CEC, cation exchange capacity; WRC, water retention capacity; SOC, soil organic 

carbon. 

Site Texture 
CaCO3 

(%) 
SOM 
(%) 

CEC (cmol 
kg-1 ) 

pH water 
(1:2,5 
w/v) 

pH water 
(saturate
d paste) 

SOC stock 
(T/ha) 

Sierra de 
María 

Loam 
clayey 

44,36 ± 
29,32 

2,13 ± 
1,34 

18,86 ± 
12,59 

8,62 ± 
0,24 

7,80 ± 
0,17 

37,57 ± 
18,71 

El Bruc Clayey 
sandy 

28,74 ± 
11,33  

3,28 ± 
1,65 

14,18 ± 
3,39 

8,45 ± 
0,38 

7,72 ± 
4,03 

58,03 ± 
26,18 

Tous  Clayey 9,44 ± 
13,93 

3,39 ± 
1,30 

28,14 ± 
5,43 

8,18 ± 
0,14 

7,49 ± 
0,28 

26,69  ± 
9,59 

Jijona Loam 77,92 ± 
6,83  

1,79 ± 
1,18 

11,57 ± 
4,96 

8,93 ± 
0,17 

7,82 ± 0,2 27,67  ± 
6,21 

Tifaracás Clayey 7,12 ± 
3,69 

1,49 ± 
0,37 

41,79 ± 
1,06 

8,52 ± 
0,19 

7,60* 13,22  ± 
4,83 

San Marco 
Argentano 

Clayey 
sandy 

17,92 ± 
3,27 

0,60 ± 
0,16 

10,83 ± 
1,67 

8,74 ± 
0,08 

7,96 ± 
0,08 

62,88  ± 
6,39 

Ptolemais Sandy 67,26 ± 
14,69 

7,47 ± 
14,39  

24,49 ± 
13,67 

8,26 ± 
0,32 

7,66 ± 
0,19 

29,19 ± 
14,02 

 

El Bruc (Catalonia, Spain) 

This area is located in the province of Barcelona, in the municipality of El Bruc. It has a total surface 

of 700 ha covered by forest or privately-owned crops. Spread over this zone, 6 different sub-areas 

of plantation were performed. 

This area has a Mediterranean climate (Csa: Köppen Classification) characterized by hot and dry 

summers, and mild and humid winters. The highest average monthly maximum temperature occurs 

in June with an average of 22.1 º C while the lowest is located in January with an average of 6.7 º C. 

It has a total annual rainfall of 666 mm/year spread over 46 days, and a dry period of 3 months. 

The reforestation of this area was proposed because in August 2015, a forest fire affected a total 

area of approximately 1,300 ha, which had also been partially affected by another fire in 1986, so 

there were areas with a high level of degradation. 

Jijona and Tous (Valencia, Spain) 

In Valencia there are two plantation sites. The first one is in the municipality of Tous, province of 

Valencia. It has an area of 5 ha owned by Generalitat Valenciana, occupied by Mediterranean forests 

and pastures. 

This area has a semi-arid cold climate (BSk: Köppen Classification), with dry and warm summers and 

mild winters. The highest average monthly maximum temperature is in August with an average of 
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25.5 º C while the lowest is in January with an average of 10.6 º C. It has a total annual rainfall of 

424 mm/year spread over 44 days, and a dry period of 3 months. 

This location has suffered several forest fires, the last one in 2014. Because the stoniness and rock 

outcrops in this area only shrubs and small plants grow. Considering this situation, a mixture of 

ecologically interesting trees were planted, to create a new green area which should give a boost to 

local biodiversity. 

The other planting area is located in the Municipality of Jijona, 25 km north of the city of Alicante. 

It has an area of 4 ha. It presents the same Köppen classification (BSk), but with slight variations. 

The highest average monthly maximum temperature is in August with an average of 24.7 º C while 

the lowest is located in January with an average of 8.9 º C. It has a total annual rainfall of 445 

mm/year spread over 45 days, and a dry period of 4 months. 

This region is well known for the extensive almond tree plantations. However, over time, agricultural 

lands have been abandoned and degraded. The objective is to improve extremely dry and eroded 

soils, turning them into more fertile ones, as well as offering an economic alternative to farmers. 

Sierra de María (Almería, Spain) 

The fourth planting area is located in the province of Almería. The restoration site is located on a 

private plot located on a ravine within Sierra María - Los Vélez Natural Park, in the municipality of 

Chirivel. It occupies an area of 10 ha without any current land use. 

Like the study areas located in the Valencian community, it has a semi-arid cold climate (BSk: Köppen 

Classification), but being a bit more extreme. In this location, the average monthly maximum 

temperature is 30.3 º C while the lowest is 0.8 º C. Precipitation is also lower with values of 350 

mm/year spread over 33 days. However, the dry period only takes two months (July and August). 

The challenges of this trial were to improve the connectivity between the green surfaces of the 

neighbor areas, to introduce different productive crop species (almond trees) and to improve the 

eroded soils. 
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Tifaracás (Gran Canaria, Spain) 

The plantation area is located in the Natural Park "Tamadaba" (SAC ES0000111 and SPA ES0000346), 

which is included in the Gran Canaria Biosphere Reserve and the European Natura 2000 network. 

The plantation covers an area surface of 12 ha, owned by the Cabildo de Gran Canaria. 

It has a semi-arid warm climate with hot summers (maximum 28.6 º C), mild winters (14.3 º C), with 

some minimum rainfall that does not exceed 177 mm/year and often falls as heavy rains. The dry 

period lasts about 10 months. 

As in the previous study area, the objective of the trials was to increase the connectivity between 

the green spaces in the protected zone, and improve eroded soils. 

San Marco Argentano (Calabria, Italy) 

San Marco Argentano is a municipality in the province of Cosenza, located in the Italian region of 

Calabria. In this rural region, agriculture stand for the basis of the economy. Because of the frequent 

droughts and floods, and the growing negative human influence on the territory, the area has 

suffered abandonment of farmland, causing soil degradation. In addition, high rainfall have caused 

water erosion to catalyze a desertification process. 

This area is characterized by a Mediterranean climate with warm summers (Csa: Köppen 

Classification). It has a humid temperate climate with dry and very hot summer characterized by 

warmer months with a temperature above 22 °C. The precipitation is higher than in the plantation 

areas located in Spain, with 914 mm per year distributed in 118 days. 

The challenge of the project was to restore an old extractive activity of about 10 ha, with soils 

especially vulnerable to erosion, demonstrating the feasibility of Cocoon for this purpose, using 

mainly tree-crop agricultural species. 

Ptolemais (Western Macedonia, Greece) 

The last planting area is in Greece, in Ptolemais area, which is part of the Municipality of Eordaia. It 

has a surface area of 10 ha owned by the Public Power Corporation, the largest electricity company 

in Greece partially controlled by the government. This area was a lignite mine, now in restoration 

process. It is an area of Mediterranean climate (Cfa: Köppen classification) characterized by hot and 

dry summers and cool winters. The highest temperatures are in July (32.5 ºC) and the lowest in 

January (1.8 ºC). It presents an average annual rainfall of 570 mm spread over 87 days a year. The 

dry season lasts 3 months and includes the period between July and September. 
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The challenge for the restoration of this area was to establish a tree plantation on the mine techno-

soils made with mining debris from the coal exploitation. 

3. Planting 

The planting scheme used in the ‘The Green Link’ project is based on the combination of seedlings 

planted directly in the soil (controls) as a traditional way and seedlings planted with Cocoon. Each 

control was surrounded by several associated Cocoon, depending on the planting possibilities of the 

site. As a general rule, a 1:3 control:cocoon ratio was placed. Therefore, each control provides 

measures paired with its associated Cocoon, so an encoding system was set that allowed data 

coupling. In Ptolemais, Tifaracás and San Marco Argentano, tests were carried out with the different 

versions of the Cocoon device, as well as with some modifications: Standard Cocoon (CO), Cocoon 

filled with half water (COHW), Cocoon with biodegradable wicks (COBW), Cocoon with a wick (1-

thread) and Cocoon without wicks (0-thread). In order to evaluate the differences between the 

different versions and the assayed planting techniques, a selection of the different treatments in 

the Cocoons was monitored: 

• 1378 controls 

• 5385 Cocoon-standard in all areas studied. 

• 41 Cocoon with biodegradable wicks in San Marco Argentano, Ptolemais and El Bruc. 

• 47 Cocoon with half water in Tifaracás and Ptolemais. 

• 10 Cocoon with a single wick in Tifaracás. 

• 30 Cocoon without wicks in Tifaracás and Ptolemais. 

 

In general, the plantation was carried out in two phases, a first one in autumn 2016, and a second 

one in spring-summer 2017. The controls were watered once planted and no watering was 

repeated, except for the Pinus canariensis controls in Tifaracás, which were re-watered during the 

first summer. 
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4. Monitoring parameters 

To perform the monitoring, measures of different parameters related to the survival and condition 

of the plants, the degradation of the ‘Cocoon’ and the recovery by passive restoration of the 

plantation areas were taken. These data were obtained in two field campaigns, one just after 

planting, before summer 2017, and another after two years, in spring 2019. To standardize 

fieldwork, a monitoring protocol designed by CREAF was applied on 7 planting areas (CREAF, 2019). 

4.1 Vigor 

Seedling vigor is an indicator of plant health, which can also provide information on survival. The 

vigor was evaluated in the field cataloging the seedlings in 5 groups indicative of their health or 

physiological state: 

3: Healthy seedling, with more than 75% of green, not wilted leaves. Also active growing 

points (apices) may be visible 

2: Affected seedling, with 25-75% of the leaves being wilted, yellow or brown 

1: Severely affected seedling with less than 25% of the leaves being green (i.e. the majority 

wilted, yellow of brown) 

0: Presumably dead seedling with no or only wilted leaves. Seedlings, however, may still 

recover by resprouting after a rain event 

R: Resprouted seedling 

 

4.2 Seedling growth 

Seedling growth was evaluated by measuring the maximum height of the plant, from the crown of 

the root to the apex of the bud, using a metric field ruler. To estimate the size or volume of the tree, 

the diameter of the stem at the base (basal diameter) of the tree was measured at a height of 10 

cm above soil surface with a caliper. 

Root growth data was also collected. This parameter was analyzed digging carefully up a selection 

of plants in the field, measuring the length and weight of the root, together with the weight of the 

corresponding aerial part. 

4.3 Cocoon degradation 

To qualitatively assess the degradation/incorporation of Cocoon to the soil, a score based on 4 

categories from least to highest degradation was made. 
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In addition, other observations were noted such as the presence of water in the Cocoon bowl (WP), 

the presence of a compacted soil pillar in the central column (SP) and the clogging of the bowl (half-

sealted bowl, HSB; fully-sealted bowl, FSB ). 

