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Abstract Changes in radial growth of the four conifereoncentration or N-deposition) and low frequency of Tu-
ous species growing in the French Alps near the upp@rmonthly temperatures. However, they show different
treeline are investigated. Thirty-seven populations patterns than those observed from response functions at a
Norway spruceRicea abieqL.) Karst.], European larch yearly scale.

(Larix deciduaMill.), Swiss stone pineRinus cembra

L.) and mountain pineRinus uncinataMill. ex Mirb.) Key words Global change - Timberline -

were sampled by taking 1320 cores and analysing trBendroclimatology - Tree-ring - Conife:rs

ring widths. Sites were chosen in various climatic condi-

tions (macroclimate and aspect) and on two kinds _of

bedrock in order to take into account the ecological Hatroduction

haviour of these species. Belledonne, Moyenne-Tarent-

aise, Haute-Maurienne and Brianconnais areas w8&iace the study of La Marche et al. (1984), many other
sampled along increasing gradients of summer ariditgndroclimatological studies were carried out on the ef-
and winter continentality. The calculation of time seridsct of CQ, and air temperature rise on radial tree growth
after removing the age trend brings strong evidence {omes 1991; Ceulemans and Mousseau 1994; Becker et
an increase in radial growth during the two last centuries, 1994; Mortier 1995). After removing the age trend,
but with different stages and fluctuations for each spmest of them observed important radial increases in ring
cies. This growth trend is significantly enhanced sineadth in different environments (Ecocraft/ICAT 1994),
1860 for the spruce, and since 1920 for the two pine speth for deciduous species such@sercus petraea, Q.
cies. Furthermore, it also appearslarix deciduawith robur, andFagus sylvatica.. (Becker et al. 1995), and
the same pattern despite periodical growth reduction daeconiferous species likeinus nigra(Lebourgeois and

to attacks of the larch bud motZejraphera diniana Becker 1996),Abies alba(Becker et al. 1995)Pinus
Gn.). The analysis of ring-widths at a given cambial agembra (Nicolussi et al. 1995)P. uncinata (Rolland
reveals that this enhanced phenomenon is observed e$p86) orLarix decidua(Belingard 1996).

cially during the tree’s early years (25-75 years). The However, most of these field works have been done at
analysis of four regional climatic series, and three londew elevations where forest management, recent human
series of temperature (in farther single sites) reveals sglisturbance, and competition among trees also have
chronous decadal fluctuations and an evident secularstrong effects on growth.

crease in minimum temperatures (especially in JanuaryHuman impact on tree growth is supposed to be less
and from July to October), that may be involved in treenportant at high elevation sites, characterized by low
growth enhancement. Thermic amplitudes are signiditand densities and reduced air pollution (Peterson et al.
cantly reduced during the whole growing period, what 1990). Moreover, subalpine forests or timberlines are
more pronounced in Belledonne, the most oceanic near the abiotic ecological limits of the tree species that
gion. Long term growth changes are well described bgcur there, and they may react more strongly to climatic
stepwise regression models, especially for the pine spleanges (Gale 1986; Graumlich 1991). For example, cold
cies. These models involved both a linear trend ,(C&trongly limits tree growth near timberline, and thus glob-
al warming of the air may have a more significant effect.

Eéti)?g?gi(rje.%spgggggtséﬁlzs%%?r?slentre de Biologie Alpine Furthermore, few studies have examined a large num-
Université Joseph Fourier, BP 53 X, F-38 041 Grenoble, Franceber of timberline species simultaneously and specifically

e-mail: Richard.Michalet@UJF-Grenoble.FR incorporated bioclimatic variation among sites (Petitco-
Tel.: 04 76 51 46 00; Fax: 04 76 51 44 63 las and Rolland 1996).
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Fig. 2 Yearly variations of July
monthly mean temperature in
Lyon (1881-1990), low fre-
quency at decadal scale (ob-
tained with a moving average,
bold solid ling, and adjustment
of a linear long term trend
(dashed ling
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1880 1900 1920 1940 1960 1980

