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Abstract 

The vegetation evolution is analysed on the forefield of two glaciers in Svalbard for a period 

of 31 years (1975-2006). In 1975, 85 stations were positioned along transects going from the 

coast line to the glacier fronts; botanical releves were made at each point. The adopted 

protocol allowed us to carry out a new observation session in 2006 under the same 

conditions. The collected information is encoded in the proper way to enable a comparison 

between the two series. Thus, it is possible to make a botanical assessment of species and taxa 

which have appeared or disappeared, and to see how the releves have evolved in reference to 

a typology established by coupling correspondence analysis and ascending hierarchical 

classification. The evolution of the releves is also measured by using vectors positioned in the 

multidimensional space of correspondence analysis. In this way, the transfers between 7 

vegetation types during the period are displayed.  These results are shown by the graphs 

obtained and the changes observed in cartography. On this basis, the evolution of the 

colonization process is calibrated and dated according to different reference stages, mainly 

since the end of the Little Ice Age. Moreover, some converging features tend to demonstrate 

that a drying process related to permafrost melting is affecting soils in this area. 

 

Introduction 

Global warming, which began at the end of the 19th Century, has been confirmed by many 

studies. Some of them have attempted to quantify the effect of global climate change. For 

instance, an increase of 0,6°C ±0,2°C in temperature is given by the IPPC (2001). This 

phenomenon is strongly marked at high latitude where, since the beginning of the 20th 

Century, warming of 2-3°C is estimated on the margin of the Arctic Basin (ACIA, 2005). 

Climate change has a direct effect on landscape, particularly in the High Arctic where the 

glaciers are retreating rapidly. Since the end of the Little Ice Age, attributed to around 1880 
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on Svalbard by Lefauconnier (1990), the glaciers have abandoned wide areas, now open for 

plant colonization. Mature vegetation is also modified but the specific impact of the increase 

in temperature is more difficult to establish. Thus, it appears that the different landscape 

components are reacting to climate change. This question has more often been taken into 

account by investigations in areas where dating elements are available. Such is the case for 

plant colonization on moraines where different series of aerial photographs are used to 

recognize different stages of ice retreating and to date the different phases of the process. This 

field of research has been widely investigated (i) in mountains (Palmer and Miller, 1961; 

Moiroud, 1976; Wardle, 1980; Sommerville et al., 1982; Messer, 1988; Vetaas, 1994, 1997; 

Mizuno, 1998; Ohtonen et al., 1999; Gough et al., 2000; Kaufmann et al., 2002; Raffl et al., 

2006), (ii) in the Arctic (Cooper, 1923; Stork, 1963; Worsley and Ward, 1974; Elven, 1978; 

Birks, 1980; Matthews and Whittaker, 1987, Whittaker, 1993; Helm and Allen, 1995; 

Stöcklin and Bäumler, 1996; Jumpponen et al., 1999; Chapin III et al., 1994; Jones and 

Henry, 2003) (iii) and more precisely on Svalbard with which this paper is concerned (Kuc, 

1964 ; Minami et al., 1997 ; Natkatsubo et al., 1998 ; Kume et al., 2003 ; Hodkinson et al., 

2003 ; Moreau, 2005). The impact of global change may be related to particular contexts such 

as volcanoes (Surtsey Island close to Iceland, Fridriksson, 1987), rock glaciers (Cannone & 

Gerbol, 2003), patterned grounds (Heilbronn & Walton, 1984), or debris flows (André, 1995). 

However, direct monitoring of evolution features is less common. Klanderud and Birks 

(2003) have compared vegetation releves made in 1930-1931 and then in 1998 in the 

Jotunheiment Mountains (Norway). Our present approach is similar and is based on two field 

sessions in 1975 and 2006. The study area corresponds to a complex strandflat which includes 

morainic belts and outwash plains in front of two glaciers as well as raised marine landforms. 