4.4 Vegetation structure 

The growth of the accompanying vegetation is an indicator of the restoration of the site, so the 

evaluation of the structure and composition of this vegetation allows to determine the restoration 

progress (Carabassa et al., 2019). 

To evaluate the accompanying vegetation on each experimental site, 25 m long transects were set 

up, and the type of main plant cover (herbaceous, woody, other) and the height of the dominant 

species were recorded every 20 cm. Woody species were identified and its height was measured. 

According to the work protocol, it is necessary to distinguish between herbaceous cover, the cover 

of woody species (shrubs and trees) and other types of soil cover (leaf litter, dry branches, plant 

remains). A minimum of 3 transects per hectare were made, parallel and perpendicular to the slope 

line. The position of transects were the same in all measurement campaigns. 

4.5 Composition of vegetation (biodiversity) 

To determine the composition of vegetation, inventories were made in which the visible plant 

species (herbaceous, shrubs and trees, including those planted) were identified in the plantation 

areas or sub-zones. For each species, an estimate of abundance and dominance in the zone or sub-

zone following the semiquantitative scale: 

1: testimonial 

2: low frequency (<25% of land cover) 

3: high frequency (25% -75% ground cover) 

4: dominant (> 75% land cover) 

Subsequently, the identified plants were grouped by taxonomic families and location.  

4.6 Adjacent vegetation 

In order to detect the effect of the Cocoon device on the adjacent vegetation, a microsite scale 

analysis was performed on the perimeter of a seedling selection. The effect of Cocoon on the 

herbaceous vegetation cover and its biomass was evaluated by drawing a 1 m diameter circle around 

the seedling, using a plastic pipe or metal circle, where the herbaceous cover was measured. To 

determine the biomass of the surrounding vegetation, it was collected and weighed (wet and dry 

weight, after drying at 60 °C for 4 days). 
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4.7 Fauna 

This parameter evaluates the entrance of animals to the restored area through direct and indirect 

observations. Fauna entrance and colonization were measured during field sampling. Observations 

such as footprints, feces, lairs, nests and direct observations were reported according to Carabassa 

et al. 2019. 

4.8 Statistical analyzes 

Plant-height, diameter growth and root development were analyzed using STATGRAPHICS 

Centurion XVIII, StatView and R Studio. Since the data does not follow a normal distribution, the 

significance tests between the different treatments were performed using the Kruskal-Wallis test. 

For the determination of significant differences, a value of α = 0.05 has been used.  
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5. Results 

5.1 Seedling survival and growth 

Analyzing the vigor values together for all the study areas, differences in the survival of the species 

can be observed (Figure 3). Seedlings that were planted with the Cocoon methodology show greater 

survival, close to 60%, while in control seedlings is lower to 40%. Regarding the vigor of the survivors, 

in both cases the seedlings with good health predominate, although with a higher percentage in the 

Cocoon treatment that have only few plants severely affected or resprouted.  

Figure 3. Global distribution of the health status or vigor of monitored seedlings planted in The 

Green Link project two years after plantation (May-June 2019) 

 

However, some particular tendencies can be observed when the data is analyzed for each of the 

planting areas: 

Almería 

The results in Almería plantations differ from the general trend. There are no differences in seedling 

mortality between control and cocoon treatment, being 37% in both cases. In addition, control 

seedlings have better vigor status, with a greater number of healthy seedlings (36%) compared to 

those with Cocoon (26%) (Figure 4).  
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Figure 4. Global distribution of the monitored seedlings planted in Sierra María (Almería), according 

to their physiological state in May-June 2019. 

If we analyze the results per species, we can see a similar tendency for the almond tree plantations 

(Guara and Lauranne varieties) (Figure 5). Moreover, we observe statistically significant differences 

for the growth in height and diameter (Figure 6). 

 

 

Figure 5. Distribution of the monitored seedlings planted in Sierra María (Almería) per species, 

according to their physiological state in May-June 2019. 0=death seedling; 1=severely affected 

seedling; 2=affected seedling; 3=healthy seedling; R=resprouted seedling. 
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Figure 6. Growth in height and diameter between 2017 and 2019 in almond tree seedlings. Bars 

show standard error. Different letters show statistically significant differences (α=0.05%). 

 

For Tamarix gallica, survival in Cocoon individuals is very low, with a mortality rate close to 75%, 

although after the autumn rains of 2019 many of the apparently dead individuals have resprouted. 

However, mortality in the control treatment reaches 100% and in this case no regrowth has been 

observed after the rains in autumn 2019. Rosmarinus officinalis does not show great differences 

between treatments, being the survival and vigor of the plants very similar in both treatments 

(Figure 5). Moreover, the growth in both treatments is not statistically different (Figure 7). 

  

Figure 7. Growth in height and diameter between 2017 and 2019 in Rosmarinus officinalis seedlings. 

Different letters show statistically significant differences (α=0.05%). 
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Ptolemais 

Survival in Ptolemais’ plantations is high on all treatments. The percentage of affected seedlings is 

very low, and only appears in the Cocoon treatment (Figure 8). The mortality basically affects 

Cupressus sempervirens specimens (Figure 9). 

 

Figure 8. Global distribution of the monitored seedlings planted in Ptolemais (Greece), according to 

their physiological state in May-June 2019.  

 

 

Figure 9. Distribution of the monitored seedlings planted in Ptolemais (Greece) per species, 

according to their physiological state in May-June 2019. 0=death seedling; 1=severely affected 

seedling; 2=affected seedling; 3=healthy seedling; R=resprouted seedling. 

Regarding growth, no statistically significant differences were found between treatments for height 

and diametric growth in Cupressus sempervirens (Figure 1 and 2, Annex 1). However, very significant 

differences were found in Quercus trojana, both for diameter and height (Figure 3, Annex 1).  
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San Marco Argentano 

In the study of the vigor of the plantation in San Marco Argentano, the clearest differences between 

the treatments can be observed (Figure 10). Control seedlings have a high mortality (90%), and more 

than half of the remaining seedlings are more or less affected by drought. On the contrary, the 

seedlings with Cocoon show high survival in both treatments, but higher in the treatment with 

biodegradable wicks (94%) than in the treatment without them (83%). 

 

Figure 10. Global distribution of the monitored seedlings planted in San Marco Argentano (Italy), 

according to their physiological state in May-June 2019.  

At the species level this trend of high mortality of controls is maintained for all planted species, 

except Arbutus unedo that has better survival rates in controls (40%) than in Cocoons (34%) (Figure 

11).  
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Figure 11. Distribution per species of the monitored seedlings planted in San Marco Argentano 

(Italy), according to their physiological state in May-June 2019. 0=death seedling; 1=severely 

affected seedling; 2=affected seedling; 3=healthy seedling; R=resprouted seedling. 

Due to the high mortality of the controls, growth comparisons could be made only for Arbutus unedo 

(Figure 5, Annex 1).  

For the two types of Cocoons assayed with Ficus carica, there are statistically significant differences 

between them, giving better growth rates in the Cocoons without biodegradable wicks, for both 

height and diameter growth (Figure 6, Annex 1). 
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Tifaracás 

In the plantation carried out in Tifaracás, on the island of Gran Canaria, high mortality rates were 

observed in all treatments (Figure 12). However, it stands out that, unlike in the rest of the zones, 

the lowest mortality occurs in the control seedlings (62%). The controls also have the highest 

proportion of healthy seedlings, although the differences with the Cocoon treatment decrease over 

time.  

 

Figure 12. Global distribution of the monitored seedlings planted in Tifaracás (Gran Canaria), 

according to their physiological state in May-June 2019.  

However, at the species level, these trends change and are not met in all species. Pinus canariensis 

was assayed with in 5 different treatments:  

- C-Control  

- CO-Cocoon  

- 1 thread-Cocoon with one wick  

- 0 thread-Cocoon without wicks  

- CHW-Cocoon with half water  

However, the low number of replicates (1 thread - 10 replicas, 0 thread - 26 replicas, CHW - 18 

replicates) does not allow for robust conclusions. The worst results were obtained in the Cocoon 

treatment with a single wick, that presented the highest mortality (80%), and the surviving plants 

showed some effects on vigor, without healthy seedlings. In spite that there are no notable 

differences between the other treatments with Cocoon, the control one has better survival and a 

higher percentage of healthy plants (Figure 13). 
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Figure 13. Distribution per species of the monitored seedlings planted in Tifaracás (Gran Canaria), 

according to their physiological state in May-June 2019. 0=death seedling; 1=severely affected 

seedling; 2=affected seedling; 3=healthy seedling; R=resprouted seedling. 

General results in Tifaracás are heavily conditioned by pine plantations, where controls were 

watered one time during summer 2017, for which they have higher survival rates. For the rest of 

the species, this trend changes and better survival rates were observed in seedlings with Cocoon 

than in controls (Figure 13). Pistacia Atlantica has high mortality rates in both treatments, but 

survival was higher in Cocoons due to a higher percentage of severely affected seedlings. Mortality 

is also high in Juniperus turbinata, being 100% in controls and close to 80% in plants with Cocoon. 

The best survival results were obtained with Olea europaea with a mortality that did not reach 25% 

of the specimens and a high percentage of healthy seedlings, close to 50%. In controls, mortality 

was higher (32%) and the number of affected plants increased. 

Regarding seedling growth, statistically significant differences were detected in diameter of Olea 

europaea, being larger in Cocoon specimens (Figure 7, Annex 1), but there were no differences for 

height growth (Figure 8, Annex 1). Differences in Pinus canariensis occurred in both types of growth. 

Controls grew more compared to Cocoons (Figure 9, Annex 1). Differences were also detected in 

Cocoons filled with half of the water, which grew worse in height than controls but better in 

diameter. However, the low number of individuals due to the mortality of the controls did not allow 

for robust conclusions in this regard. The same problem was observed with Pistacia atlantica, for 

which there was only data available for two controls. 
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El Bruc 

In El Bruc plantation differences were observed regarding mortality and the number of healthy 

plants, while the affected plants were kept in similar percentages. Mortality in control seedlings was 

67%, higher than in cocoon specimens, where it was reduced to 43%. On the contrary, the 

percentage of healthy plants increased in individuals with Cocoon up to 44%, while in control 

seedlings it only reached 25% of the total (Figure 14). 

 

Figure 14. Global distribution of the monitored seedlings planted in El Bruc (Catalonia), according to 

their physiological state in May-June 2019.  