Meanvalue """ " Linear trend == Low frequency

Table 1 Number of populations for four species on different saml0 populations of mountain pin®ifus uncinataMill. ex Mirb.)

pling ecological conditior 3 were sampled (Fig. 1). The sites are located on calcareous or non-
calcareous bedrock and either on northern or southern slopes (Ta-
Number of populations Bed rock Aspect ble 1).
Five populations were sampled in the Belledonne mountains
Calca- Non (northern external Alps), 10 in the Moyenne-Tarentaise (northern
Species Sites reous calcareous South Northintermediate Alps), 10 in the Haute-Maurienne (northern inner
Alps) and 12 in the Briangonnais (southern inner dry Alps) along
Picea abies 8 3 5 5 3 two gradients of increasing summer aridity and winter continent-
Larix decidua 7 4 3 2 5 ality (Pache et al. 1996).
P. cembra 12 4 8 5 7
P. uncinata 10 6 4 5 5 )
TOTAL 37 17 20 17 20 Core sampling and measurements

In each population, 12 dominant trees were sampled at approxi-
mately 1.30 m above the ground with a Presler increment borer,
taking 3 cores per tree in different directions. All the individual

Here we have analysed long term trends in the radigg-widths were measured with an accuracy of 0.01 mm, and vi-

: : . : . ually cross-dated using a visual method with skeleton plot and
growth of four conifers growing near t'mbe”'r_‘e In théhecked by cross-correlation calculation and pointer years analysis
French Alps. These four speci¢ficea abiesLarix de- (Schweingruber 1996). When a core did not reach the centre of the

cidua, Pinus cembraand P. uncinata are the dominant tree, the number of missing rings was estimated and added to the
large trees at timberline throughout the Alps. These s gmber of measured rings to obtain the corrected tree age. The de-
cies were analysed over a range of substrate and ta@ﬁ‘ for elevations, locations of forests, number of trees, cores,

. . . . - . . ring-widths are presented in Table 2. We analysed 1320 cores
graphic conditions, and in four different climatic regiongg a total of 185 667 ring-widths (Table 3).

along a precipitation gradient. It ranges from areas char-
acterised by oceanicity (high amount of precipitation _
during the whole year) to regions with summer drougfhgiculations and methods

and winter contlnentallty due t'O a r_a'nShaC!OW effect, th)% used two dendroclimatological methods. First, the average

spans the large differences in climates in the westgrowth trend curve as a function of tree age was calculated for

Alps (Pache et al. 1996). each species (Becker 1988). This is done by averaging all mea-

sured ring-widths formed at the same cambial age for all different

sites for a given species (Petitcolas et al. 1997). These curves are

then used for standardising the data, by dividing each measured

ring-width at a given age of formation by the corresponding mean

growth value at the same age. The growth indices that are obtained

Sampling species and areas are expressed as a percent. Second, the measured values are exam-
ined without any standardisation, by plotting the ring-width as a

The four main coniferous species growing near the timberlinefimction of the year of ring formation for several cambial ages (25,

the French Alps were each sampled in various ecological corial), 75, 100, 125 and 150 years; Becker 1987).

tions at the upper forest line, from 1750 to 2300 m. Each species

was sampled in 7-12 different populations. For precise dendro-

metric features of these populations see Petitcolas et al. (1997)Climatic data

Eight populations of Norway sprucPi¢ea abiexKarst.), sev-
en populations of European lardtefix deciduaMill), 12 popula- In order to analyse the possible trends in the climatic data, region-
tions of Swiss stone pin®@inus cembrd.., Swiss stone pine), and al series were obtained by averaging several single meteorological

