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Dendrochronology has often been used to study past and present
glacier dynamics and fluctuations. Miage Glacier is the most important
Ttalian debris covered glacier with a tree coverage growing on its debris
layer. In this study we present the possibility to obtain information using
tree vegetation growing in the proglacial area of Miage Glacier, highlight-
ing the continuous remobilization of the debris by the glacial stream
flow. Dating scars, compression wood and rings width releases and re-
ductions we detected the presence of areas directly affected by glacial
discharge and others characterized by boulders falling from the glacier
front. The concentration of growth anomalies starting from 1984 pro-
bably indicates a more intense glacial activity influencing the forest ve-
getation. The data from this preliminary work suggest the possibility to
extract information about the glacier behaviour not only using trees
growing on the glacial tongue but also the tree vegetation colonizing the
proglacial environment.
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RIASSUNTO: GARAVAGLIA V., PELFINI M. & MOTTA E., Dinamica dei
torrenti proglaciali di un ghiacciaio nero (debris covered glacier) in Valle
d'Aosta, Italia: un’applicazione della dendroglaciologia. (IT ISSN 0391-
9838, 2010).

Gli studi dendrocronologici sono stati spesso utilizzati per ricostruire
la dinamica e le fluttuazioni glaciali attuali e del passato recente. Il Ghiac-
ciaio del Miage, il pitt importante ghiacciaio «nero» italiano (debris covered
glacier), & caratterizzato da una copertura arborea che colonizza la coper-
tura detritica superficiale in corrispondenza della fronte. In questo studio
viene esposta la possibilita di ottenere molteplici informazioni dalla vege-
tazione arborea presente anche nell’area proglaciale del Ghiacciaio del
Miage in quanto le caratteristiche degli anelli di crescita annuale eviden-
ziano la continua rimobilizzazione del detrito da parte delle acque di fu-
sione glaciale. Datando cicatrici, legno di compressione, improvvisi incre-
menti o riduzioni della larghezza degli anelli ¢ stato possibile individuare
le aree direttamente interessate dal runoff glaciale e le aree colpite dal
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crollo di blocchi e massi dalla fronte glaciale. La concentrazione di anom-
alie di crescita a partire dal 1984 indica probabilmente una piti intensa
attivita glaciale che ha influenzato I'accrescimento della vegetazione ar-
borea. I risultati preliminari di questo studio suggeriscono la possibilita
di ricavare dati sulla dinamica glaciale attraverso indagini dendrocrono-
logiche condotte non solo sugli alberi epiglaciali ma anche sulla vege-
tazione che colonizza 'area proglaciale.

TERMINI CHIAVE: Ghiacciaio nero, Area proglaciale, Dendroglacio-
logia, Larix decidua Mill., Valle d’Aosta.

INTRODUCTION

Glacier shrinkage and transformation from debris-free
to debris covered glaciers are nowadays typical character-
istics of glacial tongues (Haeberli & aliz, 2002; Frank &
aliz, 2007). Debris coverage has a great influence on glacier
dynamics, limiting ablation rate and frontal movements
(Benn & Evans, 1998; Mihalcea & a/zz, 2006).

Where debris coverage is not a continuous layer, for
example because of crevasses and ice cliffs at the glacier
boundary, ablation increases and the loss of ice mass takes
place (Benn & Evans, 1998). The hydrology on a debris-
covered glacier is complex: fluctuations in water flows, in
supraglacial and marginal lakes are reflected in a change-
able glacier stream discharge.

Furthermore, debris coverage represents the base for
supraglacial life (e.g. arthropods (Gobbi, 2007), yeasts
(Turchetti & aliz, 2007)) and vegetation like grass, shrubs
and, in some places, trees (Fickert & aliz, 2007; Pelfini &
alii, 2007). Tree coverage represents a meaningful and pre-
cious source of proxy data (e.g. glaciological and climatic
data) as demonstrated by recent dendroglaciological stud-
ies (Larocque & Smith, 2005; Pelfini & a/zz, 2005; 2007;
Pelfini, 2008). In fact tree rings record in their characteris-
tics (ring width, density, morphology etc.) both climate
and environmental variations.

