
APPENDIX A. Supplemental tables and figures. 

 

 

FIG. A1. Study design: 4 block sites, 3 successional stages, 6 plant species collected within each stage (i.e., 2 legume, 2 grass, 2 forb species). 

 

 

 

 

 



TABLE A1. Details of the four primary successions. The age of each successional stage has been estimated from literature: a Moura et al. 2006; 

Dias et al. 2000; Clark and Rendell 2006; b Wilson et el. 2004; Wilson P. 1987; c Caccianiga and Andreis 2004; Monterin 1919; Sacco 1938; 

Smiraglia 1992; Korner 2003.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Study sites 

 

Annual Mean 

Temperature 

(°C) 

Annual Mean 

Precipitation 

(mm) 

Soil pH Succession Age 

(years) 

    Early Middle Advanced 

Carrapateira 

Dunesa 
15.9 563 8.7 <50 200-600 >1000 

Umbra Dunesb 8.5 1065 8.6 <50 200-600 >1000 

Belvedere 

Glacierc 
5 1695 5.5 <50 200-600 >1000 

Locce Glacierc 5 1695 5.2 <50 200-600 >1000 



Ghiacciao Belvedere Number of times a species has been found along each transect
Pioneer Middle Advanced

Plant species transects A B C D E F tot A B C D E F tot A B C D E F Tot
Achillea clavennae 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Achillea moscata 1 1 2 1 3 3 11 1 0 0 0 0 0 1 0 2 0 0 1 0 3
Aconitum napellus 1 0 0 0 1 0 2 0 1 0 0 0 0 1 0 0 0 0 0 0 0
Adenostyles alliariae 0 0 0 0 0 0 0 1 0 0 0 1 0 2 0 1 0 0 0 0 1
Adenostyles alpina 0 0 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Agrostis schraderiana 3 4 4 1 3 2 17 3 1 1 2 3 3 13 0 0 0 0 0 0 0
Ajuga pyramidalis 0 0 0 0 0 0 0 0 0 0 1 1 0 2 0 0 0 2 2 0 4
Avenella flexuosa 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1 0 0 0 3
Campanula excisa 0 0 2 0 0 0 2 0 0 1 0 1 0 2 1 0 0 0 1 0 2
Cerastium peduncolatum 0 0 0 0 0 0 0 3 1 1 2 1 2 10 0 0 1 0 1 0 2
Gentiana verna 0 1 0 0 0 0 1 0 2 0 0 1 0 3 2 1 0 0 0 0 3
Geum montanum 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 2 1 3 3 3 14
Laserpitium halleri 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 2 3
Leuchantemopsis alpina 0 0 0 0 1 0 1 0 1 0 0 1 0 2 0 0 0 0 0 0 0
Linaria alpina 2 2 2 3 2 1 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lotus alpinus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 2 2 2 1 2 12
Oxyria digyna  3 2 2 2 3 1 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Phleum alpinum 0 0 0 0 0 0 0 1 0 0 0 0 0 1 3 3 2 3 1 1 13
Phyteuma betonicifolium  0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 2 3 3 2 2 17
Poa alpina 2 2 1 3 3 3 14 0 1 0 0 1 0 2 4 2 2 4 3 3 18
Poa glauca 0 0 0 1 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0
Poa laxa 0 0 0 0 0 0 0 3 3 1 2 2 3 14 1 0 0 0 0 0 1
Rhinanthus alpinum 0 0 0 0 0 0 0 2 2 1 1 2 2 10 0 1 1 0 0 0 2
Rumex scutatus 1 0 0 0 0 0 1 4 2 2 1 2 1 12 2 0 0 0 0 1 3
Trifolium pratense 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 4 1 2 2 4 15
Trifolum pallescens 2 1 1 2 2 1 9 2 3 1 1 3 1 11 0 0 0 0 0 0 0

Early stage
Middle stage
Advanced stage
Early/Middle stage
Early/Advanced stage

TABLE A2. Data of frequency of plant species at Belvedere Glacier succession obtained from transects repeated 6 times (A-F) in each stage of 

the plant community observed. The column of total individuals for each species reported for each stage was used to estimate qualitative plant 

species abundance. 