Materials and methods
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France), Geneva (1753-19ftkan temperatureN€125 years), with the slopes (a in °C/100
Italy) calculated with movingears) and Rvalues:

long series of Lyon (1881-1990
Switzerland) and Turin (1866—1994,

Fig. 3 Decadal scale trends in mean monthly temperatures in twerages. A linear long term trend is calculated for Turin monthly
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Table 3 Total number of cores, rings and mean tree age for tﬂssults

four specie=
Species Number of  Number of  Mean tree Trends in climatic data

cores rings age (years)
Picea abies 288 39020 135 Several authors have found an increase in tempe_rature
Larix decidua 249 40014 161 for western Europe (Hansen and Lebedeff 1987; Di Na-
Pinus cembra 424 56646 134 poli and Mercali 1996) especially at high elevations
Pinus uncinata 359 49987 139 (Bucher and Dessens 1991; Beniston et al. 1997) and for
TOTAL 1320 185667 141 minimum temperatures (Diaz and Bradley 1997).

Trends in long series of climatic data (in Lyon, Gene-

va and Turin) are investigated by observation of the low

series located in homogeneous climatic areas. This method is fsedquencies of yearly variations, and by calculation of a
to avoid local peculiarities of single sites and to obtain a regiofi@ear trend between yearly data and time (in Turin). Fig-

chronology for a more extended area (Blasing et al. 1981). F ; ; _
parameters were studied, the maximum) (@nd minimum () Wfe 2 provides an example in Lyon for July mean month

monthly temperatures, the precipitation (P), the mean temperatyrdemperatures. A secular increasing trenq appears with
(T, obtained by 1/2 (FT,) and the amplitude (FT,). the linear adjustment with a slope of 1.18°C/100 years,

Four regional climatic series were calculated for the perignit oscillations at decadal scale are revealed by the mov-
1946-1993 (48 years) in Belledonne (external Alps), Moyenne-Tg average (Di Napoli and Mercali 1996). For whole

rentaise (intermediate Alps), Haute-Maurienne and Briangonn . : :
(inner Alps) (Fig. 1) with most of the time four single sites per re- nths, results are gathered in Fig. 3 in Lyon, as well as

gional chronology (for more details, see Petitcolas 1998). or two other meteorological stations (Turin and Gene-
~ Three longer time series were also provided by important st@). All the months show secular positive trends in mean
tions around the studied area (Fig. 1): temperature, more pronounced from January to March.

1. Geneva (Switzerland) during the period 1826-1987 (with 1 ; ; : _
years) for P, and during 17531990 (238 years) for T Fhe increase in mean temperature is a global phenome

2. Turin (Moncalieri, Italy) 1864-1994 (131 years) for P, an@On since it appears for the three stations. Moreover, the
1866-1994 (129 years) for, TT,, T,, (Di Napoli and Mercali decadal scale fluctuations are synchronous (in October

1996). for instance) despite the distances between the sites.

3. Ly")”f(FrI‘E‘“Tce)Tlgzl‘lggz for P (72 years), and 1881-1990 (110rq, the studied area, trends in minimum and maxi-

years) for T, T, Tpp. ; ¢
The common period 1866-1990 (125 years) was used to cdBdM temperatures (Jand T,) are studied separately in

pare these three long series of temperature. the four regions during 1946-1993 (Fig. 4). Minimum

temperatures increase for all the months, especially in
July, whereas the maximum ones decrease from April to
June. Consequently, the increase in the mean tempera-

The hypothesis of a climatic trend influence on tree growth is testefieS previously observed in long series is less pro-

using stepwise regression. We used at once low frequencienotinced. On the contrary, thermal amplitudes-T})

Turin monthly minimum (7)), maximum (T) and mean (J) tem-

perature (Di Napoli and Mercali 1996) obtained with moving aver-

ages, and the year number (as shown on Fig. 3). For each species,

only the three first steps of the stepwise regression are retained

(Table 4 and Fig. 8). Fig. 4 Monthly increases in temperature expressed in °C/&00
years, calculated by linear correlation between temperatures and
time for the same period 1946-1993 (48 years) in four alpine val-
leys Belledonne, Moyenne-Tarentaise, Haute-Maurienne and Bri-
anconnais. Significant results at different threshoRigalues) are
indicated by different symbols. Results are given for minimum,
maximum and mean temperatures, thermal amplitude and precipi-
tatior