In 1975, T. Brossard (1977) positioned 85 stations there along transects crossing the main 

landscape units. Wooden sticks were used to mark these stations from which pictures were 

taken and vegetation releves were systematically carried out. The good preservation of these 

markers made it possible to find with precision most of the stations in 2006 in order to carry 

out a new observation and picture session based on the same protocol. Moreover, the stations 

were accurately positioned with the assistance of a differential GPS set. Thus, we have 

collected two homogeneous series of releves which are separated by a rather long period (31 

years). To our knowledge, such materials are unique on Svalbard. A quantitative approach 

coupling correspondence analysis and ascending hierarchical classification was done first to 

make a global botanical assessment and to emphasize the changes which occurred according 

to the different habitat conditions.  On this basis, the behaviour of pioneer and mature 
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vegetation groups can be analysed and related to a general evolutionary trend. This 

experiment also provides an opportunity to make some observations about the impact of 

reindeer (Rangifer tarantus ssp. Platyrhychus) which was reintroduced in this area in 1978 

within the framework of the Man and Biosphere (MAB) programme (Elvebakk, 1977). 

Finally, a cartographic projection of the results has been made to interpret the transfer of 

many releves from one vegetation type to another, thanks to their spatial context. A graphic 

model summarizing our conclusions on the plant colonization process is included. 

 

Study area 

 
Figure 1. Svalbard Archipelago location (A) and study 

area on  the Brøgger Peninsula (B) 
 

Spitsbergen, the main island of the Svalbard archipelago, is located on the border of the 

Arctic Basin between N 76° and 80° (fig. 1A). 60% of it is covered by ice. The western coast 
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is characterized by the combination of fjords and mountainous peninsulas such as the so-

called Brøgger where the present study was carried out, 6 kilometres east of Ny-Ålesund in 

the vicinity of the J. Corbel French base (fig. 1B). This area is located between the 

Kongsfjord and the two fronts of the Midre and Austre Lovén glaciers. The glaciers reached 

their maximum advance more than a century ago, at the height of the Little Ice Age. 

 
Images sources : Norsk Polarinstitutt 

Figure 2.  Study area and positioning of the transects; the image background is a mosaic of 
two aerial photographs from 1966 and 19901

 

At that time, the ice tongues largely extended over the piedmont. During their retreating 

movement which is still continuing, the glaciers left several morainic belts which are major 

elements of the landscape physiognomy (Lefauconnier 1990). In front of the moraines, a 

double limestone outcrop creates anchoring lines for several raised glacio-marine terraces 

(Forman, 1990; fig. 2) which are related to the post Weichselian isostatic uplift. A mature 

tundra which belongs to the Northern Arctic Tundra Type such as it is defined by A. 

                                                 
1 The photographs were provided by the Norsk Polarinstitutt; they were digitized with a 2m resolution. The main 
part of the area was covered by an infrared photograph from 1990 (S 90 5788). We have used a section dating 
from 1966 (n°66 4455) to complete the coverage of the area. The two images were simply assembled after 
geometric correction since here they are only used to reproduce the releves in their geographic context.  
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Elvebakk (1977) covers these different levels. The oldest of them dates to around 9000 BP 

(Corbel 1966). Streams of water below, running from the upper glacial basins, have built an 

outwash plain made of detritic cones (sandur). During the ice retreat, the water flow was 

concentrated in only a few major courses which are very dynamic and unstable, whereas the 

secondary channels and cones were abandoned and then colonized by vegetation (Mercier, 

1999).  

 

Materials 

The observation protocol was begun in 1975 and it is based on field sampling along transects 

going from the coast to the glacier fronts (fig. 2) and crossing the different landscape units, 

marine terraces, active and inactive cones, moraines. 85 observation stations were set up at 

intervals of roughly 200 meters. A 4m2 area was delimited at each point, thereby providing a 

reference frame for the observation sessions in 1975 and 2006. Moreover, other studies have 

shown that, as a rule, this 4 m² surface is large enough to cover the minimum area of plant 

communities, with the exception of the very pioneer contexts for which the minimum area is 

greater (Moreau 2005). 

A 1 m² mobile grid, subdivided into 10X10 cm squares, was used to count the observed 

species and a photo of each releve was taken (fig. 3). Therefore, it was possible to locate the 

exact position of each station with a minimum of errors. During the 2006 session, 76 out of 85 

releves were relocated. The lost ones were located on active sandurs and were washed away 

during that period. Concerning the observation itself, our main concern was to avoid any 

artefact which could distort the information gathered between the two dates. Therefore, even 

if we noticed the abundance of species, this criteria was not taken into account in the analysis. 