 



Ghiacciao delle Locce Number of times a species has been found along each transect
Pioneer Middle Advanced

Plant species Transects A B C D E F tot A B C D E F tot A B C D E F Tot
Achillea moscata 2 4 2 1 2 1 12 2 2 3 1 1 4 13 0 0 3 2 0 0 5
Adenostyles leucophylla 1 0 0 0 0 1 2 2 2 3 1 3 1 12 0 2 0 0 0 1 3
Agrostis schraderiana 1 3 3 1 2 1 11 0 0 0 1 1 1 3 3 0 0 0 0 0 3
Ajuga pyramidalis  0 0 0 0 0 0 0 0 0 0 1 1 2 4 0 1 1 0 2 0 4
Avenella flexuosa 0 0 0 1 0 0 1 0 0 2 2 0 1 5 5 3 4 3 1 2 18
Campanula excisa 1 2 2 3 1 2 11 0 0 0 1 0 0 1 1 0 2 1 0 0 4
Festuca halleri 0 1 0 0 0 0 1 4 3 3 1 1 2 14 0 2 1 1 2 1 7
Gentiana verna 0 0 0 0 0 0 0 2 0 0 1 0 3 0 0 1 1 1 2 5
Geum montanum 0 0 0 1 1 0 2 2 2 0 0 0 1 5 4 2 1 3 4 2 16
Laserpitium halleri 0 0 1 0 0 0 1 1 0 0 2 0 0 3 3 2 3 4 3 1 16
Leucanthemopsis alpina 3 1 1 2 1 1 9 0 0 1 0 0 1 2 0 0 2 0 0 0 2
Linaria alpina 0 0 2 0 0 0 2 0 0 1 0 0 0 1 0 0 0 0 0 0 0
Lotus alpinus 0 0 0 0 0 0 0 3 3 4 2 2 2 16 0 0 0 0 0 0 0
Oxyria digyna 1 1 0 0 0 0 2 0 2 1 0 1 0 4 0 0 2 2 0 0 4
Phleum alpinum 1 0 0 0 0 0 1 0 0 1 1 2 3 7 0 0 1 0 0 1 2
Phyteuma hemisphericum 1 0 0 0 0 0 1 0 0 0 0 1 3 4 5 2 1 3 2 2 15
Poa alpina 1 2 1 2 1 1 8 2 2 4 1 2 1 12 3 3 2 4 2 3 17
Rumex scutatus 0 0 0 1 0 0 1 0 0 2 2 0 0 4 0 1 1 0 1 0 3
Saussurea alpina 0 2 1 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Trifolium alpinum 0 0 0 0 0 0 0 2 0 0 0 1 0 3 3 3 2 1 2 3 14
Trifolium pallescens 2 2 2 1 2 1 10 0 0 2 2 0 0 4 0 0 0 0 0 0 0
Trifolium pratense 0 0 0 0 0 0 0 3 2 1 3 2 2 13 0 0 0 0 0 0 0

early stage
middle stage
advanced stage
early/middle/advanced stage
early/middle stage

TABLE A3. Data of frequency of plant species at Locce Glacier succession obtained from transects repeated 6 times (A-F) in each stage of the 

plant community observed. The column of total individuals for each species reported for each stage was used to estimate qualitative plant 

species abundance. 

 



Carrapateira Dunes Number of times a species has been found along each transect
Pioneer Middle Advanced

Plant species Transects A B C D E F tot A B C D E F tot A B C D E F Tot
Ammophila arenaria 4 3 4 2 3 3 19 2 1 1 2 2 1 9 0 0 1 0 0 0 1
Anagallis arvensis 0 0 0 0 0 0 0 2 1 1 0 1 0 5 2 3 3 2 2 3 15
Anagallis monelli 0 0 0 1 2 0 3 3 2 2 3 1 1 12 1 2 1 2 1 1 8
Anthyllis vulneraria 0 0 0 0 0 0 0 2 0 0 1 2 0 5 2 3 3 2 3 2 15
Armeria maritima 0 0 0 0 0 0 0 0 1 1 0 0 0 2 1 2 1 1 0 0 5
Balduina angustifolia 2 3 2 1 2 2 12 2 2 3 1 1 2 11 0 1 2 1 0 0 4
Cerinthe major 0 0 0 0 0 0 0 0 0 1 0 1 1 3 1 1 0 0 0 1 3
Coronilla emerus 0 0 0 0 0 0 0 3 3 1 2 1 3 13 2 0 1 1 1 2 7
Cypperus nigra 2 3 3 2 2 2 14 0 0 0 1 0 1 2 0 0 0 0 0 0 0
Dactylis hyspanica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 3 3 3 2 2 18
Iberis sempervirens 0 0 0 0 0 0 0 0 0 2 2 1 0 5 0 0 1 2 0 0 3
Lagurus ovatus 0 0 0 0 0 0 0 3 2 2 3 1 2 13 3 3 4 2 1 2 15
Lobularia maritima 0 0 0 0 0 0 0 0 1 2 0 0 0 3 1 1 1 0 0 1 4
Lotus creticus 3 2 2 1 2 3 13 2 4 4 2 2 1 15 3 4 2 2 3 3 17
Lotus sp. 2 1 1 2 3 2 11 0 0 0 0 0 0 0 2 0 0 1 2 1 6
Malcolmia littoria 2 3 2 2 3 3 15 0 0 2 2 0 0 4 0 0 0 0 1 1 2
Pilosella officinarum 0 0 0 0 0 0 0 0 0 1 1 1 1 4 4 4 2 3 4 3 20
Plantago lanceolata 0 0 0 0 0 0 0 4 3 3 3 2 2 17 1 0 2 0 1 2 6

early stage
middle stage
advanced stage
early/middle stage
middle/advanced stage
early/middle/advanced stage

