Appendix A: Community descriptions from cluster analysis. 

Cluster 1: Chamerion latifolium & Peltigera didactyla community type contains all of the fine-grained ELIA plots and one fine-grained NEO plot, and is therefore an early-successional community type. These are alpine communities located above 1700 m asl on well-drained, mesic moraine ridges. The soil is gravely and xeric (27% gravel, 12% moisture) with an average pH of 6.3. This community consists of a low shrub layer, an herbaceous layer and a cryptogam layer, averaging 7cm, 10cm, and 1cm, respectively. Total vegetation cover is around 9%, with high rock cover (70-90%) and is dominated by lichens and bryophytes. This community type has one very highly characteristic species (phi ≥ 0.8, p < 0.05, mean phi = 0.25 ± s.d.0.10), the erect forb Chamerion latifolium (100% frequency) which is unique to this community type across the sequence, and three highly characteristic species (phi ≥0.5, p < 0.05), the foliose lichen Peltigera didactyla (100% frequency, mean phi = 0.25 ± s.d. 0.10), the low shrub, Salix arctica (75% frequency, mean phi = 0.26 ± s.d. 0.11), and the foliose lichen Peltigera venosa (50% frequency, mean phi = 0.27± s.d. 0.12), also unique to this community type. This cluster aligns closely with the vegetation class Ceratodonto purpurei-Polytrichetea piliferi; Mohan 1978 (in Mucina et al. 2016; p. 224), within the alliance, Peltigeretalia; Klement 1949 (in Mucina et al. 2016; p. 225), or Solorinion croceae; Klement 1955 (in Mucina et al. 2016; p. 225). However, this vegetation class is described in Mucina (2016) by lichen communities only, and do not include two of the three dominant and characteristic vascular taxa in the cluster, C. latifolium and S. arctica. The most abundant species in this community type is the moss Polytrichum juniperinum, the lichen P. didactyla, and the forb C. latifolium.  P. juniperinum is non-characteristic to this community type because it is ubiquitous across all glacial deposits in this sequence. 

Cluster 2: Lecanora polytropa & Candellariella vitellina community type contains all rocky relevés in the Grizzly Glacier cirque on both the ELIA and NEO glacial deposits and is therefore an early-successional community type. These are alpine communities located above 1700 m asl on well-drained, mesic moraine ridge boulder fields. There is very little soil, which is xeric (18% gravel, 3-8% moisture) between large boulders ranging in pH from 3-7. This community consists of a single cryptogam layer averaging 1cm in height. Total vegetation cover is between 29 and 37% on average and is dominated by crustose lichens. This cluster has one very highly characteristic species (phi ≥ 0.8, p < 0.05, mean phi = 0.25 ± s.d. 0.10), the crustose lichen Lecanora polytropa (100% frequency), and two highly characteristic species (phi ≥0.5, p < 0.05), the crustose lichen Candellariella vitellina (frequency 100%, mean phi = 0.25 ± s.d. 0.10), and the foliose lichen Umbilicaria cylindrica (100% frequency, mean phi = 0.25 ± s.d. 0.10), all of which occur in 100% of plots within this cluster. This community type closely aligns with the vegetation class Rhizocarpetea geographici; Wirth 1972 (in Mucina et al. 2016; p. 224), and the alliance Umbilicarion hirsutae; Cernohorsky et Hadac in Smarda 1944 (in Mucina et al. 2016; p. 235).