Comparisons of trends in climate and tree-ring

Table 4 Stepwise regression of long term changes in tree-ringgim and mean values (Tn, Tx, Tm). TR&value of each model
using low frequency monthly climatic predictors. The year numbper species is given, with the number of steps, and coefficients of
and the temperatures of Turin were used, with minimum, magiach model.N=124 years, 1870-19¢3)

Stepwise regression with 3 steps

Picea abies Larix decidua Pinus cembra Pinus uncinata
R?=0.75 R?=0.66 R?=0.90 R2=0.84
Coeff  T-ratio Coeff T-ratio Coeff T-ratio Coeff T-ratio
Constant -750 -601 -503 -206
Step 1 Tx_Feb 0.5 13.3 Tm_Sep 20.2 7.7 Year 0.3 10.1 Tn_year 16.7 8.6
Step 2 Tx_Nov -6.1 -55 Tx_Aug 155 7.3 Tx_May -4.5 -6.5 Tx_Feb -4.7 —6.8
Step 3 Tn_May -6.9 -3.2 Tx_May -4.9 -3.2 Tn_year 12.2 6.0 Year 0.1 4.7
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Trends in maximum temperature
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Fig. 5 Growth indices for four Picea abies
species (Norway spruce, Swiss
stone pine, mountain pine, Eu- 450 160
ropean larch) growing at the n
French alpine timberline in var- 140
ious sites and conditions, from
1750 to 1993N=Number of 120
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show strong reduction especially during the whole grow-

ing period, as observed by Biicher and Dessens (1991) in

the French Pyrenees. This pattern is more pronounced in

Belledonne £>0.01) and secondary in Moyen_ne—TarerE—i . 6 Comparison of the regional growth trends of four subalpte
taise; these are the two most external studied regi ies since 1800 in four regions of the French Alsumber
with the most oceanic and cold climates. At the samiecores,=growth indices with moving averages in tald
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2000

At 25 years
3 - 5 5 -
500 500 500 - » 500
- - . | -
400 400 4 I 400 "
|
300 300 4 300 A .
| 3

200 200 4 2004 ., aa
100 1004 = 1004 -

0 : . 04— =" 0 S

1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950

At 50 years
500 4 500 + 500 - 500 -
. |
400 400 400 400 |
300 4 300 l . 300 4 300 4
‘ *
200 200 - < 200 1
1 ]

100 4 100 1 = 100 4

0 — — 0 oy s 0

1700 1750 1800 1850 1900 1950 2000

1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950

At 75 years

2000

400 4 400 400 - 400
-
300 4 300 . 300 4 300
200 200 =t LT er 2004 200
- o
T
100 4 100 . 1004 . 100 4 =
0 e 0 f— 0 — P 0 ‘
1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950 2000
At 100 years
400 400 400 400
> 1
h |
300 -- 300 300 300 4
;
200 200 200 200 -
|
| |
100 4 100 - 100 - 100 -
L, .
. T e B 0+ 0 +—— 04—
1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950 2000
At 125 years
300 - 300 4 300 - 300 -
200 - T 2004 200 200 .
| LT - -
1 ) .
| =
100 - Ly ) 100 A - 100 4 100 -2
- g : .
1" - . - ~ -
04 : 0 ; 0 e 0

T v T T ]
1700 1750 1800 1850 1900 1950 2000

1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950

At 150 years

2000

1700 1750 1800 1850 1900 1950 2000

,zoo} 300 300 300
200 "o 200 - 200 - - 200 4
. -
i = - -. 2 :-
100 100 e % 100 100
e L, P e
« = 1 -~ .
| i .\-‘ W
0 4+t — 0+ . ‘ 0 . 0 ——