Only presence-absence was considered because the estimation of abundance value, which is 

empirically calibrated, risked being unstable after a 31 year interval. Hence, the releves took 

into account the complete species list such as it was established on this sector by Brossard et 

al. (1981). In some cases (Draba sp. and Poa sp.), the genus alone was distinguished because 

the phenological state of the individuals made a more precise determination doubtful. The 

same applies to certain cryptogams: distinguishing Cetraria delisei and C. islandica is 

problematic when the thallus are very small. In addition to the vegetation cover, we have 

noticed the presence of  biotic crust. This takes the form of a black or grey pellicle which is a 

combination of cyanobacteria, cyanophytes, cyanophylous lichens (Ochrochleria frigida, 

Lecanora epibryon, Leciophysma finnmarkicum) and some small liverworts belonging to the 

Cephalozia and Cephaloziella genus (L. Nilsen et al., 1999). By regrouping certain taxa in 
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this manner, we loose some information, but that makes it possible to ensure complete 

comparability between the observations, both in space (from one releve to another) and in 

time (from one date to another). This constraint related to comparability takes priority within 

the framework of this study which aims to provide a spatial assessment of the vegetation 

evolution. Table 1 gives the list of vegetation characters which were processed for a 

comparative analysis between 1975 and 2006. 

 

 

 
Figure 3. Station and observation grids  in 1975 (above) and 2006 (below) 
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3. Methods 
The data collected resulted in two tables of data in which the lines correspond to the 

georeferenced releve points and the columns to the vegetation items observed and retained. 

Several steps are used to analyse this information. First, an assessment of the characteristics 

(species or others) which appeared and disappeared is done by sorting, which already gives 

indications about the global tendencies of the evolution on the study area. A quantitative 

analysis of the data is then made. By coupling correspondence analysis and ascending 

hierarchical classification, all of the elements (vegetation items, releves taken in 1975 and 

2006) are positioned in the factorial space. This is used primarily as a system of reference in 

order to define the trajectories taken by the releves, and then to see how these movements are 

expressed by the transfers between the various vegetation types obtained by the classification. 

The positioning of the points makes it possible to project the results obtained on the map in 

such a way as to show if the movements observed in the factorial space correspond spatial 

logics of evolution in function of the different environment contexts. Before analysing the 

results, it is necessary to clarify some practical aspects regarding the implementation of the 

methodological development.  

Arenaria pseudofrigida Minuartia rubella Silene acaulis 
Braya purpurascens Oxyria digina Silene uralensis 
Carex misandra Pedicularis hirsuta Absence of Bryum sp. 
Carex nardina Pedicularis dasyantha Bryum sp. 
Carex rupestris Poa sp. Drepanocladus sp. 
Cerastium arcticum Polygonum viviparum Polytrichum alpinum 
Cerastium regelii Sagina nivalis Cetraria sp. 
Cochlearia officinalis Absence of Salix polaris Cetraria nivalis 
Deschampsia sp. Salix polaris Cladonia sp. 
Draba sp. Saxifraga cernua Absence of biotic crust 
Dryas octopetala Saxifraga  caespitosa Biotic crust 

Equisetum sp. Absence of Saxifraga 
oppositifolia  

Absence of Stereocaulon 
alpinum 

Juncus biglumis Saxifraga oppositifolia Stereocaulon alpinum 
Luzula sp. Saxifraga tenuis  

Table 1. List of the processed Boolean items 

 

 All of the collected data was assembled in a binary table coded as present (1) or absent (0). 

When the species were present in more than 50% of the releves, we added a  column in which 
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their absence is coded (1) and their presence (0). Effectively, in this case, the absence of a 

species occuring mostly everywhere, has a discriminating role which is interesting to show. 

Thus, the absence of Salix polaris, Saxifraga oppositifolia, Stereocaulon alpinum, as well as 

mosses, was taken into account. On the contrary, some species were excluded from 

processing when they had been inventoried only once or twice, as was the case with Saxifraga 

aizoïdes, Cassiope tetragona, Papaver dahlianum, Saxifraga nivalis. 