15



Trees located in proglacial areas can be affected both
by glacial activity (glacier pushing, supraglacial debris and
block falls) and by glacial runoff fluctuations, recording
data about glacial and paraglacial systems (sexzsu Ballan-
tyne, 2002) evolution.

Several authors applied dendrochronological methods
to reconstruct past glacial fluctuations (inter alia Luck-
man, 1993; Holzauser & Zumbuhl, 1999; Pelfini, 1999;
Kononov & aliz, 2005; Jackson & aliz, 2008; Koch, 2009).
Dendrochronology and wood anatomy are helpful tools to
study forest recolonization on glaciers forefields (Schwein-
gruber, 1988; McCarthy & Luckman, 1993).

Recent works also showed the importance of supragla-
cial trees in order to investigate the influence of kinematic
waves on debris covered glaciers (Pelfini & a/zz, 2007). Few
are the studies concerning the effects of the glacial dis-
charge on tree vegetation growing in proglacial areas and
the relation between tree growth disturbances and glacial
activities. The most significant researches on deglaciated
areas are mainly related to the ecesis time (McCarthy &
Luckman, 1993; Strumia & Schweingruber, 1996) and the
recolonization of deglaciated areas (Winchester & Harri-
son, 1999; Moreau & aliz, 2007; Pierson, 2007).

The following study presents the results of a recent re-
search carried out on the sandur area of Miage Glacier
(Mount Blanc Massif, Western Italian Alps), the most
significant Italian debris covered glacier. The aim of this
work is to demonstrate how trees growing close to the
glacier terminus and to the glacial stream can contribute to
the reconstruction of glacier stream fluctuations and dy-
namic, providing useful information to better understand
the behaviour of debris covered glaciers and glacial dis-
charge. Moreover this information may have an important
role in detecting glacial hazard and risk, especially in areas
where tourism is well developed and where hiking trails
extend near the glaciers, for example when they cross san-
dur and glacial streams.

STUDY AREA AND PREVIOUS WORKS

The research has been carried out in the proglacial area
of Miage Glacier, close to its southern lobe (fig. 1). Miage
Glacier (11 km?®) originates from Mont Blanc Massif at an
altitude of 4800 m a.s.L; it flows for 6 km along Veny Val-
ley and it has its terminus at an altitude of 1775 m a.s.l.
(Diolaiuti & /7, 2005). The lower portion of the tongue is
characterized by two main lobes which enclose a smaller
one. Debris coverage begins at an altitude of 2400 m and
forms rapidly a continuous layer. The debris layer devel-
oped during XVIII century (Deline & Orombelli, 2005)
and it is supported by frequent rockfalls and debris falls
on the glacier surface.

The Miage Glacier is the only glacier in Italy which
presents a well-developed tree coverage, growing on the
lower part of its tongue: trees on supraglacial debris are
mostly Larix decidua Mill. and Picea abies (L.) Karst. They
show typical shapes (twisted and deformed trunks), caused
by mechanical disturbances due to the complex glacial
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movement and the tree-ring characteristics (scars, com-
pression wood, ring-width anomalies etc) record environ-
mental changes. Trees ability to record proxy data allows
to investigate surface glacier processes as generally real-
ized with dendrochronological analysis on proglacial trees,
buried trunks, trees on moraine edges etc (Lara & ali,
2005; Brauning, 2006; Allen & Smith, 2007; Girtner,
2007; Pelfini, 2007; Jackson & aliz, 2008).

More in detail, European larches on Miage Glacier al-
lowed to identify and date growth anomalies due to super-
ficial glacial movements (e.g. slide, flows, vertical move-
ments, debris instability) and to analyze the effect of the
last kinematic wave that crossed the lower part of the
tongue (Pelfini & aliz, 2007; Pelfini, 2008). Its effect can
be observed through a succession of aerial photos (Giardi-
no & alii, 2001) and was confirmed by glaciological inves-
tigations (Smiraglia, 2001). The dendroglaciological analy-
sis contributed to acquire detailed information about the
period during which glacier movements affected supra-
glacial trees. Trees reacted to glacial strain some years ear-
lier in the southern lobe as well as showing a major num-
ber of growth disturbance indicators (Pelfini & a/zz, 2007).