 

This trend is maintained for all the species planted in El Bruc. For some species such as Ceratonia 

siliqua, Olea europaea var. vera, Prunus avium and Prunus spinosa, the mortality of controls 

exceeded 80%. The best results were obtained in the two subspecies of Quercus ilex (spp ilex and 

spp ballota), Quercus faginea, Olea europaea var. Cornicabra and Juglans regia where Cocoons had 

survival rates well above their respective controls (Figure 15). 
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Figure 15. Distribution per species of the monitored seedlings planted in El Bruc (Catalonia), 

according to their physiological state in May-June 2019. 0=death seedling; 1=severely affected 

seedling; 2=affected seedling; 3=healthy seedling; R=resprouted seedling. 
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With regard to the growth of seedlings, only statistically significant differences were detected for 

Juglans regia, with better diametral growth in controls (Figure 10, Annex 1) but due to the low 

sample size it should be discarded. Olea europaea var cornicabra and Quercus ilex  grew better with 

Cocoons than controls, both in height and in diameter(Figures 16 and 17). No significant differences 

were found for Olea europaea var arbequina (Figure 11, Annex 1), Prunus dulcis (Figure 12, Annex 

1) or Quecus faginea (Figure 13, Annex 1). For the rest of the species, no conclusions could be carried 

out due to the low sample size or the lack of positive growth data (individuals who had lost part of 

the stem or had returned to the base). 

 

Figure 16. Height and diameter growth between 2017 and 2019 of Quercus ilex subsp. ilex seedlings 

in El Bruc. Different letters show statistically significant differences (α=0.05%). 
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Figure 17. Height and diameter growth between 2017 and 2019 of Olea europaea var. cornicabra 

seedlings in El Bruc. Different letters show statistically significant differences (α=0.05%). 

Regarding root growth, significant differences were detected for Olea europaea seedlings (Figure 

18). The rest of the species did not show any significant difference between treatments. 

 

Figure 18. Root weight (g) of Olea europaea  var. cornicabra seedlings in El Bruc. Different letters 

show statistically significant differences (α=0.05%).  
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Jijona 

In the Valencian plantation of Jijona, the Cocoons have a very low mortality of 15%, with a high 

percentage of healthy seedlings of 75%. These results collide with those obtained in the control 

seedlings, with a mortality that affects half of the seedlings initially planted. However, as with 

Cocoon, most surviving seedlings have a healthy state of health, with a very low percentage of 

affected seedlings (Figure 19).  

   

 

Figure 19. Global distribution of the monitored seedlings planted in Jijona (Valencia) according to 

their physiological state in May-June 2019.  

At the species level, this high mortality is distributed unevenly. In Quecus ilex it reaches values close 

to 75% and reaches all the controls in Arbutus unedo and Olea europaea. Survival is higher in 

seedlings with Cocoon for all species (Figure 20). 
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Figure 20. Distribution per species of the monitored seedlings planted in Jijona (Valencia), according 

to their physiological state in May-June 2019. 0=death seedling; 1=severely affected seedling; 

2=affected seedling; 3=healthy seedling; R=resprouted seedling. 

Regarding growth differences at the species level, only differences were detected for the growth in 

height of Olea europaea var arbequina being greater in the Cocoons (Figure 21). Pinus halepensis 

(Figure 14, Annex 1) and Tetraclinis articulata (Figure 15, Annex 1) don’t show difference. Due to 

the high mortality, or the fact that many individuals had lost part of the stem or had rebounded at 
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the base, no analyzes could be performed for Olea europaea, diameter of Pinus halepensis, Quercus 

ilex and Arbutus unedo. Regarding root system, no differences were detected for Pinus halepensis 

(Figure 16, Annex 1). 

 

Figure 21. Height and diameter growth between 2017 and 2019 of Olea europaea var arbequina 

seedlings in Jijona. Different letters show statistically significant differences (α=0.05%). 

 

Tous 

In the Tous plantation there are practically no differences between controls and Cocoons. However, 

there are differences if we analyze the results at the species level. (Figure 22).  

 

Figure 22. Global distribution of the monitored seedlings planted in Tous (Valencia) according to 

their physiological state in May-June 2019.  

The highest mortality occurs in Quercus ilex, exceeding 90% in controls and 70% in Cocoon, while 

the best survival ratio is found in Olea europaea, with a survival above 70% in both cases although 

higher in Cocoon. As differentiable cases, Pinus halepensis has better survival in the Cocoon but 

worse data of vigor, Tetraclinis articulata with more survival in the controls and Celtis australis with 

all the controls and a large part of the Cocoon resprouting (Figure 23). 
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Figure 23. Distribution per species of the monitored seedlings planted in Tous (Valencia), according 

to their physiological state in May-June 2019. 0=death seedling; 1=severely affected seedling; 

2=affected seedling; 3=healthy seedling; R=resprouted seedling. 

For the species with which it was possible to carry out the growth analysis due to having a sufficient 

sample size (Arbustus unedo, Olea europaea, Pinus halepensis and Tetraclinis articulata), only 

statistically significant differences have been found for Olea europaea and Pinus halepensis. O. 

europaea presents better growth in the Cocoons for height growth and for diametral growth (Figure 

24). However, Pinus halepensis grows better in height in the Cocoons, but has greater growth in 

diameter in the controls (Figure 25). 
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Figure 

24. Height and diameter growth between 2017 and 2019 of Pinus halepensis  seedlings in Tous 

(Valencia). Different letters show statistically significant differences (α=0.05%). 

 

 

Figure 25. Height and diameter growth between 2017 and 2019 of Olea europaea var. arbequina 

seedlings in Tous (Valencia). Different letters show statistically significant differences (α=0.05%). 

 

5.2 Cocoon degradation 

The degradation of Cocoon is an important aspect to consider since its design with biodegradable 

material aims to be incorporated into the soil once its function is finished. At a general level (Figure 

26), a domain of Cocoon in state 2 is observed, which is the one that presents the bowl in functional 

condition but with the lid of the device sunk, damaged or not present. Category 3, which is the one 

established for the Cocoon that begins to show signs of degradation such as cracks or holes in its 

bowl, occurs in practically a quarter of the installed devices. The intact Cocoon (State 1) or Cocoon 

practically incorporated (State 4) have lower values compared to the two states discussed above. 

Some of the Cocoons in stage 1 can retain runoff and rain water, increasing the water availability 

for the seedlings. In fact, this capacity to retain water after two years has been used in the new 

Tifaracás plantations for refilling the bowls during summer in order to have more water available 

and improve the survival ratios. 
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These results differ by study area (Figure 26). Although state 2 remains the most frequent (except 

in Calabria), differences can be observed locally. The presence of Cocoon practically incorporated 

into the soil is very scarce or does not exist for most areas, except in El Bruc, Calabria and Jijona. 

These three zones, together with Almería (a large proportion of Cocoons in state 3) are the ones 

with the greatest global degradation. The area with the least degradation is Tifaracás, with state 1 

and 2 occupying 96% of the Cocoons studied, followed by Tous and Ptolemais (Figure 26). 

 

Figure 26. Cocoon state after 2-2.5 years installed at field. Stage 1: Cocoon ok: with or without 

shelter, but with lid; Stage 2: Lid collapsed but bowl apparently in good state (without cracks, holes); 

Stage 3: Bowl with signs of degradation (cracks, holes); Stage 4: Highly degraded bowl (almost 

incorporated at soil). 
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5.3 Vegetation structure and diversity 

The structure and floristic biodiversity data are collected in Annex 2 and 3 respectively. Data are 

provided for all areas except Calabria, since they are mostly crop fields. The data are then presented 

by study area, and the most notable changes from the period 2017-2019 are analyzed. 

Sierra de María 

The characterization of the vegetation in the plots of Almería has been carried out in the temporary 

river bank and bed (rambla) area, since the almond plantations are subjected to tillage. The table in 

Annex 2 shows a reduction in the cover and height of woody plants, accompanied by an increase in 

the cover of herbaceous plants. Regarding biodiversity, there is a net reduction of 12 species (14 

new species and 26 absent), among which the disappearance of abundant species in 2017 such as 

Hordeum murimum or Tamarix gallica and the appearance with a high frequency of Avena fatua 

and Euphorbia sp. 

El Bruc 

In El Bruc area, there is an increase in both herbaceous and woody cover for the 3 sub-zones of 

sampling, accompanied by an increase in the average height of both types of vegetation (Annex 2). 

This increase in plant cover is also reflected by an increase in species diversity. 

With respect to the inventories of 2017, in Cal Ton Lluent some Asteraceae appear abundant 

(Centaurea cabiosa subsp. scabiosa, Helichrysum stoechas and Scorzonera angustifolia) and increase 

the abundance of grasses, one as Brachypodium phoenicoides becoming a dominant species. In 

general, rosacea (Amelanchier ovalis, Rosa canina, etc.) and Leguminosae  also increase. It must be 

highlighted the domain of Dorycnium penthaphyllum subsp. Gracile, which together with 

Rosmarinus officinalis and the aforementioned Brachypodium phoenicoides, are the dominant 

species in this area. Finally, it highlights the appearance of Fumana ericoides or the increase in cover 

of Helianthemum syriacum, both Cystaceae. 

In Cal Ton Lluent fons the trend is very similar but with slight differences. Unlike in Cal Ton Lluent, 

the Asteraceae shows a reduced abundance becoming testimonial species, while the Rubiaceae like 

Galium lucidum and Rubia peregrina appear. As in the previous area, the Fabaceae, and in particular 

Dorycnium penthaphyllum, presents a great abundance, and several species of grasses appear, 

although with low abundance. In addition, Helianthemum syriacum and Rosmarinus officinalis 

absent in 2017, now appear with a high frequency. 
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In Sant Simeó, the increase in the Fabaceae, especially Melilotus sulcata, stands out, which, if not in 

2017, becomes one of the dominant species, two years later, accompanied by Dorycnium 

penthaphyllum, Aphyllanthes monspeliensis and Brachypodium phoenicoides. The latter, together 

with the rest of grasses, experiences an increase over the previous sampling. In general, rosacea and 

Asteraceae also increase although in a lighter way. 

Jijona 

In this area there is a tendency to increase the cover of woody species, the increase in J1-T4 being 

especially notable, going from values below 2% to 73%. This increase in cover also occurs, and to a 

greater extent, in herbaceous species that increase their cover in 8 of the 9 sampled areas. However, 

while for woody species the trend of increased cover is accompanied by an increase in the average 

height of the plants, in the herbaceous species the average height is reduced or increased very little 

compared to 2017. 

With regard to floristic biodiversity, the great similarity of the 2017 and 2019 data stands out, with 

only 3 new species appearing in the sampling, two belonging to the Asteraceae family (Inula viscosa 

and Pallenis spinosa) and Plantago albicans belonging to the Plantaginaceae family. 

Tous 

In the study area located in Tous, there is an increase in both the cover of woody species and that 

of herbaceous species. However, this increase is not accompanied by an increase in average height, 

which remains practically stable. 