The method used is based on Correspondence Analysis which makes it possible to process 

tables of binary data and to define the resulting space structured by the axes. Another 

interesting aspect of this method is that the space of the variables (here the vegetation species) 

and the space of the individuals (here the releve points) are merged into the same one. The 

relative positioning of individuals and variables are, therefore, helpful in giving a thematic 

meaning to the different factorial axes since it is easier to make a connection between the 

logical structure stemming from the analysis (relative position of the species in the factorial 

space) and the geographical structure of the space (relative position of the releves on the 

map). When the Correspondence Analysis was done, it appeared that 3 axes were sufficient to 

explain more than 48% of the inertia; this is a large percentage since binary coding, which 

generates a large number of empty cells in the data matrix, leads to a drop in the levels of 

inertia. It must be noted here that the factorial space was calculated first of all by taking into 

consideration only the data from 1975. The releves from 2006 were then projected into this 

space by means of the so-called technique of supplementary elements which is allowed by 

Correspondence Analysis. Each releve has a different position in 1975 and 2006 in function 

of its evolution (appearance or disappearance of species) which can be expressed graphically 

by a vector. This application made it possible to show evolutionary tendencies and to identify 

explicative factors related to the nature of the milieus. We coupled factor analysis with a 

method of Ascending Hierarchical Classification (AHC by using Ward’s metric); 7 classes 

have been defined. In the final step, a cartographic representation of the results was made 

which consists in projecting the typology from the two dates onto a background made up of 

vertical aerial photographs. Each type is identified by a distinct colour. Therefore, it is 

possible to see which releves have changed their type belonging and where they are located. 

The results furnished by the map are then interpreted to show the evolution trends (or 

stabilities) observed. 
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4. Results 
4.1. Global assessment 

The frequency of the taxa (species or type) from all of the releves at the two dates is shown in 

figure 4. No new species has appeared, while Pedicularis dasyantha has disappeared. On the 

basis of this assessment, three groups of taxa can be distinguished according to whether they 

have regressed, progressed or stagnated. The following tendencies are shown by the analysis 

of the graph. 

 
Figure 4. Global assessment 

 

4.1.1. Vegetation Maturation. A reduction in the frequency of certain vascular species 

recognized as pioneers is noted. Such is the case for Braya purpurascens, which is reduced 

from 28 to 5 %, for Cerastium arcticum and for Saxifraga cespitosa. On the contrary, the 

species which are ubiquitous or characteristic of mature vegetation groups persist (Dryas 

octopetala, Carex nardina, Carex rupestris) or have increased in number (Salix polaris and 

Polygonum viviparum). The progression of bryophytes such as Drepanocladus sp. and 

Polytrichum sp., which increase from 30 % to 40 % and from 18 % to 25 % respectively, is 

based on the same observation since these species are associated with mature tundra 

formations. An increase in the frequency of lichens of the genus Cetraria sp., from  30 to 

40 %, and of Stereocaulum alpinum, from 60 to 80 %, is also noted.  

Concerning Cetraria sp., it is interesting to note that if it occupies a larger number of releves 

in relation to the maturation of certain sites since the end of the Little Ice Age, in this case 
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they are very small thalli which have just appeared. At the same time, the cover rate by these 

lichens has drastically fallen on the mature toundra due to overgrazing by reindeer which have 

recently been reintroduced. Cetraria sp. increases in dispersion but decreases in biomass. 

Effectively, in spite of the uncertainties which hang over the qualitative evaluation of cover 

such as it had been done in 1975, the losses that are observed in the stable tundra milieus are 

too important and general to be simply a question of an unequal calibration of the observation 

between the two dates. However, apart from the effect observed on Cetraria sp., the impact of 

the reindeer on vegetation is not shown through our investigation. In fact, the species which 

are particularly known for being grazed, such as Dryas octopetala, Silene acaulis (Wada, 

1999), Saxifraga oppositifolia, Salix polaris, (Rønning, 1996), do not appear to have been 

affected, at least in terms of frequency. 

The development of the frequency and the cover of Stereocaulon alpinum in stablized 

moraine and sandur milieus is very important here; it is an indicator of an evolution from 

pioneer stages to mature stages with a ratio of mineral/vegetation cover which tends to be 

balanced.  

4.1.2. The drying of the milieus. A decrease in species characteristic of wet milieus 

(Rønning, 1996) such as Cerastium regelii (from 15 % to 4 %), Juncus biglumis (from 22 to 

12 %), Cochlearia officinalis, Deschampsia alpina was observed between the two dates. 