Nevertheless, in relation to the glacier sliding and to
the surface velocity, the actual tree spatial distribution
does not correspond to the one assumed when the kine-
matic wave occurred. The 1997 was identified as a year of
growth difficulties in a significant number of supraglacial
trees: damages on trunks along the inner glacial margin
due to boulder falls from the glacier were common. The
previous year, 1996, was characterized by important flood
events in all the Aosta Valley, related to heavy rains that
probably also influenced the dynamics of the glacier.

Moreover the tree life span is controlled by glacier sur-
face velocity and by the evolution of ice cliffs that cyclical-
ly open in correspondence of the glacier front. Trees in
fact move down-valley in relation to glacier sliding, ice-
cliffs retreat and evolve (backwasting and downwasting
phenomena), falling down when they reach the glacier ter-
minus or when they are reached by the ice-cliffs moving
back. Each summer, on the northern lobe, the ice cliff evo-
lution causes the loss of more than one hundred trees and
young plants (Pelfini, 2008).

The studied proglacial area is NE-SW orientated and
covers a surface of about 6930 m’. This area is bordered
by two lateral moraines, by the terminus of the southern
lobe and by a small bridge, which is part of a tourist trail
(fig. 2).

A debris coverage, continuously mobilized by melting
water, characterizes the plain. Pebbles and blocks from
the glacier surface are present, especially at the front mar-
gin where they give place to a small talus. The sandur mor-
phology reflects the direction of water flow: elongated
domes and channels are frequent as are deposits due to
debris and block fall.

Larix decidua Mill., Betula alba, Salix spp. dominate the
sandur with only a few individuals of Picea abies (L.)
Karst: trees and shrubs are grouped and located in areas
delimited by water flows. Some trees show regular shaped
trunks, in other cases growth disturbances and scars, due
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hiking trail that borders the investigated area.
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to running water, glacier dynamics and debris fall, can be
identified.

The glacier stream frequently changes its origin: spatial
distribution in the glacial outflow is constantly in evolu-
tion, as observed during the 2007 summer fieldwork
(Pelfini, 2008). There are three springs close to glacier ter-
minus but their discharge is not continuous in time and
varies during seasons: for example during the survey in
summer 2007, glacier stream progressively diminished its
run-off, coming to a dry situation in November 2007.

When glacial run-off is significant, the glacial stream
can affect the hiking trail near the glacial terminus, in-
creasing risk for hikers.

The glacier surface is also characterized by many small
supraglacial lakes and by a typical marginal lake, delimited
by an ice cliff and a moraine system. This lake cyclically
empties, varying its stream flow discharge also in the
proglacial area. Here, the Alpine calving phenomena are
well represented and studied in detail (Diolaiuti & alz,
2005; 20006).

METHODS

One hundred fifty nine cores from 101 Larix decidua
Mill. were sampled using an increment borer. In order to
identify the glacier stream effect on the tree growth in re-
cent years, sampling took place in the entire investigated
area avoiding tree belts between the glacier front margin
and spring line or located less than 3 meters from the trail,
so as to limit anthropic impact. Cores were collected at the
base of the trunk to obtain a cambial age as indicative as
possible to the real age (Schweingruber, 1988), in corre-
spondence of scars and growth direction changes.

Particular attention has been paid to the sampling
height because it represents one of the factors that could
affect the ecesis ' estimation (Koch, 2009).

Each sample was georeferenced by means of a pocket
pc and GPS and all the information was achieved in a data-
base. Cores were prepared following the standard method-
ology (Schweingruber, 1988, 1996) and they were measured
using the LINTAB-TSAP system and the Windendro soft-
ware (Rinn, 1996; Régent Instrument Inc., 2001). Reference
chronologies have been built for the previous study (e.g.
Pelfini et al., 2007) using larches growing outside the glacier
and they were used for comparison with tree-ring data from
proglacial trees. The crossdating of the dendrochronologi-
cal series was performed using COFECHA (statistical
analysis) and TSAP software (visual analysis).