1700 1750 1800 1850 1900 1950 2000

1700 1750 1800 1850 1900 1950 2000 1700 1750 1800 1850 1900 1950

2000

1700 1750 1800 1850 1900 1950 2000



50

time, precipitation does not show significant trendsential shape, for every cambial age until 150 years. The
(P<0.1). Notice that linear regressions for modelling theend is less pronounced and disappears after 75 years
trends show only weak significance levels due to decafttal Larix decidua whereas it disappears after 100 years
fluctuations of climate. for P. cembraand after 50 years fd&®. uncinata
These regional results confirm the global feature of
the climatic change, and reveal that the reduction of ther-
mal amplitude is due mainly to the increase of minimu@omparisons of trends in climate and tree-rings
temperatures.
The stepwise regression models of each species are
shown in Table 4, and visually compared with long term
Trends in tree-rings changes in growth in Fig. 8.
The best fits are obtained fBr cembra(R?=0.90) and
The oldest tree found was a spruce sampled in the Hattedncinata(R?=0.84). For both, the linear trentlyéar’
Maurienne, with 449 years providing a chronology froin Table 4) is one of the predictors of the models, the
1546 to 1994. However, the mean chronological curviast one forP. cembraand the third one foP. uncinata
are only shown since 1750 because the number of cdvesice that the enhanced growth increase period around
is insufficient before this year (Fig. 5). 1925 is well modelledLow frequencyariations in May
Annual values are shown in Fig. 5, with moving avemaximum temperatures and ring-widthsRoicembraare
age in bold. The stages and slopes are hand drawn imegatively correlated (Table 4), while response functions
der to show the long term trends. All four mean curvehowed (Petitcolas and Rolland 1996) thigh frequen-
obtained for the different species reveal an increasecgfvariations of these parameters were positively corre-
growth during the two last centuries. However, tHated. Such complex influences appear just at the begin-
curves show different patterns for each species. Resunltyy of the photosynthesis period (Wieser 1997).
are quite similar for the two pine species. Their radial The model obtained foP. uncinatainvolves mainly
growth shows successive stages that are almost condtantrise of yearly minimum temperatures (that was the
and separated by short periods of increase startthgd step forP. cembrd. Such correlation suggests an
around 1840 and 1920 (and 1970 for the Swiss st@mhanced growth at subalpine level during years with
pine). The spruce shows the longest and also highdetment minimum temperatures.
continuous period of growth increase, from approximate- For Picea abiesandLarix decidua the fittings of the
ly 1860 to 1940. stepwise models are lower. The periodical attacks of the
Tree-rings of larch also show a general increase sih@ch bud mothZeiraphera diniangGn.)] in Larix de-
1810, despite periodic strong growth reductions at detdua populations may explain some divergences be-
adal time scale correlated with outbreaks of the larch biwken observed and predicted valuBgea abiesand
moth eiraphera diniangGn.). This effect is particular- Larix deciduamodels show mainly positive links be-
ly intense at high altitudes (Baltensweiler 1985; Webtveenlow frequencyvariations of ring-widths and tem-
1997). These growth reductions occurred in cycles of ggeratures, involving respectively February and the late
proximately 8-9 years length. summer (August and September). As far cembra
Some regional differences also appear (Fig. 6). Rbese results differ from those obtained by analysing the
the spruce, the positive trend is more pronounced high frequencyariations of the growth and local climate
Belledone and Moyenne-Tarentaise. It is also higher (lPetitcolas and Rolland 1996).
Moyenne-Tarentaise for the larch, and in Belledonne for
the two pine species. Thus, the highest trends are ob-
served in the more external and northern part of the ARiscussion and conclusion
(Belledone and Moyenne-Tarentaise), which are wetter
and colder, and where the climatic trends are the mwkis is the only study of long term radial growth changes
obvious, whereas they are weaker in the inner Alps (Bitiat has been conducted in the French Alps, and to our
anconnais and Haute-Maurienne), which are drier akmbwledge of all the Alps, that includes all the four dom-
with less pronounced climatic trends. inant coniferous species of the timberline with a large
Ring-widths at selected cambial ages were drawn asaaple (1320 cores). Moreover, it covered various eco-
function of their years of formation (Fig. 7). These agésgical conditions, and four areas that cover the different
related scatter plots also confirm a growth increase fimatic gradients in the western Alps.
all the species, especially for young cambial ages. How-Our study demonstrates for all species a clear increase
ever, the four species show different behavioRisea in tree growth near the timberline. The radial growth of
abiesshows the strongest increasing trend with an exgbe two pines shows almost constant successive stages,
separated by short periods of increase that start around
1840 and 1920, whereas the spruce shows the longest
Fig. 7 Ring-width as a function of their year of formation at diffrjmd also the highest continuous growth increase period,