Luzula sp. and Silene uralensis also show losses even if they are found in less saturated 

milieus than the former. Conversely, the vascular species particular to dry contexts, such as 

Polygonum viviparum and Minuartia rubella (Rønning, 1996; Aiken et al., 1999) have 

increased in number. The observation can be interpreted as an indirect effect of climate 

change which, by lowering the limit of permafrost melting in summer, aids draining of the 

soils. Effectively, they are well drained overall, since silt and clay make up only a small 

fraction of the total granulometry almost everywhere. They then have a tendency to dry out 

earlier in the beginning of the growing season, thereby constituting a constraint for most of 

the species. The fact that a relatively important part of the observed taxa is decreasing can be 

interpreted as a consequence of this global drying phenomenon.  

 

4.2. Assessment made from the multivariate analysis (CA and AHC) 

The joint analysis of the two series of releves based on correspondence analysis (fig. 5) shows 

the environmental factors which influence the distribution patterns of the vegetation types. 

The flow of water, the age of the milieus and the edaphic conditions play major roles in the 

distribution of vegetation facies in the Brøgger peninsula. 
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4.2.1. From pioneer vegetation to mature vegetation: 
an order relationship shown by correspondence analysis 
 

 
Figure 5. Plan of axes 1 and 2 of the Correspondence Analysis: projection of 

characters and envelopes of types stemming from the classification 
 

The results of the Correspondence Analysis and the classification are combined in figure 5; on 

the plan of axes 1 and 2, the distribution of characters (i.e. the names of species) and the 

vegetation groups (ellipsoids which include releves of the same class) are shown. The set is 

arranged as a parabola; this characteristic form is a sign that the data obeys an order 

relationship which is sometimes referred to as a “Gutman effect” (Escoffier, 1979). Such a 

structure indicates that the interpretations of axes 1 and 2 can not be distinguished and result 

from the same logical significance. In our case, this structure can be interpreted as a gradient 

of evolution which goes from initial mineral stages to mature stages in passing by the pioneer 

and intermediary stages which punctuate the colonization process. Axis 3, which is not 

represented on the graph, defines a secondary wet-dry gradient. It distinguishes  the  species 

from wet milieus such as Equisetum sp., Deschampsia sp., Juncus biglumis, or again 
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Cochlearia officinalis, from the species from dry milieus such as Cetraria nivalis, Carex 

nardina and C. rupestris or again Pedicularis dasyantha.  

 

4.2.2. Spatial and temporal interpretation of the typology associated with the order 

relationship 

 

 
Images sources : Norsk Polarinstitutt 

Figure 6. Stages of the Lovén glacier retreat since the end of the Little Ice Age 

 

The distribution of the vegetation types which classify the releves follows, in a conform 

manner, the parabola defining the order relationship, but their links with the plant species are 

not as direct as the reading of the graph allows one to suppose. In fact, certain taxa are poorly 

dispersed and strongly characterize a given type. For example, Cetraria nivalis, Carex 

nardina and C. rupestris, Pedicularis dasyantha are observed exclusively or almost 

exclusively in the releves belonging to class 7 (dry mature); it is the same for Saxifraga 

tenuis, Deschampsia sp. and Equisetum sp. which characterize type 6 (mature). Other taxa, 

such as Dryas octopetala, Luzula sp. and Poa sp., are slightly more dispersed over the types 

but they remain, however, within a limited sector of the factorial space. On the other hand, 

certain ubiquitous taxa, situated in the middle of the graph, are dispersed over a large number 

of classes and are thus not very discriminating. Bryum sp., Saxifraga oppositifolia, biotic crust 

and, to a lesser extent, Stereocaulon alpinum fall into this case. By thus analysing the crossed 
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relations between taxa and types of releves, it is possible to specify the content and the 

significance of different vegetation types recognized by classification. In so far as the order 

relationship, enlightened by correspondence analysis, is defined as a temporal gradient, we 

have used here the term stage to define the vegetation types. Moreover, since we also have 

certain reference points taken from old aerial photographs (fig. 6) or from radiocarbon dating 

(Corbel, 1966), it is possible to put the different stages into a certain age bracket (Moreau, 

2005). 