A detailed analysis was carried out on:

e scars, generally due to the impact of blocks and boulders
coming from glacier surface or transported by glacial
stream;

' Ecesis is the time taken by trees to successfully germinate on a bare
surface (McCarthy & Luckman, 1993). According to McCarthy & Luck-
mann (1993) it represents the minimum (or average) interval that has to
be added to the earliest ring date from the oldest tree on a surface to esti-
mate the stabilization date of that surface.
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e compression wood: reaction wood produced by a tree in
order to recover its vertical position when tilted by glac-
ier pushing, boulder fall, debris flows, substrate instabil-
ity etc. Generally trees present an eccentric growth, with
wider rings and with a more intense colouring on the
side of the trunk which is exposed to the valley (Timell,
1986).

Growth anomalies recognizable only on one side of the
stem (up-valley, down-valley) can be associated with me-
chanical disturbances while narrow or very wide rings
along all the stem circumference are commonly associated
to general growing conditions.

A ring count was performed to estimate a date of scar-
ing and that of the first ring of compression wood; skele-
ton plots were built to identify pointer years, comparing
ring width to that of previous year (Schweingruber, 1988),
in order to obtain a time scale of growth anomalies and
spatial maps.

In the present work there will be use of the following
terms to indicate sampling direction: SW core (upslope di-
rection), NE core (downslope direction), SE core (hydro-
graphical right) and NW core (hydrographical left).

RESULTS

Tree ages

The reduced size of the trunks (average diameter 12,7
cm) permitted to collect cores with piths, avoiding the
classical procedures for estimating lacking rings. The ma-
jority of the sampled trees germinated at least between
1976 and 1986 (47 %) (fig. 3). Many trees date back to in-
terval 1979-1989; only a few larches germinated between
1928 and 1963: only 6 trees during a period of 36 years
(fig. 4). As expected, tree age increases moving away from
the glacier front, even if the oldest larches (respectively 74
and 79 years old) are located in the middle of the right
sandur margin, probably because of the presence of a
more stabilized substrate. On the basis of their spatial lo-
cation, sampled trees can be divided into five groups (fig.
5). In group A, the plants are 11 to 40 yrs old, with a ma-
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FIG. 3 - Sampled tree age distribution. The majority of the collected cores
belonged to trees 21-30 yrs old.
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FIG. 4 - Germination years of sampled trees. The majority of them germi-
nated between 1963 and 1993.

jority of trees 11-20 years old. Groups D and E are charac-
terized by few larches: all 21-30 years old in the group B,
the oldest specimens in the group E. The majority of the
larches in the group C are 21-30 and 11-20 years old. In
the entire glacial sandur saplings are not present, except
for at the foot of the glacier front.

The tree-age distribution allows to assess that since the
80’s the sandur is not affected by disruptive events. The

oldest trees belonging to the group 71-80 yrs (E) (fig. 5)
document the relative inactivity of this portion of the san-
dur, marginal located (hydrographical right) if compared
to glacial and stream flow in the last decades. The area (A)
is characterized by small escarpments and probably it is
more active as documented by the region with trees not
older than 11-20 yrs. The tree-age spatial distribution al-
lows to exclude the occurrence of dramatic events able to
completely destroy the forest vegetation. Nevertheless, tree
ring morphologies permit to identify past minor events
which caused growth disturbances.

Growth anomalies related to proglacial runoff.

Scars

Thirty-nine scars on 15 trees were detected with a ma-
jor concentration of damages in year 1993 (fig. 6). Ten
trees growing along glacier stream courses show scars be-
low 60 cm in height, probably due to water and debris-
flow impact, while sampled larches growing nearest the
glacier (5 plants) show scars higher than one meter. In this
second case blocks falling from glacier surface can be the
most possible cause. In particular a sampled larch, grow-
ing at the glacier foot, shows a series of at least three scars
during the interval between 1984 and 1990, probably re-
lated to 1975-1988 growing phase of Miage Glacier (Gia-
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FIG. 5 - Spatial distribution of sam-
pled trees represented on the basis
of their minimum age. As expect-
ed, the age increases moving away
from glacier front. A scheme of
sampling directions is also showed
in the image at the bottom left.
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FIG. 6 - Scars distribution in time: the major number of damages were
detected in 1993 (the black bar).

rdino & aliz, 2001) and associated to debris-fall events
from the glacier front.