Regarding biodiversity, it remains quite stable, with the appearance of 9 new species not present in 

2017 and the absence of 3 of those located for the same period. 

Tifaracás 

In this study area, no differences were detected in the structure or composition of the vegetation 

with respect to the 2017 samples. 
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5.4 Plant competition evaluation 

With respect to the data collected from the adjacent vegetation to the seedlings in the different 

study sites (Table 2) we can observe that, except for Tous and Tifaracás plantations, the herbaceous 

cover is higher in the control plants. This greater cover is linked to a greater weight of plant biomass 

in the two sub-sites of Sant Simeó in the El Bruc and in the spring plantation in Jijona. In the Tous 

and Tifaracás plantations we also found this pattern of greater biomass weight at greater cover, 

although at this time there were the plants with Cocoon device that have higher cover values. 

However, in Cal Ton Lluent and in the Jijona autumnal plantation the biomass of the surrounding 

vegetation was higher in the plants with Cocoon device despite having less cover. 

Table 2. Herbaceous cover and plant biomass in 1 m diameter circles around control and Cocoon 

plants, after 2-2.5 years of planting. 

Site Sub-site Treatment Herbaceous 

cover (%) 

Plant biomass  

(g m-2, wet weight) 

Plant biomass  

(g m-2, dry weight) 

El Bruc Cal Ton Lluent Fons C 47,50 178,34 76,99 

El Bruc Cal Ton Lluent Fons CO 33,75 346,01 168,39 

El Bruc Sant Simeó (fields) C 93,33 1082,57 289,99 

El Bruc Sant Simeó (fields) CO 60,00 779,36 259,91 

El Bruc Sant Simeó (forest) C 53,33 348,49 190,72 

El Bruc Sant Simeó (forest) CO 31,67 328,96 170,24 

Jijona Autumn-16 C 19,17 258,74 128,31 

Jijona Autumn-16 CO 12,92 333,55 134,32 

Jijona Spring-17 C 52,50 596,14 342,01 

Jijona Spring-17 CO 22,08 337,18 183,36 

Tous Autumn-16 C 0,00 0,00 0,00 

Tous Autumn-16 CO 8,33 98,47 48,52 

Tous Spring-17 C 3,50 57,18 23,15 

Tous Spring-17 CO 9,38 189,85 98,47 

Tifaracás Slope C 70,33 98,45 90,50 

Tifaracás Slope CO 95,01 120,78 113,65 
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5.5 Fauna 

Wildlife observations are included in Annex 4. An increase in indirect and direct observations is 

observed in all areas from one sampling campaign to another. Insects (wasps, bees and butterflies) 

and arachnids predominate, but sometimes also small vertebrates as reptiles were observed. As for 

the traces, evidence of wild boars, roe deer, rabbits and dogs were detected. An important number 

of invertebrate observations were also recorded within the Cocoon, occupying the walls of the 

central hole, of the protector, within the bowl or in the space between the Cocoon and the ground. 

A multitude of wasp nests have been observed but also spiders, opilions and even some scorpions. 

In the other hand, it has been noted damages caused by some fauna specimens, like wild boards, 

roe deers or feral goats, mainly in El Bruc and Tifaracás field trials. 

 

 

Figure 28. Fauna taking profit of the Cocoon structures: a) wasp nest in the shelter; b) scorpion in a 

planting hole; c) opilion. 

 

 

Figura 29. a) Roe deers excrements (Capreolus capreolus) b) wild boars footprints (Sus scrofa), c) 

Cocoon got up and damaged by wild boars in El Bruc (Catalonia). 
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6. Discussion 

6.1 Seedling vigor and growth 

Overall, important differences were found between individuals planted with Cocoon and controls. 

The death rate in Cocoon was close to 40%, while in the control group reached 60%. On the other 

hand, surviving plants had a better physiological state when Cocoon is used. These differences could 

be explained because nutrient uptake is subordinated to water stress in arid and semi-arid 

environments (Maestre et al. 2005; Powers and Reynolds 1999). By providing water to the 

plantations with the Cocoon device, the plants would be overcoming this limitation and making 

better use of available nutrients, causing this increase in survival and growth. In fact, Cocoon not 

only provides water to the plant during the first months, it also creates a micro catchment that 

allows a greater infiltration of rainwater and accumulation of runoff around the plant. On the other 

hand, it not only increases the water supply, but also reduces losses. The plant protector reduces 

evapotranspiration, and the lid and the bowl itself reduces competition with herbs, especially during 

the first year. In addition, the individuals planted with the Cocoon have a tendency towards a more 

developed root system than the controls that becomes a greater development of the aerial part for 

some species, which is in agreement with soil moisture data (see Annex D1. Sensoterra report). 

Within the wide range of climates, it appeared that the driest climate (Tifaracás) was also the most 

challenging for the Cocoon (unless re-watered), with a survival below 30% . However, these results 

cannot be considered negative, since in previous restoration projects carried out in nearby areas, 

the mortality rates were close to 100% (CREAF, 2017). Due to this very high mortality in previous 

plantations and that summer 2017 was especially dry in Tifaracás (no rain), it was decided to irrigate 

the pine controls during the first summer, which would explain that for this species the control 

group has a higher survival rate than the Cocoon group which not received this supplementary 

water. However, the irrigation of the controls increased the cost of maintenance, because the water 

must be transported to the plantation areas, located in this case at the top of the slopes in remote 

spaces with difficult access. It is especially interesting in this case to analyze the balance between 

the increase in survival due to irrigation and the consequent increase in maintenance expenditure. 

Cocoon technology could be considered a viable option to reduce mortality without increasing this 

maintenance expense, although it is true also that its installation is more expensive than the 

traditional methods. In a new plantation carried out in 2018, Cocoons have been re-filled 2 times 

during summer and the survival rate has been significantly improved (GESPLAN, 2019). Given these 

results, the option to refill the Cocoon, although it implies a higher cost, could be an optimal solution 

for the plantations in the drylands of Canary Islands.  
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Ptolemais is one of the areas where Cocoon has been less advantageous, despite important 

differences have been observed for growth in Q. trojana seedlings, where Cocoons could grow more 

than five times than controls.  Regarding Cupressus sempervirens, differences were observed for 

mortality ratios between seedlings with different heights planted with Cocoon: 46% in 50 cm 

specimens and 24% in those of 30 cm. This fact confirmed the idea that the seedlings planted with 

the Cocoon should preferably be one-year old as reported previously (Land Life Company, 2016). 

Cupressus seedlings which are sensitive to extreme weather conditions should be of small size (low 

height) because those kind of seedlings adapt better in these weather conditions and develop 

quicker and stronger root system. Spring plantations recorded higher survival rates than autumn 

plantations, that came as a result of better weather condition for Cupressus implantation. Part of 

Cocoon trees were destroyed due to extreme rainfall events, surface runoff and the relief of the 

area (rocks fallen), which focuses the need to accurately install the devices in order to minimise 

these affections. 

In El Bruc the mortality rate was high compared to other places with similar annual rainfall, such as 

the case already mentioned in Ptolemais. This may be due to the especially adverse conditions 

(prolonged drought and extremely high temperatures) of the 2017 summer (SMC, 2019), with a 30% 

reduction of rainfall (precipitation of 449 mm throughout 2017), and 70% for the summer (58 mm 

for the whole summer). However, the differences with the control group remain important. The 

relatively high number of dead seedlings, especially in the control population, was mainly due to the 

huge mortality rate in Olea europaea var arbequina. Arbequin olive seedlings planted in El Bruc were 

of poor quality, with rotting roots, stem scars, leaf loss and chlorosis (CREAF, 2017). In contrast, 

arbequin olive trees planted in Jijona (Alicante) had a very high survival rate (almost 90%), with 

approximately 75% of seedlings planted with Cocoon healthy and growing. Especially in Jijona runoff 

amelioration through Cocoons can substantially support tree growth. In general, plantations in 

Jijona, with an arid climate and a very poor soil gave very good results for Cocoon, when control 

group presents high mortality ratio. 

Cocoons in Tous could not being properly installed, due to the present of stones, gravel and more 

generally, a shallow soil profile, implying that Cocoons could not perform towards their potential, 

thus showing similar results as control trees. Additionally, the ambient strong winds blew out 

shelters from the Cocoon trees, especially shelters that were ill installed. As such, seedlings were 

prematurely exposed to desiccating winds. 

The poor installation of Cocoons in the almond plantations could also be the explanation for similar 

results for control and Cocoon group in Almería. The Cocoons were installed deep in the soil due to 
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a limestone crust that is one and a half meters deep and which had to be broken to plant the 

seedlings with Cocoon, this could have limited their functionality. Besides, being an area used for 

grazing, the nutrients derived from the manure were more easily absorbed in the control almond 

trees as they did not have the Cocoon barrier. For rosemary plantations the Cocoon seems to reduce 

plant growth because the shed constricts the plant when it grows horizontally. And, for Tamarix 

plantations, the long periods of drought followed by sporadic heavy rainfall caused the dragging of 

sediments that carried away most of the seedlings (with and without Cocoons). 

The best results were obtained in San Marco Argentano, with a large difference in mortality between 

controls and Cocoon. While in the controls the survival only reached values of 10%, in the Cocoons 

it increased until 72%. This could be attributed to the extremely dry conditions in the summer of 

2017 in Calabria, the high vulnerability to drought of some of the species planted in this site (Populus 

alba, Populus nigra, Arbutus unedo), and the sandy texture of the soil, with very low water retention 

capacity. 

The case of Quercus ilex ssp is especially remarkable. Ballota subspecies worked very well in El Bruc, 

with a survival greater than 60% in the Cocoons, and even statistically significant differences for 

growth being higher in the seedlings with the Cocoon device. This olm oak plantation could be 

considered as an example of adaptive restoration to climate change (IPCC, 2007; Lhumeau and 

Cordero, 2012; Pramova et al., 2019), as it is an indigenous subspecies of southern Spain and 

northwestern African, planted at higher latitudes, simulating the displacement that this species 

could suffer with climate change, through the assisted migration mechanism (Sansilvestri et al., 

2016; Schwartz et al., 2012). Another species that responds well to assisted migration is Tetraclinis 

articulata. This plant, despite being an Ibero-African endemism that is mostly located in 

northwestern Africa, and that in Europe only has two small natural populations, one in Malta and 

another in Sierra de Cartagena ( SE Spain) (TGD, 2020), has been planted in Jijona, outside its 

latitudinal range, with very good results. 