Type 1. Initial mineral stage   

This refers to the initial stage of colonization in which the releves, marked exclusively by 

characters of absence are without any vegetation, and are related to recently defrosted fringes 

or active transit areas subject to fluvioglacial dynamics. Less often, this refers to stable 

sectors, but their evolution has been blocked because of particular limiting factors, such as a 

coarse granulometry associated with a late snowmelt in some morainic depressions for 

example. Based on our releves, the response time for seeing the arrival of the first species is 

from 5 to 10 years.  

Type 2. First pioneer stage (10-30 years)    

The physiognomy of the landscape remains very mineral and characters of absence are still 

dominant in the releves, but several species or pioneer taxa are observed and initiate the 

colonization process, such as mosses (Bryum sp.) and the biotic crust, Braya purpurascens, 

Sagina nivalis, Saxifraga oppositifolia. Cochlearia officinalis and Juncus biglumis can appear 

when edaphic conditions combine fine granulometry and humidity. We must emphasize here 

that none of the elements observed at this stage are exclusive; all of them are found again in 

the following stage.  

Type 3. Second pioneer stage (30-100 years)  

Eleven new species were counted, among them Saxifraga cespitosa, Draba sp., Cerastium 

arcticum, Cerastium regelii, Poa species, Minuartia rubella, Oxyria digyna, Salix polaris.  

This group, which is marked by a great variability from one releve to another, occupies the 

bulk of the new spaces liberated since the end of the Little Ice Age: morainic belts and levels 

of sandur undergoing stabilization. The cover rates, inferior to 10%, remain modest. 

Type 4. First intermediary stage (100-150 years)  

This stage is marked by a relative stabilization of the plant number, however the appearance 

of Stereocaulon alpinum is observed.  Braya purpurascens is still present but becomes more 

rare and thereby shows its pioneer specificity. Silene uralensis is also observed. This phase of 

stabilization is expressed by a cover rate of 20-30% and, in a large majority of releves, by the 
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presence of the following taxa: in addition to the mosses and the biotic crust, Saxifraga 

oppositifolia, Cerastium arcticum, Draba sp., Sagina nivalis, Salix polaris were still noted. 

Stereocaulon alpinum, which appears at this stage, is immediately very frequent. This group 

particularly occupies the spaces which were established around the maximum of the Little Ice 

Age, that is, terminal morainic ridges, proglacial outwash cones which have stopped 

functioning. Secondly, Cochlearia officinalis, Poa species, Juncus biglumis, Cerastium 

regelii complete the releves when the context is wetter in intra-morainic depressions or in 

sedimentation areas on sandurs.   

Type 5. Second intermediary stage   

This stage characterizes the long transition which leads to mature tundra vegetation 

formations where certain distinctive species appear such as Pedicularis hirsuta, Polygonum 

viviparum, Cetraria sp., Polytricum alpinum, Luzula sp., Drepanocladus sp. The great 

abundance of Stereocaulon alpinum is also characteristic. The cover rate, which reaches 50%, 

gives the landscape its dominant physiognomy. The time bracket in which the evolution of 

these milieus appeared is unknown because precise temporal indicators are lacking. These 

sectors are anterior to the Little Ice Age. They are also posterior to the raised glacio-marine 

terraces, three samples of which were tested with radiocarbon dating and give inclusive dates 

between 9 260 and 9 650 BP (Corbel, 1966). These local measurements agree with the results 

of other works done in this area of Spitsbergen (Salvigsen, 1977, Forman & Miller, 1984) 

Type 6. Mature stage (mesic and wet)   

Types 6 and 7 are the mark of the glacio-marine terraces mentioned above; it can refer to 

raised marine forms or to old sandur stabilized for a long time, knowing that we do not have 

indicators to specify the time limit between the intermediate and the mature stage. Type 6 

includes the typical species of the mature tundra already seen in type 5, but they tend to be 

found in all of the releves which are marked by a larger floristic richness. Moreover, the 

fruticose lichens, Cetraria delisei and islandica, which, in 1975, gave this tundra its 

characteristic physiognomy because of their abundance and the size of their thalli, were 

destroyed by the recent reintroduction of reindeer. Polygons of a decametric size could be 

developed in this context. Effectively, this vegetation group has a preference for 

sedimentation levels in which the material is well classified (sands and granules) and has 

allowed a certain edaphic evolution (brown soils). A wet subtype, which the classification did 

not discriminate, is marked by the presence of Equisetum sp., Juncus biglumis, Deschampsia 

alpina. When the soil is oversaturated by water and its granulometry becomes heterogeneous, 

metric-sized stone rings appear.  
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Type 7. Mature dry stage 