Cluster 3: Salix rotundifolia & Racomitrium lanuginosum community type contains all fine grained plots from alpine glacial deposits (above 1700 m asl), older than 40 years since deglaciation (NEO and ITKII-AP), and is thus beyond the pioneer stage of primary succession (500-125,000 years since deglaciation). This community is located on well-drained, xeric glacial deposit ridges. The soil is composed mostly of sand (37%) and gravel (25%) with an average pH of 3.5, and is also xeric (8% moisture). This community consists of a low shrub layer, an herbaceous layer and a cryptogam layer, averaging 0.5cm, 6.5cm, and 1cm, respectively. Total vegetation cover is around 68%, and is dominated by forbs and cryptogams. This cluster has four highly characteristic species (phi ≥ 0.5, p < 0.05), the dwarf shrub Salix rotundifolia (67% frequency, mean phi = 0.27 ± s.d. 0.11), the fruticose lichen Dactylina ramulosa (83% frequency, mean phi = 0.25 ± s.d. 0.1), and the erect forbs Saxifraga cernua (67% frequency, mean phi = 0.26 ± s.d. 0.11), and Draba macrocarpa (50% frequency, mean phi = 0.27 ± s.d. 0.12). Two other species, the rush Luzula confusa, and the erect shrub Saxifraga razshivinii are highly characteristic, and unique to this community type, but have insignificant phi values (p >0.05, mean phi = 0.29 ± s.d. 0.10). Both of these species occur in 33% of plots in this cluster. This cluster closely aligns with the vegetation class Ceratodonto-polytrichetea; Marstaller 2006 (in Mucina et al. 2016; p. 231) within the alliance Racomitrium lanuginose. The most abundant species in this cluster are the lichens Dactylina arctica, Cladonia arbuscula, and Cetraria ericetorum, none of which are characteristic species, as they commonly occur on in other community types across the sequence.

Cluster 4: Betula nana and Masonhalea richardsonii community type contains all fine-grained foothill plots older than 10,000 years since deglaciation (ITKI and SAG). This is a foothill community type located between 900 and 950 m asl on well-drained, mesic moraine ridges. The soil is moist (69%) with an average pH of 2.1 and is mostly composed of sand (51%) and silt (21%). This community consists of a low shrub layer, an herbaceous layer and a cryptogam layer, averaging 4.5cm, 5cm, and 1cm, respectively. Total vegetation cover is highly stratified resulting in total cover greater than 100% (235%). This community type is dominated by acrocarpous bryophytes, fruticose lichens, and shrubs. There are 11 highly characteristic species (phi ≥ 0.5, p < 0.05), reflecting the acidic soils with acidophilic taxa: the low shrub Cassiope tetragona (67% frequency, mean phi = 0.27 ± s.d. 0.11), the foliose lichen Masonhalea richardsonii (100% frequency, mean phi = 0.25 ± s.d. 0.09) the low shrub Vaccinium vitis-idaea (83% frequency, mean phi = 0.26 ± s.d. 0.1), the fruticose lichen Cladonia sulphurina (100% frequency, mean phi = 0.25 ± s.d. 0.09), the dwarf shrub Betula nana (67% frequency, mean phi = 0.26 ± s.d. 0.1), the foliose lichen Peltigera canina (67% frequency, mean phi = 0.26 ± s.d. 0.1), the fruticose lichen Cladonia bellidiflora (50% frequency, mean phi = 0.27 ± s.d. 0.12), the cushion forb, Diapensia lapponica (50% frequency, mean phi = 0.27 ± s.d. 0.12), the erect forb Polygonum bistorta (50 % frequency, mean phi = 0.27 ± s.d. 0.11), the foliose lichen Sticta arctica (50% frequency, mean phi = 0.27 ± s.d. 0.12), and the grass Poa alpina (83% frequency, mean phi = 0.25 ± s.d. 0.10). This cluster most closely aligns with vegetation class Loiseleurio procumbentis-Vaccinietea; Eggler ex Schubert 1960 (in Mucina et al. 2016; p. 26). The most abundant species in this community type are the low shrubs, Arctous alpina and Vaccinium vitis-idaea, and the dwarf shrub Betula nana. However A. alpina is not a characteristic species as it also occurs in community type 7 at a similar abundance and frequency. We use this community type to define a mature fine-grained community, due to loss of species richness combined with percent cover increasing above 100%, signifying a shift towards stabilization. Additionally, the vegetation class most closely aligned with this community type is common and wide-spread across arctic and arctic-alpine environments as relatively stable arctic-boreal tundra scrub and alpine acidic dwarf heath mountain tundra (Mucina et al. 2016). 