ferent cambial ages (25, 50, 75, 100, 125 and 150 years) for figm approximately 1860 to 1940. Larch results are
same three specias more ambiguous due to evidenirapheira dinianaat-
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Climatic modelisation of radial changes in tree growth
Picea abies

—  Observed values
model

: ' e e g e e o e ;
1870 1890 1910 1930 1950 1970 1990

Larix decidua

160 +
150
140 +
130 +
120 +
110 +
100 +

60 -+ } L f ;
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Pinus cembra

i — observed values
130 T E— model

70 4t — ‘ ; —
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Pinus uncinata
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fig- 8 Model of |0n|g tefrm radial grfO;Nth trentds indtrtee_-riqgs foggécks. Furthermore, both low frequency tree-ring time se-
our species using low frequency of temperature gata in_tunn igés and ring-widths as a function of year of formation at
h riod 1870-1 124 r ils in Tabl I . . .
imeLobserved valuedne ne=model wih oimatic date ' different cambial ages lead to the same conclusion.
These results clearly confirm those obtained by other
authors for different species in different environments
(Hari and Arovaara 1988). For exampl@uercus pet-
raea Q. robur, Fagus sylvaticaAbies albaandPicea ab-
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iesin north-eastern France show strong increases in radipecially for the minimum temperatures, with synchro-
al growth (Becker et al. 1995). FBinus nigrassplari- nous fluctuations between the different series, and a
cio var corsicana the radial growth mean curves fronelear reduction of thermic amplitudes during the grow-
1935 to 1991 also showed an increasing general trendngf period. These trends are sharp in July when most of
the growth indices +50, +60 and +35% for, respectivetiie ring is formed at subalpine levels (Miller 1981).
the total ring, the earlywood and the latewood (LebouMetice that the stronger growth increase is found in the
geois and Becker 1996). Nicolussi et al. (1995) foundveo coldest regions (external and intermediate Alps),
steady and significant increase Binus cembramean where cold in summer may be a more limiting factor
ring-width from 1 mm per year in the middle of the lagPetitcolas 1998). Another argument that supports this
century and about 1.4 mm per year at present in the @matic interpretation is that the two pine species show
rolian Central Alps. The mountain pin uncinata rather similar long term trends, and their response to cli-
shows the same trend in the Briangonnais at high altitudate (Petitcolas and Rolland 1996; Petitcolas 1998) is
(Rolland 1996), as the larch in the southern Alps (Belingjmilar.
ard 1996). Others, however, have failed to find evidenceThe stepwise regression models calculated between
for a growth increase during the last 100-150 years. Faw frequencyariations in ring-width and both climate
example, Kienast and Luxmoore (1988) identified onlyehd the year number revealed that changes in tempera-
out of 34 sites in Europe where ring-width increased aftares may explain a part of long term variations in tree-
1950, and Kullman (1991) observed a growétlineof rings. Indeed, these models provide a rather precise fit
a P. sylvestrisnatural forest in northern Sweden, but ager the two pine speciesRf above 0.84), and jump
sociated this with recent cooling trends in local climate events in growth patterns, such as the increase observed