The widespread scar distribution documents the occur-
rence of on-going disturbance processes affecting trees. It
is not easy to detect the main cause: the snow coverage
and the glacier stream discharge continuously stress pro-
glacial vegetation. Moreover the number of scars could be
underestimated because all the samples have been collect-
ed in correspondence of visible scars and, as a conse-
quence, it is possible that others scars, not visible were not
samples. Nevertheless the concentration of wounds in the
years 1989-1990, 1993 and 1996 and 2007 shows that sev-
eral events occurred in these periods.

Reaction wood

Sixty-one percent of sampled trees presents compres-
sion wood (62 plants out of a total of 101 sampled trees,
tab. 1); 18% of this reaction wood has been detected in
different positions along the stem circumference, suggest-
ing a continuous destabilization of plants growing on the
glacial sandur. Eight larches present reaction wood just on
the sides which face down-valley and up-valley.

Eighty-two percent of the 62 trees with reaction wood
shows this growth anomaly just in one position along the
stem circumference (tab. 1). The majority of its occurrence
is on the side facing down-valley (38 plants, 74.5 %) (tab.
2), highlighting their destabililization towards down-valley.

The calendar years mostly affected by reaction wood
are 1997 (36 plants, 35% of sampled trees), 2001 (19

TABLE 1 - Distribution of reaction wood (RW) in the sampled trees. Trees
with this growth anomaly on one sampling direction are categorized
differently from plants with reaction wood on more sampling directions

Number %

RW on one sampling direction 51 82
RW on more sampling direction 11 18
Tot plants with RW 62 (61% of 101 trees) 100

TABLE 2 - Distribution of reaction wood in the sampled trees in relation
to sampling direction: SW cores (upslope direction), NE core (downslope
direction), SE core (hydrographical right) and NW core (hydrographical
left). Group I collects all the trees with RW in one sampling direction,
Group II includes tree with RW on more sampling directions (see table 1)

Sampling direction Number of sampled trees %

SW 5 9.8

NE 38 745

D SE 3 5.9
NW 5 9.8

Tot 51 100

SE & NW 1 9.1

) SW & NE 8 727
NE & SE 2 18.2

Tot 11 100

plants, 19%) and 2006 (15 plants, 15%); other intervals
characterized by this growth anomaly have been detected
in small groups of sampled trees.

Eccentric growth

Eccentric rings, with positive (increase) or negative
(decrease) ring-width variations over several years, are pre-
sent practically in all samples.

One hundred fifty-six symmetric anomalies (37
growth increases and 119 growth decreases) were identi-
fied, compared to 851 eccentric ring-width variations (295
growth releases and 556 growth suppressions) (tab. 3).
We considered symmetric growth anomalies to be related
to climate, and eccentric growth increases or decreases
caused by geomorphic processes. An unfavourable year
for tree growth is recorded by narrow rings while a devia-
tion from the vertical growth is recorded by an increase in
wood production only on one side (generally associated
with compression wood) (Schweingruber, 1996). In this
case, the glacial stream flow was recognized as the prin-
cipal source of growth disturbances. In fact the area is
characterized by a very gentle slope and snow creep can
be excluded. Growth releases related to the presence
of compression wood were not recorded as eccentric
growths.