TABLE A4. Data of frequency of plant species at Carrapateira Dune succession obtained from transects repeated 6 times (A-F) in each stage of 

the plant community observed. The column of total individuals for each species reported for each stage was used to estimate qualitative plant 

species abundance. 

 



Umbra Dunes Number of times a species has been found along each transect
Pioneer Middle Advanced

Plant species Transects A B C D E F tot A B C D E F tot A B C D E F tot
Ammophila arenaria 3 4 4 3 2 3 19 2 1 2 1 1 0 7 0 0 1 0 0 0 1
Anthoxantum aristatum 1 0 0 0 1 0 2 2 3 3 1 2 3 14 2 0 1 0 0 1 4
Anthoxantum odoratum 0 0 0 0 0 0 0 3 2 2 3 3 2 15 1 0 0 2 0 0 3
Anthyllis vulneraria 1 1 3 2 2 1 10 2 2 3 2 1 2 12 0 0 0 0 0 0 0
Dactylis glomerata 0 0 0 0 0 0 0 1 0 0 0 1 0 2 5 3 2 3 3 2 18
Dactylorhiza fuchsii 0 0 0 0 0 0 0 0 0 1 1 0 1 3 2 0 0 0 1 1 4
Festuca rubra subsp. arenaia 2 3 3 2 3 2 15 2 0 1 1 0 0 4 1 1 0 0 1 0 3
Helicotrichon pratense 1 0 0 0 0 0 1 0 0 1 0 1 0 2 3 3 4 4 2 3 19
Hypochaeris radicata 2 1 2 1 1 3 10 2 0 0 1 0 0 3 1 1 0 0 1 0 3
Jacobaea vulgaris 0 0 0 0 0 0 0 1 0 0 1 0 0 2 1 0 1 1 0 1 4
Lotus corniculatus 0 0 0 0 0 0 0 2 0 0 1 0 0 3 3 3 1 4 2 1 14
Pilosella officinarum 0 0 0 1 0 0 1 1 4 2 2 3 2 14 4 3 3 4 3 3 20
Plantago lanceolata 0 0 0 0 1 0 1 3 3 2 4 3 3 18 4 3 4 4 2 2 19
Ranunculus hirsutus 0 0 0 0 0 0 0 0 0 2 0 0 1 3 1 2 0 1 0 0 4
Rhinanthus minor 0 0 0 0 0 0 0 0 0 0 0 1 0 1 3 2 2 3 3 1 14
Sporobolus virginicus 1 0 1 0 0 0 2 0 1 1 1 0 1 4 0 0 1 1 0 0 2
Trifolium campestre 0 1 0 0 1 0 2 3 2 2 1 2 2 12 0 0 0 0 0 0 0
Triglochin palustris 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 0 1 0 0 3
Veronica arvensis 1 1 2 2 2 2 10 0 0 0 1 0 1 2 1 1 2 0 0 0 4
Vicia cracca 2 3 3 3 2 2 15 1 0 0 1 0 1 3 0 0 0 0 0 0 0

early stage
middle stage
advanced stage
early/middle stage
middle/advanced stage

TABLE A5. Data of frequency of plant species at Umbra Dune succession obtained from transects repeated 6 times (A-F) in each stage of the 

plant community observed. The column of total individuals for each species reported for each stage was used to estimate qualitative plant 

species abundance. 



 

TABLE A6. List of the plant species collected at the four study sites and separated between the 

three broad plant functional groups.  

Legume Species  Graminoid Species Forb Species 
Early Stage 

Lotus creticus 

Lotus sp. 