These assisted migration tests were also performed with typical agricultural species. A variety of 

Cornicabra olive trees was planted in El Bruc and Jijona. This variety is typical of central and southern 

Spain, with vigorous trees, erect bearing and thick canopy density (Barranco and Rallo, 1984). This 

variety is apparently more adapted to continental climates than the Arbequin olive trees or the Vera 

variety, a variety historically used in the area of El Bruc that we also find in different places in the 

province of Barcelona and Valencia (Gómez-Escalonilla and Vidal, 1984). Both in this site and in 

Jijona, the Cornicabra variety responds better than the Arbequin variety, and even that the Vera 

variety in El Bruc, with seedlings showing higher survival rates and healthy vigor. However, because 
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the Vera variety was planted as the traditional way using adult tree sprouts, these results are not 

directly comparable. 

Regarding the results of the different versions of Cocoon tested in Tifaracás (with a single wick and 

without any), those with no wick seem to work better than the current version. For the single wick 

version, conclusions cannot be drawn because only 2 seedlings have survived. In any case, it could 

indicate that reducing the speed of water transmission would help improve seedling yields, probably 

because humidity levels remain higher for longer in root systems. With respect to the treatment 

with biodegradable wicks, the test performed in Calabria shows no notable differences between the 

treatments although the survival is slightly higher in the test with degradable wicks. However, there 

are demonstrable differences with respect to growth, being higher for specimens with cocoon and 

normal wicks. 

As for the growth of the seedlings with Cocoon device, there is insufficient evidence to state that 

this device improves the growth with respect to the control seedlings. Regarding the growth in 

length and the weight of the roots, only significant differences were found for growth in Olea 

europaea var. arbequina in the plantations of the El Bruc, being this greater in the plants with device 

Cocoon. However, considering the slow evolution of vegetation in these environments, the trends 

observed in some cases indicate that if the monitoring would be repeated after a few years, these 

differences could increase. 

6.2 Cocoon degradation 

Cocoon degradation is related to the rainfall regime, thereby increased degradation was observed 

in areas with higher values of rainfall. The degradation states of Cocoon ranged from 1 to 4, being 1 

the intact device and 2, 3 and 4 increased degradation till complete incorporation into the soil. The 

state 2 corresponded to Cocoon without lid or partially collapsed. As the lid was the most exposed 

part of the device, it suffered the ravages before. Since Cocoon degradation is slower in dry 

conditions, trees growing under such conditions can also longer benefit from extended (and still 

needed) Cocoon support, following water refilling after rain events, restricting evaporation losses, 

and out competing adjacent weeds. As mentioned above, this fact became advantageous for the 

plantation carried out in Gran Canaria in 2018, where the Cocoons were refilled to increase their 

survival, being an experience with very good results. Moreover, partially degraded Cocoons may still 

provide rainwater and be an evaporation shield, implying an extended water availability to support 

tree growth. 
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6.3 Passive restoration of the study areas 

The structure and biodiversity of the vegetation shows different trends for the studied areas. In El 

Bruc there is an increase in biodiversity for both herbaceous and woody species, accompanied by a 

growth of vegetation height. In Tous there is also an increase in biodiversity although without 

appreciable changes of vegetation development from one year to another, while in Jijona there is 

an increase in the cover of herbaceous and woody but the growth only increases in the woody. 

According to the intermediate disturbance hypothesis (Connel, 1978), the increase in biodiversity of 

these communities is an indicator that they are rising in complexity and maturity, as they have not 

reached the intermediate degree of the disturbance (or recovery), where maximum floristic richness 

would be produced. Anyway, it must be considered that these are highly anthropized systems, 

especially in the case of the El Bruc, where the intention is just the intervention of the owners to 

carry out cultural and maintenance care, especially in the case of plantations of agricultural species 

or with high added value (olive, almond, truffle holm oaks). 

The greater the water and thermal stress, the more evident the microclimatic and edaphic 

improvement provided by the species planted to the accompanying vegetation will be. In addition, 

due to their positive effect on the most sensitive demographic phases (germination, establishment, 

initial growth), these plants able to modify the local environmental conditions can increase the local 

and regional distribution of other woody plants, allowing them to expand the range of ecological 

conditions in which they can be present (Lopes et al., 2016). 

Tifaracás site remains stable, without changes in plant biodiversity, which could be due to the 

environmental hardness of the area, with an arid climate and an important activity of wild goats 

(GESPLAN, 2019), which would not allow the development of more vegetation. Finally, in Almería 

the percentage of woody plants decreased as the herbaceous increased, although the latter were 

smaller than those sampled in 2017.  

Regarding to the study of adjacent vegetation, a clear trend was not observed for all study areas. 

However, for most of these sites, the cover of adjacent herbaceous vegetation was lower next to 

the seedlings with Cocoon due to the impossibility of developing around the device. 

Fauna entry and establishment in areas that have suffered a disturbance is a key step in the 

restoration of the ecosystem. Wildlife plays a role that can be crucial in the restoration and dynamics 

of the vegetation cover, carrying out processes such as seed dispersal, pollination, herbivory or 

organic matter decomposition that benefit the development of certain plant communities and the 

restoration of ecosystem functions (Belliure, 2011). In all sampled areas there is an increase in direct 

or indirect observations, as macrofauna is increasing its presence and use of these restored areas, 
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being a positive aspect. However, the presence of fauna is not always positive for restoration, as is 

the case of wild boars, the populations of which are totally uncontrolled in some Mediterranean 

regions, such as in Catalonia, where they have destroyed Cocoons or caused significant damage to 

seedlings. On the other hand, feral goats on the island of Gran Canaria also entails damages to 

plantations, which have forced each of the seedlings to be protected with metal mesh. Fauna 

management is also a key point to ensure the success of the restorations, which can play for or 

against, depending on the context and the measures adopted. Bio-repellents may be effective for a 

relatively short period, unless periodically applied. Still, bio-repellents like the TRICO used at 

Tifaracás, may protect seedlings as long as alternative fodder sources (e.g. weeds etc) are available. 

 

7. Conclusions 

Cocoon technology for reforestation proved to be useful in a wide range of arid and semi-arid 

conditions. In general, conventional plantations showed higher mortalities and relatively lower vigor 

rates than plantations using this technology. The direct and indirect water supply, the mitigation of 

plant competition around the seedling, the reduction of evapotranspiration and the 

microcatchment effect create a very suitable set of conditions for the improvement of the 

physiological state of plants, which increase their survival. However, a case per case evaluation is 

needed before using this technology. Cocoons have an added advantage when site conditions 

impose more drought stress (lower rainfall, sandy textured soils with poor water retention), and/or 

when tree species used are less adapted to drought stress in early stages of development. It is 

possible to say that Cocoons mitigate adverse growing conditions over an extended period. 

However, Cocoons are less competitive than common techniques for plantations in soils with high 

water retention capacity in Mediterranean sub-humid climates, or when drought tolerant species 

are planted. Small differences in survival and growth, combined with higher costs of planting with 

Cocoons, make this ecotechnology less interesting in these situations. 

This technology can be used as an adaptive strategy to climate change in assisted migration projects. 

Good results are obtained for Quercus ilex subsp. ballota and Tetraclinis articulata, and also with 

tree crop plants such as the cornicabra olive planted in higher latitude positions. 

Cocoons may be recharged with surface runoff, providing additional water every rainy event. 

Cocoons may also be refilled manually, serving as an irrigation reservoir for seedlings, achieving 

higher survival rates than plantations irrigated with conventional methods, and consequently 

reducing the plantation’s cost in arid and semi-arid climates. 
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ANNEX 1. SEEDLING VIGOR AND GROWTH  

Ptolemais 

 

 

 

Figura 1: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para la variación de crecimiento en altura (cm) y crecimiento 

en diámetro (mm)  de Cupressus sempervirens (30 cm) por tratamiento (C-Control, CO-Cocoon) en las parcelas de Ptolemais 

(Grecia).  

 

 

  

  

Figura 2: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para la variación de crecimiento en altura (cm) y crecimiento 

en diámetro (mm) de Cupressus sempervirens (50 cm)  por tratamiento (C-Control, CO-Cocoon) en las parcelas de Ptolemais 

(Grecia).  
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Figura 3: Distribución de las medidas de crecimiento en altura (cm) y en diámetro (mm) de Quercus trojana por tratamiento 

(C-Control, CO-Cocoon) en las parcelas de Ptolemais (Grecia).  
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San Marco Argentano 

 

 

  

Figure 5: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para la variación de crecimiento en altura (cm) y crecimiento 

en diámetro (mm)  de Arbustus unedo por tratamiento (C-Control, CO-Cocoon) en las parcelas de San Marco Argentano 

(Italia). 

 

Figura 6: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para el crecimiento en altura (cm) y diámetro (mm) entre 

2017 y 2019 de Ficus carica por tratamiento (COBW- Cocoon con mechas biodegradables, CO-Cocoon) en las parcelas de 

Calabria (Italia). 
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Tifaracás 

 

 

 

 

Figura 7: Prueba de Kruskal-Wallis y gráfico de cajas y bigotes para el crecimiento en diámetro (mm) entre 2017 y 2019 de 
Olea europaea  por tratamiento (C-Control, CO-Cocoon) en  las parcelas de Tifaracás (Islas Canarias). 

 

 

 

 

 

 

Figura 8: Prueba de Kruskal-Wallis y  gráfico de cajas y bigotes para la variación de crecimiento en altura (cm) de Olea 

europaea por tratamiento (C-Control, CO-Cocoon) en las parcelas de Tifaracás (Islas Canarias) 

 

 

       

     

 

 

 

 

 



ABOVE GROUND PARAMETERS MONITORING. FINAL REPORT LIFE15 CCA/ES/000125   

 

50 
 

 

 

 

 

 

 

Figura 9: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para el crecimiento en altura (cm) y diámetro (mm)  entre 

2017 y 2019 de Pinus Canariensis por tratamiento (C-Control, CO-Cocoon, CHW-Cocoon con la mitad de agua, 0 threads-

Cocoon sin mechas) en las parcelas de Tifaracás (Islas Canarias). 
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El Bruc 

 

 

 

Figura 10: Prueba de Kruskal-Wallis y gráfico de cajas y bigotes para el crecimiento en diámetro (mm) entre 2017 y 2019 

en Juglans regia por tratamiento (C-Control, CO-Cocoon) en las parcelas del Bruc (Catalunya). 

 

 

 

Figura 11: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para la variación crecimiento en diámetro (mm)  de Olea 

europaea var arbequina por tratamiento (C-Control, CO-Cocoon) en las parcelas de El Bruc (Cataluña) 
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Figura 12: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para la variación de crecimiento en altura (cm) y 

crecimiento en diámetro (mm) de Prunus dulcis por tratamiento (C-Control, CO-Cocoon) en las parcelas de El Bruc 

(Cataluña) 

 

Figura 13: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes  para la variación de crecimiento en altura (cm) y 

crecimiento en diámetro (mm)  de Quercus faginea por tratamiento (C-Control, CO-Cocoon) en las parcelas de El Bruc 

(Cataluña) 
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Figura 54: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para el crecimiento y peso de las raices entre 2017 y 2019 

en Quercus faginea por tratamiento (C-Control, CO-Cocoon) en las parcelas del Bruc (Catalunya). 
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Jijona  

 

 

Figura 14: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para la variación de crecimiento en altura (cm) de Pinus 

halepensis por tratamiento (C-Control, CO-Cocoon) en las parcelas de Jijona (Valencia). 