The majority of growth anomalies (tab. 4) are concen-
trated on the trunk side facing down-valley (NE sampling
direction) and on the trunk side facing up-valley (SW sam-
pling direction), concordant with water-flow trajectory in

TABLE 3 - Symmetric and eccentric growth anomalies distribution in sam-

pled trees. Symmetric anomalies: anomalies detected on down-valley and

up-valley sampling directions; eccentric anomalies: anomalies detected
just on one sampling direction

Growth release ~ Growth suppression ~ Total
Symmetric anomaly 37 119 156
Eccentric anomaly 295 556 851
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TABLE 4 - Eccentric growth anomalies distribution on the basis of
sampling direction

Eccentric growth anomalies

Number %

Sampling direction increases decreases Tot increases decreases
SW 128 231 359 43 42
NE 160 305 465 54 55
SE 3 12 15 1 2
NW 4 8 12 1 1
Tot 295 556 851 100 100

proglacial sandur. Few eccentric growth anomalies were
detected in SE and NW sampling directions.

The concentration of eccentric-growth anomalies in
water-flow direction suggests that glacier stream flow has a
more significant impact than other geomorphic processes.

Observing the spatial distribution of growth anomalies,
we detected that eccentric growth in SE and NW sampling
direction is principally related to escarpments associated
to channels carved by water flow, which cause plant insta-
bility. Others are visible in areas characterized by an ap-
parent substrate stability but where heavily disturbed
plants were growing (fig. 7). We hypothesized the pres-
ence of seasonal ice in soil, affecting vertical growing.

More in detail, coeval anomalies present a disposition
following alignment parallel to glacier terminus; during
time (precisely in years 1971, 1972, 1973, 1988, 2006) (fig.
8) this line-up seems to change its position, and it could be
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FIG. 7 - Spatial distribution of growth anomalies: little grey points rep-

resent sampled trees without growth anomalies in SE or NW sampling

direction (up-valley and down-valley side) (fig. 3). Black circles are trees

growing on water flow-related scarps, with growth disturbances; the big-

ger grey circles show trees with growth anomalies and located in an area
apparently undisturbed.

FIG. 8 - Alignments of damaged sampled trees with parallel trends in rela-
tion to glacier terminus. Growth anomalies distribution suggests a steady
advancement of these hy pothetical lines.

partially related to the 1975-1988 growing phase of the
glacier (Giardino & a/iz, 2001).

DISCUSSION AND CONCLUSIONS

The studied area has a small surface and obviously the
results can not be extended or generalized. Nevertheless
much information about the recent glacier behaviour and
dynamic can be extracted, confirming the important role
of a natural archive that dendrochronological data repre-
sent. In fact, tree rings are well known as important tools
for recording and dating geomorphological and glacial
processes (Watson & Luckman, 2005; Wiles & aliz, 1996;
Pelfini & alii, 2007) and the results proposed here, allow
us to include proglacial vegetation as a useful indicator of
glacier-correlated dynamics.

The first kind of information easily gained from tree
age is the absence of disruptive phenomena and more de-
tailed data about the stability variation of the substrate.

On the Miage sandur the maximum tree age (about 30
yrs) indicates that since 1977 (minimum age) the southern
proglacial area has not been affected by important fluctua-
tions of glacial front, as suggested by debris-covered glaci-
er general behaviour (Benn & Evans, 1998), by mass-wast-
ing events or by great stream-flow activity. The tree-age
spatial distribution permits to reconstruct changes in shape
and dimension of the single morphological units (groups
A, B, C, D, E) affected by glacial stream activity and snow
coverage disturbances.

In conclusion, it is possible to identify areas character-
ized by a more intense stream activity at least before 1977,
between 1977 and 1982 and after 1982 as shown in figure
9. These dates represent minimum ages.
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The great number of growth disturbance indicators
suggests a continuous evolution of the proglacial area and
the substrate stability. Nevertheless the identified and dat-
ed tree-rings damages do not show an evident correlation
with flood events or important snowfalls (fig. 10), confirm-
ing a modification, during time, in the extension of the
more affected areas.

It is possible to hypothesize a relation between tree re-
sponses and Miage lake outbursts. The famous marginal
ice-contact lake has been interrupted by several drainage
events during last century (meteorological data kindly pro-
vided by G.E.I.E. Traforo del Monte Bianco; Diolaiuti &
alii, 2005). Tree-growth anomalies seem to decrease in the
years following the lake outburst like in 1990 and 2004,
even if the 1986 event is not concordant and the 1975
is characterized by few damaged trees. More in detail, in
these years a major number of growth releases are present,
respect to compression wood, scars and growth suppres-
sions, probably related to the major availability of water in
the growth season. On the contrary, the small increment in
growth suppressions in the 1987 could be a consequence
of the 1986 flood event (fig. 9).