Cluster 5: Porpidia flavocaerulescens, Cladonia squamosa community. contains all older (> 500 years since deglaciation) alpine rocky plots (ITKII-AP), and one rocky plot from the oldest foothill (SAG) moraine. This is a mostly alpine community located above 1400 m asl on well- drained, mesic glacial deposit ridge block fields. Where soil is available between large boulders, it is moist (61%) with an average pH of 4 and is mostly composed of sand (46%) and silt (38%). This community type consists of a low shrub layer, a herbaceous layer and a cryptogam layer, averaging 0.5cm, 3cm, and 2cm, respectively. Total vegetation cover is around 102%, with overlapping lichen thalli. This community is dominated by lichens of all growth forms.
This cluster has seven highly characteristic species (phi ≥ 0.5, p < 0.05), the foliose lichen Cetraria nigricans (60% frequency, mean phi = 0.27 ± s.d. 0.12), the rare crustose lichen, Schaereria endocyanea (40% frequency, mean phi = 0.29 ± s.d. 0.1), the moss Schistidium apocarpum (40% frequency, mean phi = 0.29 ± s.d. 0.10), the foliose lichen Umbilicaria torrefecta (40% frequency, mean phi = 0.29 ± s.d. 0.10), the crust lichen Porpidia flavocaerulescens (100% frequency, mean phi = 0.24 ± s.d. 0.09), the fruticose lichen, Cladonia squamosa (80% frequency, mean phi = 0.25 ± s.d. 0.1), and the moss Tortella tortuosa (60% frequency, mean phi = 0.26 ± s.d. 0.1). This cluster also most closely aligns with the vegetation class Rhizocarpetea geographici; Wirth 1972 (in Mucina et al. 2016; p. 224), and alliance Umbilicarion hirsutae; Cernohorsky et Hadac in Smarda 1944 (in Mucina et al. 2016; p. 235). However, the overall community composition contains more graminoids than cluster 2 (also closely aligning with R. geographici vegetation class) communities and has overall higher percent cover as a later-successional stage community type. The most abundant species in this cluster are Rhizocarpon geographicum, Umbilicaria hyperborea, and Rhizocarpon cinereovirens.

Cluster 6: Arctoparmelia centrifuga & Ophioparma lapponicum community type contains all foothill (800-950m asl) rocky plots, with the exception of half of the ITKII-N rocky plots, and is thus a late-successional stage, mature foothill community type. These communities are located on well- drained, mesic glacial moraine-ridge block fields. Where soil is available between large boulders, it is moist (70%) with an average pH of 3 and is mostly composed of sand (86%) and gravel (28%). This community consists of a low shrub layer, a herbaceous layer and a
cryptogam layer, averaging 2.5cm, 4cm, and 1.5cm, respectively. Total vegetation cover is around 109%, with overlapping lichen thalli. This community is dominated by lichens of all growth forms. This cluster has four highly characteristic species (phi ≥ 0.5, p < 0.05), the crustose lichen Ophioparma lapponica (100% frequency, mean phi = 0.25 ± s.d. 0.1), the foliose lichens Arctoparmelia centrifuga (100% frequency, mean phi = 0.24 ± s.d. 0.09), and Asahinea scholanderi (50% frequency, mean phi = 0.27 ± s.d.0.11) and the crustose lichen Rhizocarpon cinereovirens (75% frequency, mean phi = 0.25 ± s.d. 0.10). This cluster also aligns most closely with vegetation class Rhizocarpetea geographici; Wirth 1972 (in Mucina et al. 2016; p. 224) but the alliance is unclear. The most abundant species in this cluster are Arctoparmelia centrifuga, R. geographicum and U. hyperborea, all of which are either highly or somewhat highly characteristic of this cluster. One moderately characteristic crustose lichen species, Lecidea lactea is unique to this community type. 