 

Figura 15: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para la variación de crecimiento en altura (cm) y 

crecimiento en diámetro (mm) de Tetraclinis articulata  por tratamiento (C-Control, CO-Cocoon) en  las parcelas de Jijona 

(Valencia). 

          

 

Figura 16: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para el crecimiento y peso de las raices (cm) entre 2017 y 

2019 de Pinus halepensis por tratamiento (C-Control, CO-Cocoon) en las parcelas de Jijona (C. Valenciana). 
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Tous 

 

 

Figura 17: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para la variación de crecimiento en altura (cm) de Arbutus 

unedo por tratamiento (C-Control, CO-Cocoon) en las parcelas de Tous (Valencia). 

 

  

Figura 18: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para la variación de crecimiento en altura (cm) y 

crecimiento en diámetro (mm) de Prunus dulcis por tratamiento (C-Control, CO-Cocoon) en las parcelas de Tous (Valencia). 
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Figura 19: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para el crecimiento y peso de las raices entre 2017 y 2019 

en Olea europea var. arbequina por tratamiento (C-Control, CO-Cocoon) en las parcelas de Tous (Valencia). 

 

 

 

 

 

       

       

Figura 20: Prueba de Kruskal-Wallis y gráficos de cajas y bigotes para el crecimiento y peso de las raices entre 2017 y 2019 

en Pinus halepensis por tratamiento (C-Control, CO-Cocoon) en las parcelas de Tous (C. Valenciana). 
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ANNEX 2. VEGETATION STRUCTURE 
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ANNEX 3. FLORA INVENTORIES 

Sit
e Sub-site Specie 

Abunda
nce 
2017 

Abunda
nce 
2019 

Differe
nce 
2019-
2017 

A Dryland river 1 Hordeum murimum 4 0 -4 

A Dryland river 1 Tamarix gallica 3 0 -3 

A Dryland river 1 Papaver roea 3 0 -3 

T 
Autumn-16 and 
Spring-17 Convolvulus lanoginosus 2 0 -2 

T 
Autumn-16 and 
Spring-17 Coelleria vallesiana 2 0 -2 

B Cal Ton Lluent Fons Leuzea conifera (centaurea conifera 2 0 -2 

B Cal Ton Lluent Fons Conyza bonariensis 2 0 -2 

B Sant Simeó Avenula pratensis 2 0 -2 

A Dryland river 2 Thymus zygis 2 0 -2 

A Dryland river 1 Thymus serpyllum 2 0 -2 

A Dryland river 2 Tamarix gallica 2 0 -2 

A Dryland river 2 Sideritis sp. 2 0 -2 

A Dryland river 2 Retama sphaerocarpa 2 0 -2 

A Dryland river 2 Mercurialis tomentosa 2 0 -2 

A Dryland river 2 Euphorbia sp. 2 0 -2 

A Dryland river 1 Asparagus stipularis 2 0 -2 

T 
Autumn-16 and 
Spring-17 Sedum sp. 1   -1 

T 
Autumn-16 and 
Spring-17 Fumana ericoides 2 1 -1 

B Cal Ton Lluent Fons Urospermum dalechampii 1 0 -1 

B Cal Ton Lluent Fons Teucrium polium subsp. Capitatum 1 0 -1 

B Sant Simeó Stellaria media 1 0 -1 

B Sant Simeó Sonchus asper 1 0 -1 

B Cal Ton Lluent Rubus ulmifolius 1 0 -1 

B Cal Ton Lluent Fons Reseda lutea 1 0 -1 

B Sant Simeó Reseda lutea 1 0 -1 

B Cal Ton Lluent Reseda alba 1 0 -1 

B Sant Simeó Reseda alba 1 0 -1 

B Cal Ton Lluent Fons Potentilla sp 1 0 -1 

B Cal Ton Lluent Fons Phillyrea latifolia subsp. media 1 0 -1 

B Sant Simeó Papaver roheas 1 0 -1 

B Sant Simeó Origanum vulgare 1 0 -1 

B Cal Ton Lluent Fons Onopordum acanthium 1 0 -1 

B Cal Ton Lluent Fons Ononis spinosa 1 0 -1 

B Cal Ton Lluent Fons Melilotus sulcata 1 0 -1 

B Cal Ton Lluent Fons Medicago minima 1 0 -1 

B Sant Simeó Lonicera implexa 1 0 -1 

B Cal Ton Lluent Fons Ligustrum vulgare 1 0 -1 

B Sant Simeó Lactuca serriola 1 0 -1 
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B Cal Ton Lluent Fons Jasonia saxatilis 1 0 -1 

B Sant Simeó Jasonia saxatilis 1 0 -1 

B Cal Ton Lluent Fons Inula helenioides 1 0 -1 

B Cal Ton Lluent Hypericum hyssopifolium 1 0 -1 

B Sant Simeó 
Hippocrepis comosa subsp. 
scorpiodes 1 0 -1 

B Sant Simeó Gymnadenia conopsea 1 0 -1 

B Sant Simeó Gladiolus italicus 1 0 -1 

B Sant Simeó Fumaria officinalis 1 0 -1 

B Sant Simeó Filago pyramidata 1 0 -1 

B Sant Simeó 
Euphorbia nicaeensis subsp 
nicaeensis 1 0 -1 

B Sant Simeó Euphorbia helioscopia 1 0 -1 

B Cal Ton Lluent Fons 
Euphorbia characias subsp. 
characias 1 0 -1 

B Sant Simeó 
Euphorbia characias subsp. 
characias 1 0 -1 

B Cal Ton Lluent 
Dipcadi serotinum (Uropetalum 
serotinum) 1 0 -1 

B Cal Ton Lluent Fons 
Dipcadi serotinum (Uropetalum 
serotinum) 1 0 -1 

B Cal Ton Lluent Fons Crepis vesicaria subsp. taraxacifolia 1 0 -1 

B Cal Ton Lluent Fons Cornus sanguinea 1 0 -1 

B Sant Simeó Cerastium glomeratum 1 0 -1 

B Cal Ton Lluent Fons Avena barbata 1 0 -1 

B Cal Ton Lluent Asphodelus fistulosus 1 0 -1 

B Cal Ton Lluent Arenaria serpyllifolia 1 0 -1 

B Sant Simeó Arenaria serpyllifolia 1 0 -1 

B Cal Ton Lluent Fons Anagallis arvensis 1 0 -1 

B Sant Simeó Vitis vinífera 2 1 -1 

B Sant Simeó Quercus ilex subsp. ballota 2 1 -1 

B Cal Ton Lluent Fons Psoralea bituminosa 2 1 -1 

B Cal Ton Lluent Fons Olea europaea var. europaea 2 1 -1 

B Cal Ton Lluent Lonicera implexa 2 1 -1 

B Cal Ton Lluent Fons Juniperus oxycedrus 2 1 -1 

B Cal Ton Lluent 
Helianthemum oelandicum subsp. 
Italicum 2 1 -1 

B Sant Simeó 
Helianthemum oelandicum subsp. 
Italicum 2 1 -1 

B Cal Ton Lluent Fons Euphorbia serrata 2 1 -1 

B Cal Ton Lluent Fons Eryngium campestre 2 1 -1 

B Cal Ton Lluent Fons Echium vulgare 2 1 -1 

B Sant Simeó Daphne gnidium 2 1 -1 

B Cal Ton Lluent Coronilla minima L. subsp. lotoides 2 1 -1 

B Cal Ton Lluent 
Coris monspeliensis subsp 
monspeliensis 2 1 -1 

B Cal Ton Lluent Fons 
Coris monspeliensis subsp 
monspeliensis 2 1 -1 
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B Sant Simeó Avena barbata 2 1 -1 

B Sant Simeó 
Coris monspeliensis subsp 
monspeliensis 3 2 -1 

B Cal Ton Lluent 
Brachypodium retusum (B. 
ramosum) 3 2 -1 

B Cal Ton Lluent 
Argyrolobium zanonii (Cytisus 
argenteus) 3 2 -1 

A Dryland river 2 Thymus serpyllum 1 0 -1 

A Dryland river 2 Scrophularia canina 1 0 -1 

A Dryland river 1 Rosmarinus officinalis 1 0 -1 

A Dryland river 2 Rosmarinus officinalis 1 0 -1 

A Dryland river 1 Quercus ilex 1 0 -1 

A Dryland river 1 Prunus dulcis 1 0 -1 

A Dryland river 2 Prunus dulcis 1 0 -1 

A Dryland river 2 Plantago holosteum 1 0 -1 

A Dryland river 1 Pinus halepensis 1 0 -1 

A Dryland river 2 Papaver roea 1 0 -1 

A Dryland river 1 Dactylis glomerata 1 0 -1 

A Dryland river 2 Dactylis glomerata 1 0 -1 

A Dryland river 1 Aulaga 1 0 -1 

A Dryland river 1 Asparagus albus 1 0 -1 

A Dryland river 2 Artemisia campestris 1 0 -1 

A Dryland river 1 Lavatera maritima 2 1 -1 

A Dryland river 1 Eryngium campestre 2 1 -1 

A Dryland river 1 Retama sphaerocarpa 3 2 -1 

TI flat Salvia canariensis 1 1 0 

TI flat Salvia canariensis 1 1 0 

TI slope Salvia canariensis 1 1 0 

TI slope Rubia fruticosa 1 1 0 

TI slope Plocama pendula 1 1 0 

TI slope Plocama pendula 1 1 0 

TI slope Plocama pendula 1 1 0 

TI slope Plocama pendula 1 1 0 

TI flat Neochamalea pulverulenta 1 1 0 

TI slope Neochamalea pulverulenta 1 1 0 

TI slope Neochamalea pulverulenta 1 1 0 

TI slope Lycium intricatum 1 1 0 

TI slope Lycium intricatum 1 1 0 

TI flat Launaea arborescens 1 1 0 

TI slope Launaea arborescens 1 1 0 

TI slope Launaea arborescens 1 1 0 

TI slope Launaea arborescens 1 1 0 

TI slope Launaea arborescens 1 1 0 

TI slope Kleinia neriifolia 1 1 0 

TI slope Kleinia neriifolia 1 1 0 

TI slope Kleinia neriifolia 1 1 0 

TI slope Kleinia neriifolia 1 1 0 
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TI slope Kleinia neriifolia 1 1 0 