Type 7 is distinguished from the previous one by its environmental conditions rather than by a 

criterion of age. On the marine terraces, the limestone bedrock outcrops from place to place 

and is submitted to frost action producing a gelifraction layer where patterned grounds are 

developed like stripes and small stone rings. The cover rate of vegetation drops and the 

number of species is reduced: Dryas octopetala, Carex misandra, C. nardina, C rupestris, 

Pedicularis dasyantha and Cetraria nivalis are characteristic of this group. Moreover, this one 

is completed by two subtypes which correspond to the micro-habitats that our sampling 

procedure did not include. On the one hand, this refers to sites orientated southwest and 

sheltered from the wind, and characterized by Cassiope tetragona, Lycopodium selago, 

Thomentypnum nitens, Ptilidium ciliare and, on the other hand, dominant sites which are 

situated along the limestone bars which certain predatory birds use as a look-out post. These 

sites are distinguished by Xanthoria elegans, Hypnum revolutum, Rhacomitrium lanuginosum, 

Alectoria ochroleuca. 

 

4.2.3. Vegetation evolution of the groups between 1977 and 2006 

 

 
 

Figure 7. Assessment according to types between 1975 and 2006  

 

Figure 7 shows how the relative percentage of each of the 7 vegetation types evolved over the 

31 year period. The initial mineral stage (type 1) has slightly and paradoxically increased in 

number because, as we will see, if certain releves left this type by integrating new species, 
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others have regressed and have returned to this initial stage as a result of water stream erosion 

which has destroyed the vegetation. On the other hand, pioneer types 2 and 3 have logically 

lost releves in favour of intermediary types 4 and 5 which have increased. As for the mature 

types 6 and 7, they remain quasi stable even if the slightly more higher number of the dry 

mature types tends to confirm the drying effect that we had observed in making the 

assessment by species. 

 

Movements between the types 

 

 
 

Figure 8. Movements of releves between the types 

 

Between 1977 and 2006, 56% of the releves remained unchanged according to our coding 

system, and they essentially concern the mature stages. By projecting the releves of 2006 in 

the factorial space, it is possible to express the observed evolutions by the vectors, knowing 

that the original position of these vectors is marked by a black circle on the graph (fig. 8). We 

have only posted the interclass movements to avoid saturating the graph, the intra-class 

movements are shown in figure 9. There were 31 movements between the classes, that is, 

almost half of the total number; most of them are made between neighbouring types and are 

part of a general tendency towards maturation. The losses are logically greater within the 

pioneer stages while the opposite is true for the more mature stages, but with time, the 

movements are less numerous as is the case with the last stages related to types 6 and 7. 

However, the transit is very intense in the median section of the graph with a particularly 

strong transit between types 3 (second pioneer stage) and 4 (first intermediary stage). In this 
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overall dynamic which confirms the significance given to the order relationship, some 

particular facts deserve attention. Certain releves which were in the mineral stage in 1975 

reached the second pioneer stage in 2006, which conforms to the time scale established earlier 

to calibrate the process of vegetation colonization. Certain major regressive phenomena are 

marked by a return from the mature stages to the mineral stages; here we find the effect of 

destruction carried out by the proglacial waters when they arrive to sap the older levels of the 

tundra. In fact, while the glacial front recedes, the successive morainic ridges are damming 

the different water streams which are deviated and flow into a few main courses. Therefore, 

the cones which carry out all of the water transit at the exit of the moraines, are then 

undersized and tend to spread to the edge at the expense of older and stable levels; the releves 

which have strongly regressed come under this scenario. Two other more sustained regressive 

movements were observed between types 6 and 5; they are due to depletion in species of 

corresponding releves; which, in all likelihood, is another manifestation of the drying 

phenomenon because the disappeared species are associated with wet environments.   