Anthyllis vulneraria 

Vicia cracca 

Trifolium pallescens 

Trifolium pallescens 

 

Early Stage 

Ammophila arenaria 

Cypperus nigra 

Ammophila arenaria 

Festuca rubia subsp. arenaria 

Poa alpina 

Agrostis schraderiana 

Poa alpina 

Agrostis schraderiana 

Early Stage 

Malcolmia littorea 

Balduina angustifolia 

Hypochaeris radicata 

Veronica arvensis 

Achillea moscata 

Linaria glacialis 

Campanula excisa 

Achillea moscata 

Leucanthemopsis alpina 

Oxyria digyna* 

 

Middle Stage 

Lotus creticus 

Coronilla emerus 

Anthyllis vulneraria 

Trifolium campestre 

Trifolium pallescens 

Lotus alpinus 

Trifolium pratense 

Middle Stage 

Lagurus ovatus 

Anagallis monelli 

Anthoxantum odoratum 

Anthoxanthum aristatum 

Agrostis schraderiana 

Poa laxa 

Poa alpina 

Festuca halleri 

Middle Stage 

Balduina angustifolia 

Plantago lanceolata 

Pilosella officinarum 

Plantago lanceolata 

Cerastium peduncolatum 

Rumex scutatus 

Achillea moscata 

Adenostyles leucophylla 

Rhinanthus alpinum 

 

Later Stage 

Lotus creticus 

Anthyllis vulneraria 

Lotus corniculatus 

Lotus alpinus 

Trifolium pratense 

Trifolium alpinum 

 

Later Stage 

Dactylis hyspanica 

Lagurus ovatus 

Dactylis glomerata 

Helicotrichon pratense 

Poa alpina 

Phleum alpinum 

Avenella flexuosa 

Poa alpina 

Later Stage 

Pilosella officinarum 

Anagalllis arvensis 

Plantago lanceolata 

Pilosella officinarum 

Geum montanum 

Phyteuma betonicifolia 

Geum montanum 

Phyteuma hemisphericum 

Rhinanthus minor 

Laserpitium halleri 



TABLE A7. Effects of two factors (FGs and stages) and their interaction (FG*stage) on Leaf 

C:N showing which level of each factor is significant within the model.  

 

 

TABLE A8. Effects of two factors (FGs and stages) and their interaction (FG*stage) on Root 

C:N showing which level of each factor is significant within the model 

 

 

TABLE A9. Effects of two factors (FGs and stages) and their interaction (FG*stage) on Stem 

C:N showing which level of each factor is significant within the model. 

 



 

TABLE A10. Effects of two factors (FGs and stages) and their interaction (FG*stage) on Leaf 

C:P showing which level of each factor is significant within the model. 

 

 

TABLE A11. Effects of two factors (FGs and stages) and their interaction (FG*stage) on Stem 

C:P showing which level of each factor is significant within the model. 

 

 

TABLE A12. Effects of two factors (FGs and stages) and their interaction (FG*stage) on Root 

C:P showing which level of each factor is significant within the model. 

 



 

 

 

FIG A2. Effect of Net N mineralization in soil on N content in plant compartments (leaf, stem 

and root). No significant patterns are observed in the distribution of plant N content in 

relation to changes in soil N mineralization. Yellow triangle=Grass; Green dot=legume; Red 

square= forb. 

 

 

 

 

 

 



 

 

 

FIG A3. Effect of available P in soil on P content in plant compartments (leaf, stem and root). 

(Appendix Table A6). Yellow triangle=Grass; Green dot=legume; Red square= forb. 

 

LITERATURE CITED 

Caccianiga M, Andreis C. 2004. Pioneer herbaceous vegetation on glacier forelands in the 

Italian Alps. Phytocoenologia 34:55–88. 

Clark ML and Rendell HM. 2006. Effects of storminess, sand supply and the North Atlantic 

Oscillation on sand invasion and coastal dune accretion in western Portugal. Holocene 

16:341–355. 

Dias J, Boski T, Rodrigues A, Magalhães F. 2000. Coast line evolution in Portugal since the 

last Glacial Maximum until present – a synthesis. Marine Geology 170:177–186. 



Körner C. 2003. Alpine Plant Life - Functional Plant Ecology of High Mountain Ecosystem. 

Springer, Heidelberg. 344 Pages 

Monterin U. 1919. Introduzione allo studio dei ghiacciaio italiano del M. Rosa. Boll. Com. 

Glac. It., n. 3 

Moura D, Veiga-Pires C, Albardeiro L, Boski T, Rodrigues AL, Tareco. 2006. Holocene sea 

level fluctuations and coastal evolution in the central Algarve (Southern Portugal). Marine 

Geology 237:127–142.  

Sacco F. 1938. Il glacialismo piemontese. L'Universo 19:217–352. 

Smiraglia C. 1992. Guida ai ghiacciai e alla glaciologia. Forme, fluttuazioni, ambienti. 

Zanichelli Editore, Bologna. 

Wilson P. 1987. Soil formation on coastal beach and dune sands at Magilligan Point Nature 

Reserve, Co. Londonderry. Irish Geography 20:43–50. 

Wilson P, McGourty J, Bateman MD. 2004. Mid-to late-Holocene coastal dune event 

stratigraphy for the north coast of Northern Ireland. Holocene 14:406–416. 

 