TI slope Kleinia neriifolia 1 1 0 

TI slope Kleinia neriifolia 1 1 0 

TI slope Kleinia neriifolia 1 1 0 

TI slope Kleinia neriifolia 1 1 0 

TI slope Fagonia cretica 1 1 0 

TI flat Euphorbia regis-jubae 1 1 0 

TI flat Euphorbia regis-jubae 1 1 0 

TI flat Euphorbia regis-jubae 1 1 0 

TI flat Euphorbia regis-jubae 1 1 0 

TI slope Euphorbia regis-jubae 1 1 0 

TI slope Echium onosfolium 1 1 0 

TI slope Asteriscus graveolens 1 1 0 

TI slope Asteriscus graveolens 1 1 0 

TI slope Asteriscus graveolens 1 1 0 

TI slope Artemisia thuscula 1 1 0 

TI slope Salvia canariensis 2 2 0 

TI slope Neochamalea pulverulenta 2 2 0 

TI slope Neochamalea pulverulenta 2 2 0 

TI slope Neochamalea pulverulenta 2 2 0 

TI slope Neochamalea pulverulenta 2 2 0 

TI slope Neochamalea pulverulenta 2 2 0 

TI slope Launaea arborescens 2 2 0 

TI slope Launaea arborescens 2 2 0 

TI slope Launaea arborescens 2 2 0 

TI slope Launaea arborescens 2 2 0 

TI slope Launaea arborescens 2 2 0 

TI slope Launaea arborescens 2 2 0 

TI slope Launaea arborescens 2 2 0 

TI slope Launaea arborescens 2 2 0 

TI slope Launaea arborescens 2 2 0 

TI slope Launaea arborescens 2 2 0 

TI slope Launaea arborescens 2 2 0 

TI slope Kleinia neriifolia 2 2 0 

TI slope Kleinia neriifolia 2 2 0 

TI slope Kleinia neriifolia 2 2 0 

TI slope Kleinia neriifolia 2 2 0 

TI slope Kleinia neriifolia 2 2 0 

TI slope Kleinia neriifolia 2 2 0 

TI slope Kleinia neriifolia 2 2 0 

TI slope Kleinia neriifolia 2 2 0 

TI slope Kleinia neriifolia 2 2 0 

TI slope Kleinia neriifolia 2 2 0 

TI flat Euphorbia regis-jubae 2 2 0 

TI slope Euphorbia regis-jubae 2 2 0 

TI slope Euphorbia regis-jubae 2 2 0 
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TI slope Euphorbia regis-jubae 2 2 0 

TI slope Euphorbia regis-jubae 2 2 0 

TI slope Euphorbia regis-jubae 2 2 0 

TI slope Euphorbia regis-jubae 2 2 0 

TI slope Euphorbia regis-jubae 2 2 0 

TI slope Euphorbia regis-jubae 2 2 0 

TI slope Euphorbia regis-jubae 2 2 0 

TI slope Euphorbia balsamifera 2 2 0 

TI flat Echium onosfolium 2 2 0 

TI slope Asteriscus graveolens 2 2 0 

TI slope Neochamalea pulverulenta 3 3 0 

TI slope Neochamalea pulverulenta 3 3 0 

TI slope Neochamalea pulverulenta 3 3 0 

TI slope Launaea arborescens 3 3 0 

TI flat Euphorbia regis-jubae 3 3 0 

TI slope Euphorbia regis-jubae 3 3 0 

T 
Autumn-16 and 
Spring-17 Cardus sp. 0 0 0 

T 
Autumn-16 and 
Spring-17 Juniperus oxycedrus 1 1 0 

T 
Autumn-16 and 
Spring-17 Ulex parviflorus 2 2 0 

T 
Autumn-16 and 
Spring-17 Thymus vulgaris 2 2 0 

T 
Autumn-16 and 
Spring-17 Rosmarinus officinalis 2 2 0 

T 
Autumn-16 and 
Spring-17 Pistacea lentiscus 2 2 0 

T 
Autumn-16 and 
Spring-17 Paronichia argentea 2 2 0 

T 
Autumn-16 and 
Spring-17 Cistus salvifolius 2 2 0 

T 
Autumn-16 and 
Spring-17 Chamerops humilis 2 2 0 

T 
Autumn-16 and 
Spring-17 Rhamnus lycioides 3 3 0 

T 
Autumn-16 and 
Spring-17 Quercus coccifera 3 3 0 

T 
Autumn-16 and 
Spring-17 Barchypodium retusum 3 3 0 

T 
Autumn-16 and 
Spring-17 Anthyllis cytisoides 3 3 0 

P Above black Brassica sp. 1 1 0 

P Grey Land Brassica sp. 1 1 0 

P Next to Grey Land Brassica sp. 1 1 0 

P Unit 5 Brassica sp. 1 1 0 

P Black land down Sonchus oleraceus  2 2 0 

P Black land upper Sonchus oleraceus  2 2 0 

P Black land upper Papaver rhoeas   2 2 0 
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P Next to Sensoterra Papaver rhoeas   2 2 0 

P Black land down Cynara cardunculus  2 2 0 

P Black land upper Cynara cardunculus  2 2 0 

P Next to Sensoterra Cynara cardunculus  2 2 0 

P Next to Sensoterra Brassica sp. 2 2 0 

P Sensoterra Brassica sp. 2 2 0 

P Sloped area Brassica sp. 2 2 0 

P Black land down Anchusa azurea  2 2 0 

P Black land upper Anchusa azurea  2 2 0 

P Sloped area Anchusa azurea  2 2 0 

P Black land down Brassica sp.  3 3 0 

P Black land upper Brassica sp. 3 3 0 

B Cal Ton Lluent Fons Viburnum tinus subsp. tinus 1 1 0 

B Sant Simeó Thymus vulgaris 1 1 0 

B Cal Ton Lluent Fons Sorbus domestica 1 1 0 

B Cal Ton Lluent Fons Sedum sediforme 1 1 0 

B Sant Simeó Scabiosa atropurpurea (S. maritima) 1 1 0 

B Sant Simeó Satureja montana 1 1 0 

B Cal Ton Lluent Fons Sanguisorba minor 1 1 0 

B Cal Ton Lluent Fons Rubus ulmifolius 1 1 0 

B Sant Simeó Rubia peregrina 1 1 0 

B Sant Simeó Rhamnus alaternus 1 1 0 

B Cal Ton Lluent Quercus ilex subsp. ballota 1 1 0 

B Cal Ton Lluent Fons Quercus cerrioides 1 1 0 

B Cal Ton Lluent Fons Pistacia lentiscus 1 1 0 

B Sant Simeó Phalaris minor 1 1 0 

B Cal Ton Lluent Orobanche sp. 1 1 0 

B Sant Simeó Orobanche sp. 1 1 0 

B Cal Ton Lluent Ononis pusilla 1 1 0 

B Cal Ton Lluent Olea europaea var. europaea 1 1 0 

B Sant Simeó Muscari comosum 1 1 0 

B Sant Simeó Lotus corniculatus 1 1 0 

B Cal Ton Lluent Fons Lonicera implexa 1 1 0 

B Sant Simeó Lithospermum fruticosum 1 1 0 

B Cal Ton Lluent Fons Linun narbonense 1 1 0 

B Cal Ton Lluent Juniperus oxycedrus 1 1 0 

B Cal Ton Lluent Fons Hypericum hyssopifolium 1 1 0 

B Cal Ton Lluent 
Hippocrepis comosa subsp. 
scorpiodes 1 1 0 

B Cal Ton Lluent Fons 
Hieracium pilosella cf. 
Pseudopilosella 1 1 0 

B Sant Simeó 
Hieracium pilosella cf. 
Pseudopilosella 1 1 0 

B Cal Ton Lluent Fons Helichrysum stoechas 1 1 0 

B Cal Ton Lluent Fons 
Helianthemum oelandicum subsp. 
Italicum 1 1 0 

B Cal Ton Lluent Fons Globularia vulgaris 1 1 0 
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B Cal Ton Lluent Globularia alypum 1 1 0 

B Sant Simeó Gallium pumilum 1 1 0 

B Cal Ton Lluent Euphorbia serrata 1 1 0 

B Sant Simeó 
Erucastrum nasturtiifolium (E. 
obtusangulum) 1 1 0 

B Sant Simeó Diplotaxis erucoides 1 1 0 

B Sant Simeó Dactylis glomerata 1 1 0 

B Cal Ton Lluent Fons Coriaria myrtifolia 1 1 0 

B Cal Ton Lluent Fons Centaurea linifolia subsp. linifolia 1 1 0 

B Sant Simeó Carex flacca 1 1 0 

B Cal Ton Lluent Fons Bupleurum rigidum 1 1 0 

B Sant Simeó 
Biscutella laevigata (subsp. 
stenophylla) 1 1 0 

B Cal Ton Lluent Fons 
Argyrolobium zanonii (Cytisus 
argenteus) 1 1 0 

B Cal Ton Lluent 
Anacamptis pyramidalis (Orchis 
pyramidalis L.) 1 1 0 

B Cal Ton Lluent Fons Amelanchier ovalis 1 1 0 

B Sant Simeó Amelanchier ovalis 1 1 0 

B Cal Ton Lluent Thymus vulgaris 2 2 0 

B Sant Simeó Sanguisorba minor 2 2 0 

B Cal Ton Lluent Fons Quercus coccifera subsp. coccifera 2 2 0 

B Sant Simeó Quercus coccifera subsp. coccifera 2 2 0 

B Cal Ton Lluent Quercus cerrioides 2 2 0 

B Cal Ton Lluent Pinus halepensis 2 2 0 

B Cal Ton Lluent Fons Pinus halepensis 2 2 0 

B Sant Simeó Pinus halepensis 2 2 0 

B Sant Simeó Linun narbonense 2 2 0 

B Cal Ton Lluent 
Linum tenuifolium subsp. 
suffruticosum 2 2 0 

B Sant Simeó 
Helianthemum apenninum subsp. 
pilosum 2 2 0 

B Cal Ton Lluent Genista scorpius subsp. scorpius 2 2 0 

B Sant Simeó Euphorbia serrata 2 2 0 

B Sant Simeó Erica multiflora 2 2 0 

B Cal Ton Lluent Daphne gnidium 2 2 0 

B Cal Ton Lluent Fons Coronilla minima L. subsp. lotoides 2 2 0 

B Sant Simeó Coronilla minima L. subsp. lotoides 2 2 0 

B Cal Ton Lluent Cistus salviifolius 2 2 0 

B Sant Simeó Cistus salviifolius 2 2 0 

B Sant Simeó Bupleurum rigidum 2 2 0 

B Cal Ton Lluent Fons 
Brachypodium retusum (B. 
ramosum) 2 2 0 

B Sant Simeó 
Brachypodium retusum (B. 
ramosum) 2 2 0 

B Sant Simeó 
Argyrolobium zanonii (Cytisus 
argenteus) 2 2 0 

B Cal Ton Lluent Arbutus unedo 2 2 0 
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B Cal Ton Lluent Fons Arbutus unedo 2 2 0 

