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“THE FOREST ELEMENT” - AN INTRODUCTION
I. The Habitat 

The priority habitat type *91E0
(Alluvial forests with Alnus glutinosa and Fraxinus excelsior) in Andros
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Distribution of alluvial forests with Alnus glutinosa in Europe

➢ Alluvial forests with Alnus glutinosa and Fraxinus 

excelsior (priority habitat 91E0*; Annex I, Directive 

92/43/EEC) are distributed throughout Europe, but 

they are generally rare and threatened since only 

remnants exist, mainly in central and northern 

Europe.

➢ Alder stands are considerably less frequent in the 

Mediterranean region, where the repercussions of 

changes in the hydrological cycle caused by global 

warming and climate destabilization are much more 

evident.

➢ The southernmost limit of the priority habitat 91E0* 

in the Balkan Peninsula is located in Andros island.
Map presenting Natura 2000 sites, which include the priority habitat 91E0* in continental 
Europe (in green) and in islands (in blue); Andros island is indicated by the red arrow. 
Data from https://www.eea.europa.eu/data-and-maps/data/natura-6



ΒόρηΛεύκα

Distribution of alluvial forests with Alnus glutinosa on Andros

➢ A. glutinosa demonstrates a patchy distribution on 

Andros, predominantly occurring along the main 

streams and in altitudes ranging from sea level to as 

high as 850 m above sea level (a.s.l.) close to the 

highest peaks of the island.

➢ In many cases black alders are mixed with Platanus 

orientalis, Fraxinus ornus and/or Nerium oleander (in 

lower altitudes), while they also form pure stands, as 

it is the case at the estuaries of the Vori stream and 

along the riverbanks of Lefka in NE Andros.
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The degradation of the alluvial Alnus glutinosa forests of Andros

Several factors have led to the degradation of the alluvial forests of 

Andros, the most important being:

▪ Wildfires and the succeeding flooding events

▪ Overgrazing

▪ Abandonment of traditional cultivation practices

▪ Absence of any type of management practices
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“THE FOREST ELEMENT”

II. Technical studies regarding the priority habitat type *91E0
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Study of hydrogeological parameters of the Vori stream

The hydrogeological study
includes:

• detailed topographic map 
of the wetland
• aerial photography using 
drone
• flow modeling using SWAT
hydrological model
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Preparatory technical studies for conservation actions 
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Habitat types and vegetation units within the study areas
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III. The Plants (Alnus glutinosa and other species of importance)
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Floristic analysis and important plant species

The flora of the study areas consists of 234 vascular plant taxa.
The majority of the plant species have a wide distribution in the
Mediterranean region or even larger areas.

The endemic element is represented by 12 taxa, most of them
inhabiting dry slopes close to the streams. Two flagship plant
species of Andros Island (i.e., Galanthus ikariae, Scilla andria) grow
within the priority habitat 91E0* in Lefka and Vori stream,
respectively.

The study of A. glutinosa associated plants in Andros: Results
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In the frame of preparatory 

actions, a species new to 

science, i.e. Hypericum 

cycladicum, was described 

from Vori.

The study of A. glutinosa associated plants in Andros: Results



A new plant species (Allium

stamatiadae) was described from

Alnus glutinosa and Platanus

orientalis forests along the Vourkoti

and Apoikia streams.
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The study of A. glutinosa associated plants in Andros: Results



An Ilex aquifolium

population was discovered

in the Alnus glutinosa

forest of Vourkoti stream.

This is the first record of

this important plant

species in the Cyclades

and the southernmost

record in the Balkan

Peninsula.
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Establishment of the Botanic Garden and ex-situ conservation actions for 
selected plants deriving from the habitat 91E0*,

and of macrofungi associated with Alnus glutinosa

140 plant species have already been established in the Botanic Garden (Kaireios Library) at Apoikia. Three 

plant species (Galanthus ikariae, Scilla andria and Hypericum cycladicum distributed in the study areas face 

increased extinction risk and they have been included in the ex-situ conservation action plan.

Ex-situ conservation actions include establishment of living collections in the Botanic Garden and seed 

accessions deposited in the AUA’s seed bank.

Galanthus ikariae
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“THE FOREST ELEMENT”

IV. The Fungi (those associated to Alnus glutinosa)



Plant – Fungi interactions: the ectomycorrhizae

Synthetic representation of the causal relationships in an ectomycorrhizal forest ecosystem
(source: Courty et al. 2010)

➢ The fungal symbionts forming ectomycorrhizas, as well 

as their associated bacteria, benefit forest trees in a 

number of ways although the most important is 

enhancing soil nutrient mobilization and uptake.