 

Internal movements within the types 

 

 
Figure 9. Internal movements within the types 

 

These movements are concentrated on the right-hand section of the graph where they affect 

all of the types from 3 to 7, showing that readjustments exist in all of the contexts. Here again, 

the direction of the vectors remains conform to the order relationship; the regressive 

movements are rare and the analysis of the corresponding releves shows that they are linked 

to the erratic disappearance of a species with the impossibility here of offering an explanation. 
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4.3. Mapping the evolutions 

 

 
Figure 10. Mapping the typological transfers between 1975 (squares on the left) and 2006 

(squares on the right) 
 

A spatial visualization (fig. 10) is elaborated by placing the mosaic of aerial photographs in 

the background: two symbols have been added for each plotting point, the ones on the left 

apply to 1975 and the ones on the right to 2006. The colours refer to the 7 types obtained from 

the classification. In addition to the evolutions observed, a logical distribution of types has 

appeared. In 1975, the mineral stages are found in front of the glacier front or on active 

sandurs which are washed by the waters each year. To a large extent, the pioneer stages 

occupy the core of the morainic amphitheatres and the sandurs undergoing stabilization. The 

intermediary stages, which are less frequent, are concentrated on the terminal morainic arcs or 

the already stabilized sandurs. Type 6 occupies the older sections of the sandurs and the 

accumulation marine terraces while type 7 releves are strung along the linear limestone 

outcrop, easily seen on the photograph, which marks the area from the NE to the SE. The 

important stability of the releves belonging to types 6 and 7 becomes apparent when this 

 18



distribution is compared to that of 2006. The analysis of the local contexts concerned by the 

regressions of type 6 to type 5, seems to agree with the drying phenomenon. Another element 

of stability is observed by the preservation of a good amount of releves in the mineral stage. 

The main point of this observation is explained by the proglacial dynamic which prevents the 

colonization process from getting underway. The variation in the level of water in the lagoon 

in the northwest constitutes another explanatory factor for this zone. As for the rest, it appears 

that the principal part of the evolutions is concentrated in the moraines, notably with an 

important transfer from type 3 to type 4. Evolutions of the same type are also observed on the 

external sandurs but they concern much more localized phenomena when certain abandoned 

channels are no longer functional. Opposite cases of regression are also observed in this type 

of context since it happens that some channels which have dried up and are undergoing 

colonization, can be flooded when there is a rise in the water level or during a spring thaw. It 

should be noted that the advanced phases of evolution from type 4 to type 5 and beyond are 

admittedly observed but with less frequency. One can postulate that when the process of 

vegetation colonization reaches these phases of development, it falls within another time scale 

that our 31 year observation period is insufficient to take into account.  

 

Conclusion 
By using multivariate analysis, we were able to organize the information collected during our 

two observation campaigns in 1975 and 2006 in a homogeneous way. The stages of the 

vegetation evolution and their temporal calibration could be specified in function of the 

milieus and their characteristics. The graph in figure 11, the value of which is indicative, 

provides a visual synthesis of this result. 

 

 
Figure 11. Schema of the vegetation evolution in its different stages 
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The first three stages of the succession can be accomplished in less than 100 years, and, in 

particular, our observation window has brought to light the passing from stage 3 to stage 4, 

since the transfers have been the most intense at this level. Moreover, we could pave the way 

for the continuity of the process which leads to mature stages, but the required time scales are 

of a different size that we could not apprehend with precision.  

In spite of this limit, the protocol that we have experimented refines our knowledge of the 

vegetation dynamics in the Artic milieu, particularly since the end of the Little Ice Age. 

Effectively, direct observation completes the results obtained by a relative dating of the 

moraines by aerial photography (Minami et al., 1996, 1997; Kume et al., 2003; Hodkinson et 

al.,2003; Moreau et al., 2005).  

The method employed to process the releves of vegetation uses as criteria the presence-

absence of each species to ensure the comparability between the two dates, but this criteria, 

which neglects abundance and biomass, did not make it possible to quantify the impact of the 

reindeer after its reintroduction. Effectively, the results have shown stability in the 

composition of the releves although certain taxa such as Cetraria sp. have been strongly 

affected.  

The importance of pioneer facies in the landscape is the expression of climate change and of 

the domination of the dynamics of the receding glacier in the landscapes. Another evolution 

associated with climate change is that of the drying out of the milieus. The map makes it 

possible to clearly visualize the dynamism of proglacial spaces where there is a concentration 

of individuals which have changed classes in comparison to other milieus which have known 

less frequent changes and on a smaller scale.  
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