Four main hypotheses may be involved to explaamound 1925 in pines and larch curves, are well de-
such positive trends: an increasing air ;a€@ncentra- scribed especially before 1960 (Fig. 8). However, the
tion, N-deposition from air pollution by NP forest "year step retained (i.e. linear trend) in the stepwise re-
management influences or climatic changes. The tgression models of pines requires caution in making cli-
first hypotheses (increasing G@r N-deposition) may matic interpretations. Moreover, the discrepancy of pre-
partly explain the usually observed growth increase (Miictors according to the analysed sigraly frequency
colussi et al. 1995; Hattenschwiler et al. 1996). Hattudied here, anfligh frequencystudied with response
tenschwiler and Kérner (1997) found a clear increasefimctions (Petitcolas and Rolland 1996)] shows that rele-
annual net ecosystem carbon gain for model spruce e@nt climatic predictors involved in yearly growth varia-
systems exposed to elevated £ @vith an effect on tions do not explain long term changes in growth. This
growth still uncertain and dependant on soil (Egli arsdiggests that the causes of growth variations are com-
Korner 1997). However, CQcontinuous increase or N-plex, and that some other factors that have not be taking
deposition hypothesis failed to explain both the stages account in our models (GQir concentrations in-
observed in tree growth with decadal fluctuations and ttrease, N-deposition or human impact), may also be in-
regional differences observed in tree growth trends.  volved.

Tree growth changes may also be caused by possible
influences of forest management. Indeed, it can be V?;@kg%\;VE‘ggg&egasgé?ﬁr?gﬁesﬁg?&glWgé glr\IOVi?gdrg%”\‘;\a/eEtﬁg}] .
pothesised that t_rees that grew exceptionally fast i Callaway (University of Montana,(USA) fz)rpmgnuscript revi-
have been selectively cut when they were young, so , G. Pache for providing meteorological data, J. Lucas for
only trees with a slow growth rate during the first yeat&chnical assistance, and all the workers who helped us during the
were left (Lebourgeois and Becker 1996). However, tHigld work.
pattern was found in low elevation forests, and forests
near the timberline are much less likely to have experi-
enced such selective harvesting. Moreover, many jung§erences
are synchronous with those found in other dendroclima-
tological studies on the same species but in differ@atensweiler W (1985) On the extent and the mechanisms of the
forests (Nicolussi et al. 1995; Belingard 1996; Rolland outbreaks of the Larch Bud motZeiraphera dinianaGn.,

epidoptera, Tortricidae) and its impact on the subalpine
1996). Thus, the effect of tree cuts does not seem to brﬁl:arch-Cembran Pine ecosystefrEstablishment and trending

responsible for these jumps. of subalpine forest. Research and managemémtTurner H,
Finally, the role of the climatic change may be more Tranquillini W (eds) ProceedingsédUFRO Workshop 1984.
clearly involved to explain the low frequency jumps in Eidg Anst Forstl Versuchwes Ber 270, pp 215-219

tree ring growth trends. It is well known that globé?ec('féie'\g (;%2\7,\)/'5“)'3261%65 Slirs‘tévggtuee; eétﬁéégosg(?&gf idlilesaerii“

warming can explain the recent glacial retreat or fluctua- danqrochronologique. Ann Sci ot ad 370 a0s 09

tions in the French and Swiss Alps (LaMarche and Fritfgcker M (1988) The role of climate on present and past vitality

1971). Thus, glacial advance and ring-width growth are of silver fir forests in the Vosges mountains of north-eastern

known 1o react to air temperature at high altitUdeBsecll:(rearnlS/le'E?ee:?égoz?j){ﬁ(s:hlogr; 31%?(;}&11} Ulrich E (1994) Ten

(Serre-Bachet'and Te.SS'e.r 1985; Tessier 1986). dances a long terme observées dans la croissance de divers
The analysis of climatic trends revealed a clear and feyillus et résineux du nord-est de la France depuis le XIX

general warming at all sites during the last two centuries siécle. R F F XLVI: 325-341
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