Cluster 7: Mixed transitional community type is a foothill cluster located at approximately 800 m asl on a well-drained, mesic Itkillik II morainal ridge. It contains 2/5 of the rocky plots and all of the fine-grained plots of the ITKII-N foothill moraine. This is the only cluster that has a combination of both rocky and fine-grain plots. The finer subgroup within this cluster separates the rocky plots on this moraine from fine-grain plots, and thus this is likely a combination of two community types. The considerable heterogeneity within this cluster is the result of two main factors: (1) It was more difficult to find homogeneous sites with both rocky and fine-grained substrates on these moraines for plot placement, relative other glacial deposits in the sequence (2) It is likely a transitional point in the successional process between directional plant succession, towards plant community stabilization. The soil is somewhat xeric (38% moisture) with an average pH of 3, and is mostly composed of sand (36%), silt (23%) and gravel (27%). This community type consists of a low shrub layer, a herbaceous layer and a cryptogam layer, averaging 7cm, 3cm, and 1cm, respectively. Total vegetation cover is about 95%, and is dominated by forbs and lichens. Despite the inclusion of two substrate types in this cluster, there is one very highly characteristic species, the matt forb Dryas integrifolia (100% frequency, mean phi = 0.26 ± s.d. 0.10), and nine (phi ≥ 0.5, p < 0.05) highly characteristic species, the foliose lichen Hypogymnia austerodes (100% frequency, mean phi = 0.25 ± s.d. 0.1), the erect forbs Antennaria friesiana (57% frequency, mean phi = 0.27 ± s.d. 0.12), Oxytropis jordalii (57 % frequency, mean phi = 0.27 ± 0.12), and Pedicularis lanata (57 % frequency, mean phi = 0.27 ± s.d. 0.11), the moss Tomenthypnum nitens (71 % frequency, mean phi = 0.26 ± s.d. 0.10), the crustose lichen Ochrolechia upsaliensis (43 % frequency, 0.27 ± s.d. 0.12), the erect forb Bistorta vivipara (57 % frequency, mean phi = 0.27 ± s.d. 0.11) the foliose lichen Lobaria linita (57 % frequency, mean phi = 0.27 ± 0.10) and the sedge Kobresia myosuroides (43% frequency, mean phi = 0.27 ± s.d. 0.11). Nine of the highly characteristic taxa are also unique to this community type: forbs Antennaria friesiana, Oxytropis jordalii, Pedicularis lanata, Pedicularis capitata, bryophytes Tomenthypnum nitens, Rhytidium rugosum, and Ptilidium ciliare, and crustose lichens Ochrolechia upsaliensis and Lecanora epibryon, making this community type the richest in unique taxa. Four highly characteristic species have insignificant fidelity values (p > 0.05): the crustose lichen Lecanora epibryon (mean phi = 0.29 ± s.d. 0.10), the erect forb Pedicularis capitata (mean phi = 0.29 ± s.d. 0.1), the liverwort Ptilidium ciliare (mean phi = 0.29 ± s.d. 0.1), and the moss Rhytidium rugosum (mean phi = 0.29 ± s.d. 0.1), all occurring at a frequency of 29% in the cluster. This cluster most closely aligns with vegetation class Caricirupestris-Kobresietea bellardii; Ohba 1974 (in Mucina et al. 2016; p. 24), in alliance Dryadion integrifoliae; Ohba ex Daniels 1982 (in Mucina et al. 2016; p. 25). Several of these taxa are characteristic for previously described vegetation types occurring in dry and mesic nonacidic habitats along floodplains of the Sagavanirktok River in the Arctic foothills (Walker 1985; Schickhoff et al. 2002). This class normally occurs on nonacidic substrates which is odd given the low pH of the sampled soils (pH 3-4). The most abundant species in this cluster are Rhododendron lapponicum and Dryas integrifolia, R. lapponicum is not a characteristic species.