➢ This is reciprocated by the allocation of carbohydrates 

by the tree to the fungus through the root interface, 

making the relationship a mutualistic association.

➢ Ectomycorrhizal fungi contribute to a number of key 

ecosystem functions such as carbon cycling, nutrient 

mobilization from soil organic matter, nutrient 

mobilization from soil minerals, and linking trees 

through common mycorrhizal networks. 



Fungi associated with Alnus glutinosa – The case of Andros island

➢ Alder trees are known to form symbiotic relationships with nitrogen-fixing 

actinomycetes of the genus Frankia, with arbuscular mycorrhizal fungi (AM) of 

Glomeromycota and with various ectomycorrhizal (ECM) fungi of Ascomycota and 

Basidiomycota.

➢ ECM fungi of Alnus spp. exhibit a remarkably high degree of host specificity 

compared to other tree species, while alders have a low number (<50) of ECM 

symbionts worldwide.

➢ Limited knowledge is available on the diversity of fungi associated with alders in 

Greece, and only preliminary data have been reported so far.

➢ On the other hand, Andros is the only Greek island where a systematic inventory of 

macrofungi is in progress for more than 20 years.

➢ In the past, 37 mushroom species were reported from A. glutinosa habitats in 

Andros, among which Entoloma alnicola was described as a new species for science 

still known from the type locality only.
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The study of A. glutinosa associated fungi in Andros: Set-up

➢ Fungal specimens were collected from 10 sampling sites covering 

almost the entire area of A. glutinosa distribution in Andros island, 

which appears mainly within (or marginally out) the SCI 

GR4220001, extending from sea-level to an altitude of ca. 850 m 

a.s.l.

➢ The biological material examined was sampled in 38 forays; more 

than half of those (23) were conducted in the period of the LIFE 

project (i.e., from 2017 to 2020).

➢ In total, 187 specimens found exclusively under alder trees or 

directly on their wood, woody residues or leaf-litter were collected; 

specimens are deposited in the Fungarium of AUA (ACAM).

➢ Taxonomically important microscopic morphoanatomical features 

were studied by high resolution optical microscopy.

➢ DNA extraction, PCR, sequencing and phylogenetic analyses were 

implemented for the final determination of species.

Sampling sites (in yellow marking) in the Alnus glutinosa habitat and relative position/size 
of the area under investigation within Andros island (source: Polemis et al. 2020)
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➢ As a result of the forays and subsequent studies, 106

mushroom species were recorded; 92 are saprotrophic and 14 

form ectomycorrhizae (ECM) with alders.

➢ Twenty-one species are first national records, while 68 other 

species are reported for the first time from this habitat in 

Greece.

➢ Several findings are of particular interest due to their rarity, 

ecological preferences and/or taxonomic status.

➢ The updated compilation of available data on the 

basidiomycetes of Alnus glutinosa stands of Andros was 

published in the peer-reviewed scientific journal “Diversity”.

The study of A. glutinosa associated fungi in Andros: Results
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Highlights of the Results – Alder-associated ECM species

➢ 6 ECM species belonging to the genus Alnicola (= Naucoria), which 
are exclusively associated with alder trees, were identified in the 
respective habitat of Andros.

➢ In total, 14 alder-associated ECM species were recorded on the 
island, among which 10 are recorded for the first time in Greece. 

➢ The first alder-specific Cortinarius species (i.e., C. americanus) in 
Greece was found in Andros!
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Highlights of the Results – New records of saprotrophs and wood-rotting species

➢ 92 saprotrophs (including wood-rotting) species were found in alder stands of Andros.

➢ The best represented genera of saproxylic fungi were Hyphoderma (three spp.), Mycena (four 

spp.), Pluteus (four spp.) and Psathyrella (four spp. on woody residues or buried wood). In 

total, seven species recorded on dead wood or bark of living alder trees are recorded for the 

first time in Greece.

➢ The presence of a rare European species was confirmed, namely Entoloma uranochroum

recorded for the first time in an alder habitat, while it was reported so far from subalpine 

meadows in Austria and the French Alps.

Entoloma uranochroum – Evrousies, Nov. 2019 Lepiota ochraceofulva – Vourkoti, Nov. 2019

Fomes fomentarius - Vori, Jan. 2020
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The study of A. glutinosa associated fungi in Andros: Future work

➢ A small number of studied specimens remain unidentified to species 

level and phylogenetic analyses conducted so far suggest that some 

of them could represent new species for science. 