B Cal Ton Lluent Aphyllanthes monspeliensis 2 2 0 

B Cal Ton Lluent Quercus coccifera subsp. coccifera 3 3 0 

B Sant Simeó Genista scorpius subsp. scorpius 3 3 0 

B Cal Ton Lluent Fons Aphyllanthes monspeliensis 3 3 0 

B Sant Simeó 
Dorycnium penthaphyllum subsp. 
gracile 4 4 0 

B Sant Simeó Aphyllanthes monspeliensis 4 4 0 

A Dryland river 1 Ballota hirsuta 1 1 0 

T 
Autumn-16 and 
Spring-17 Teucrium pseudochamepitis 2 3 1 

T 
Autumn-16 and 
Spring-17 Erica multiflora 2 3 1 

T 
Autumn-16 and 
Spring-17 Dorichnium pentaphyllum + cuscuta 2 3 1 

T 
Autumn-16 and 
Spring-17 Dorichnium pentaphyllum 2 3 1 

B Sant Simeó Urospermum dalechampii 0 1 1 

B Sant Simeó Trifolium dubium 0 1 1 

B Cal Ton Lluent Fons Thymus vulgaris 0 1 1 

B Sant Simeó Stipa pennata 0 1 1 

B Cal Ton Lluent Fons Spartium junceum 0 1 1 

B Sant Simeó Spartium junceum 0 1 1 

B Sant Simeó Sorbus domestica 0 1 1 

B Cal Ton Lluent Sedum sediforme 0 1 1 

B Sant Simeó Sedum sediforme 0 1 1 

B Cal Ton Lluent Scorzonera angustifolia 0 1 1 

B Cal Ton Lluent Scabiosa atropurpurea (S. maritima) 0 1 1 

B Cal Ton Lluent Fons Scabiosa atropurpurea (S. maritima) 0 1 1 

B Sant Simeó Santolina chamaecyparissus 0 1 1 

B Cal Ton Lluent Rubia peregrina 0 1 1 

B Cal Ton Lluent Fons Rubia peregrina 0 1 1 

B Cal Ton Lluent Fons Rosa agrestis 0 1 1 

B Sant Simeó Rosa agrestis 0 1 1 

B Cal Ton Lluent Fons Quercus ilex subsp. ballota 0 1 1 

B Sant Simeó Quercus cerrioides 0 1 1 

B Cal Ton Lluent Fons Platanthera bifolia  0 1 1 

B Cal Ton Lluent Fons Plantago sempervirens 0 1 1 

B Cal Ton Lluent Fons Plantago lanceolata 0 1 1 

B Sant Simeó Oryzopsis miliacea  0 1 1 

B Cal Ton Lluent Fons Orobanche sp. 0 1 1 

B Cal Ton Lluent Orchis ustulata 0 1 1 

B Cal Ton Lluent Fons Orchis ustulata 0 1 1 

B Sant Simeó Ononis pusilla 0 1 1 

B Cal Ton Lluent Moehringia pentandra 0 1 1 

B Cal Ton Lluent Fons Moehringia pentandra 0 1 1 

B Cal Ton Lluent Lithospermum fruticosum 0 1 1 
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B Cal Ton Lluent Linun narbonense 0 1 1 

B Sant Simeó 
Linum tenuifolium subsp. 
suffruticosum 0 1 1 

B Cal Ton Lluent Fons 
Leontodon taraxacoides subsp. 
hispidus 0 1 1 

B Sant Simeó 
Leontodon taraxacoides subsp. 
hispidus 0 1 1 

B Sant Simeó Juniperus oxycedrus 0 1 1 

B Sant Simeó Iris germanica 0 1 1 

B Cal Ton Lluent Helichrysum stoechas 0 1 1 

B Sant Simeó Helichrysum stoechas 0 1 1 

B Sant Simeó Helianthemum syriacum 0 1 1 

B Cal Ton Lluent Fons Gallium pumilum 0 1 1 

B Cal Ton Lluent Galium lucidum 0 1 1 

B Cal Ton Lluent Fons 
Euphorbia amygdaloides subsp. 
amygdaloides 0 1 1 

B Cal Ton Lluent Fons 
Erucastrum nasturtiifolium (E. 
obtusangulum) 0 1 1 

B Sant Simeó 
Dipcadi serotinum (Uropetalum 
serotinum) 0 1 1 

B Cal Ton Lluent Fons Daphne gnidium 0 1 1 

B Sant Simeó Cytisophyllum sessilifolium 0 1 1 

B Cal Ton Lluent Coriaria myrtifolia 0 1 1 

B Cal Ton Lluent Centaurea scabiosa subsp. scabiosa 0 1 1 

B Sant Simeó Centaurea scabiosa subsp. scabiosa 0 1 1 

B Cal Ton Lluent Fons Carex flacca 0 1 1 

B Cal Ton Lluent Fons Carduus nigrescens 0 1 1 

B Sant Simeó Bromus madritensis 0 1 1 

B Cal Ton Lluent Fons Brachypodium phoenicoides 0 1 1 

B Sant Simeó Brachypodium phoenicoides 0 1 1 

B Cal Ton Lluent Fons 
Blackstonia perfoliata (Chlora 
perfoliata) 0 1 1 

B Cal Ton Lluent Fons Asphodelus fistulosus 0 1 1 

B Cal Ton Lluent Fons Arenaria serpyllifolia 0 1 1 

B Sant Simeó Anagallis arvensis 0 1 1 

B Cal Ton Lluent Amelanchier ovalis 0 1 1 

B Sant Simeó Aegilops geniculata 0 1 1 

B Cal Ton Lluent Fons Aceras anthropophorum 0 1 1 

B Sant Simeó Quercus humilis (Q. pubescens) 1 2 1 

B Cal Ton Lluent Psoralea bituminosa 1 2 1 

B Sant Simeó Psoralea bituminosa 1 2 1 

B Sant Simeó Plantago sempervirens 1 2 1 

B Cal Ton Lluent Pistacia lentiscus 1 2 1 

B Sant Simeó Ononis spinosa 1 2 1 

B Sant Simeó Olea europaea var. europaea 1 2 1 

B Cal Ton Lluent Fons Lithospermum fruticosum 1 2 1 

B Sant Simeó Globularia vulgaris 1 2 1 

B Cal Ton Lluent Fons Genista scorpius subsp. scorpius 1 2 1 
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B Sant Simeó Eryngium campestre 1 2 1 

B Cal Ton Lluent Erica multiflora 1 2 1 

B Cal Ton Lluent Fons Erica multiflora 1 2 1 

B Sant Simeó Echium vulgare 1 2 1 

B Sant Simeó Coriaria myrtifolia 1 2 1 

B Sant Simeó Convolvulus lanuginosus 1 2 1 

B Sant Simeó Centaurea scabiosa subsp. scabiosa 1 2 1 

B Sant Simeó 
Blackstonia perfoliata (Chlora 
perfoliata) 1 2 1 

B Sant Simeó Astragalus monspessulanus 1 2 1 

B Sant Simeó Arbutus unedo 1 2 1 

B Sant Simeó Rosmarinus officinalis 2 3 1 

B Sant Simeó Plantago lanceolata 2 3 1 

B Cal Ton Lluent Rosmarinus officinalis 3 4 1 

B Cal Ton Lluent 
Dorycnium penthaphyllum subsp. 
gracile 3 4 1 

B Cal Ton Lluent  Brachypodium phoenicoides 3 4 1 

B Sant Simeó Brachypodium phoenicoides 3 4 1 

A Dryland river 1 Verbascum sinuatum 0 1 1 

A Dryland river 1 Sonchus oleraceus  0 1 1 

A Dryland river 1 Sideritis sp. 0 1 1 

A Dryland river 1 Orobanche sp. 0 1 1 

A Dryland river 1 Lygeum spartum 0 1 1 

A Dryland river 1 
Linum tenuifolium subsp. 
suffruticosum 0 1 1 

A Dryland river 1 Eruca vesicaria 0 1 1 

A Dryland river 1 Andryala rugusina 0 1 1 

A Dryland river 1 Thymus zygis 1 2 1 

A Dryland river 1 Phlomis purpurea 1 2 1 

A Dryland river 1 Macrochloa tenacissima 1 2 1 

A Dryland river 1 Artemisia campestris 2 3 1 

B Cal Ton Lluent Thymelaea tinctoriasubsp. tinctoria 0 2 2 

B Cal Ton Lluent Fons Stipa offneri  0 2 2 

B Sant Simeó Medicago sativa 0 2 2 

B Sant Simeó Lolium rigidum 0 2 2 

B Cal Ton Lluent Globularia vulgaris 0 2 2 

B Sant Simeó Galium lucidum 0 2 2 

B Cal Ton Lluent Fumana ericoides 0 2 2 

B Cal Ton Lluent Fons Fumana ericoides 0 2 2 

B Sant Simeó 
Euphorbia amygdaloides subsp. 
amygdaloides 0 2 2 

B Sant Simeó Cirsium arvense  0 2 2 

B Cal Ton Lluent Astragalus monspessulanus 0 2 2 

B Cal Ton Lluent Fons 
Anacamptis pyramidalis (Orchis 
pyramidalis L.) 0 2 2 

B Sant Simeó 
Anacamptis pyramidalis (Orchis 
pyramidalis L.) 0 2 2 
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B Sant Simeó Rubus ulmifolius 1 3 2 

B Sant Simeó Hypericum hyssopifolium 1 3 2 

B Cal Ton Lluent Helianthemum syriacum 1 3 2 

B Sant Simeó Fumana ericoides 1 3 2 

B Cal Ton Lluent Fons 
Dorycnium penthaphyllum subsp. 
gracile 2 4 2 

A Dryland river 1 Ulex parvilorus 0 2 2 

A Dryland river 1 Scrophularia canina 0 2 2 

A Dryland river 1 Mercurialis tomentosa 0 2 2 

A Dryland river 1 Bituminaria bituminosa 0 2 2 

B Cal Ton Lluent Fons Rosmarinus officinalis 0 3 3 

B Cal Ton Lluent Fons Helianthemum syriacum 0 3 3 

A Dryland river 1 Euphorbia sp. 0 3 3 

A Dryland river 1 Avena fatua 0 3 3 

B Sant Simeó Melilotus sulcata 0 4 4 
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ANNEX 4. FAUNA INDICATORS 

 

 