A complex situation emerges from the results: rain-
storms and rainfalls are important for the glacier discharge
but also the ice melting, related to the temperature in-
crease, and the snow melting, when the snow layer is thick,
have a significant role. The new data coming from this
work suggest the possible relation with the glacial lake
dynamics.

A previous study (i.e. Pelfini & a/iz, 2007) points out
the areal and temporal distribution of growth anomalies
recognized also on supraglacial trees, that corresponds to
some data extracted from proglacial trees near the south-
ern lobe.

In detail, using procedures proposed in Pelfini & al,
2007, similar abrupt growth changes on the southern lobe
have been identified in 1976, 1988, 1989 and 1997, indi-
cating a response to glacial activity. Compression wood is
largely present in 1997, related to several boulder falls and
to an active glacier dynamic. It has not been possible to
identify exactly the kinematic wave crossing the southern
lobe in 1984-90 but the presence of a concentration of
growth anomalies in 1988-1990 (fig. 10) seems to confirm
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FI1G. 9 - Three surfaces affected by the pro-glacial stream activity in dif-
ferent periods: before 1977, between 1977 and 1982, after 1982. Areas
were delimited using growth anomalies detected in sampled trees.

a more pronounced glacial dynamic influencing the Miage
runoff.

Proglacial vegetation seems to store information as
supraglacial vegetation does, but related to glacial dis-
charge rather than only to direct glacial mass movement.
In this specific case, European larches growing in pro-
glacial areas and affected by glacial runoff, recorded the
same anomalies detected in the supraglacial vegetation.
Different processes, glacial stream-flows and glacial tongue
dynamic, have been recorded in tree ring anomalies identi-
fied both in trees colonizing the supraglacial debris layer
and in proglacial vegetation.

Several signals associated with geomorphological
processes are stored in proglacial vegetation: their analysis
is complex and time-consuming but these results represent
a great opportunity for future studies on the glacial dy-
namics of debris-covered glaciers.

Reaction wood

FIG. 10 - Relation between growth
anomalies distribution, flood events
(black rhombus) and annual snow-
falls (black circles). The bars rep-
resent the number of trees with
different growth anomalies (iden-
tified by colours); the bars with
black borders represent the years
characterized by the Miage margin-
al ice-contact lake’s drainage events.
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FUTURE PERSPECTIVE

Frequently debris covered glaciers are characterized by a
thin debris layer not sufficient to support a tree coverage or
by a fast dynamic that impedes the tree colonization; the re-
lation between proglacial and supraglacial trees behaviour
demonstrated for Miage glacier, allow the consideration of
growth anomalies in proglacial trees as a source of data con-
cerning the recent dynamics of debris-covered glaciers.

Even if related to a small area, these results confirm the
utility of dendrochronological analysis in research on high
mountain environments and they show how trees growing
in proglacial areas can represent a source of data not only
on glacier dynamic but also on glacial lake fluctuations and
glacier stream activities opening new possibilities for inves-
tigating these kinds of sites. Dendroglaciological investiga-
tion in proglacial areas could be very useful in such terri-
tories where debris covered glacier are the most common
glacial typology as in Karakorum and Himalayan region.

Finally, the spatial distribution of tree-rings growth
anomalies and damages on trunks allows better manage-
ment of trail networks in glacial and periglacial environ-
ments to. The rapid changes in glacier outflow may affect
trails, increasing the glacial risk. The reconstruction of
past events can contribute to studies about periodicity or
frequency of this kind of hazard, deeply studied also on
Ttalian Alps (Smiraglia & aliz, 2008; Kaab & aliz, 2007;
2004; Piccazzo & aliz, 2007; Pelfini & Santilli, 2008). The
identification of areas potentially affected by glacier stream
activity and the frequency of phenomena in the recent past
may contribute to risk mitigation.
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