➢ Additional forays are planned in the upcoming seasons to assess the 

diversity of hypogeous mushroom species in Andros alder stands.

➢ Below-ground fungal diversity research activities, including ECM-root 

tips (#174), are in progress for detecting more ECM mushroom 

species that are not recorded yet in the form of epigeous sporocarps.

➢ The checklist will be regularly updated with the new findings until the 

end of the project (as well as during After LIFE) in the frame of 

monitoring the macrofungi associated with the key-plant element.
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“THE FOREST ELEMENT”

V. The Outcome (Alnus glutinosa coexistence with fungi!)



Exploitation of the results from the Preparatory Actions –
Restoration of the A. glutinosa priority habitat (1)

▪ Restoration of approx. 11 ha of degraded/destroyed alluvial alder stands in 

Andros is in progress by preparing approx. 15000 (vs. 11000 initially 

foreseen) inoculated seedlings. 

▪ Pertinent activities began by implementing the early phases, e.g. seed 

collection, nursery establishment, seedlings production and fungal inocula

preparation followed by the seedlings plantation at the restoration sites in 

two consecutive years (2018-19, 2019-20) to be followed by a third one 

(2020-21). 

▪ The initial development and inoculation of alder seedlings was 

accomplished at AUA for better control over plant growth and maintenance.

▪ Alder seeds germination followed their wet stratification in sterilized silica 

sand at 4 ºC. Intermediate germination tests were performed to determine 

the seeds germination index (ca. 50%).
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Exploitation of the results from the Preparatory Actions –
Restoration of the A. glutinosa priority habitat (2)

▪ In parallel, collection of ectomycorrhizal fungi was performed in 

alder habitats of Andros.

▪ Pure cultures were established from basidiomata of ECM fungi to 

serve as inocula for the alder seedlings.

▪ Moreover, three additional inoculation methodologies were 

examined: (a) by suspensions of various ECM spores deriving 

from basidiomata of various ECM species, (b) through the use of 

Paxillus olivellus hymenophore-slices used in the form of 

suspension in water, and (c) by using natural rhizosphere-soil 

from the priority habitat as substrate-component for the growth 

of seedlings.

▪ All methodologies were applied either before sowing or just after 

alder seeds first transplantation.
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Exploitation of the results from the Preparatory Actions –
Restoration of the A. glutinosa priority habitat (3)

▪ Sowing of alder seeds, inoculation with ECMs and 

initial development of young plants was 

accomplished at AUA’s premises, and then the young 

plants remained for a few months at the Agadaki

Estate (Apoikia, Andros) before being transferred at 

the restoration areas (Vori and Lefka, Andros).

▪ The assessment of mycorrhizal colonization was 

performed six months after inoculation.

▪ Four ECM morphotypes were detected: on the roots 

of colonized alder seedlings: (a, b) two dominant and 

abundant Tomentella spp., (c) one paxilloid form, (d) 

one whose identity is currently under study.
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Exploitation of the results from the Preparatory Actions –
Restoration of the A. glutinosa priority habitat (4)

▪ Three consecutive lots of approx. 15000 

inoculated alders seedlings were produced at 

AUA’s nursery facilities.

▪ Approx. 11000 have already been planted at 

the restoration areas (Lefka and Vori). In 

addition, other 4000 plants are growing in 

AUA’s nursery.

▪ At the end of hot/dry seasons, many plants 

did not survive adverse weather conditions and 

overgrazing.

▪ However, 10+5 fenced ‘alder nuclei’ grow well 

at Vori and Lefka. These will be exploited in 

future transplantations and maintenance. 
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Exploitation of the results from the Preparatory Actions –
Restoration of the A. glutinosa priority habitat (5)



Restoration of the alluvial alder forests in Andros – Conclusions

▪ The environmental conditions at Vori seem to be favorable for the establishment of alders, especially 

after the successful intervention which resulted at draining most of the stagnant water at the 

estuary. Plants growth rate and robustness are satisfactory. The already existing web of symbiotic 

microorganisms seem to highly support seedlings establishment and well-being. It is estimated that a 

complete restoration will be achieved within the next 5-10 years.

▪ On the basis of the observations made so far, suitable sites for alder establishment in Lefka stream 

are limited in number. Consequently, only a few hundred plants can survive at favorable positions 

characterized by small-scale alluvial deposits along the stream and always inside fences. Therefore, 

the realistic goal is to create some healthy and robust ‘alder nuclei’ which will help re-introduce alder 

trees in the area, and subsequently form the basis of the their long-term establishment. 
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Thank you for the attention!
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