
INTRODUCTION

Tree-ring width can be used as a proxy of environmental
factors, such as climate condition, soil fertility, insect out-
breaks and competition (Schweingruber, 1996; Laganis et

al., 2008; Rodríguez-González et al., 2010). Both drought
and water availability can be limiting factors for tree
growth. In wetlands, a high water level and water saturation
can be chronic stressors for trees. Seasonal and permanent
flooding affects individual trees, stand composition, struc-
ture and growth, as well as the whole ecosystem (Mitsch
and Gosselink, 2007; Rodríguez-González et al., 2010)
Therefore, tree-ring width can be successfully used for re-
constructions of past water level or streamflow (Case and
MacDonald, 2003; Lara et al., 2005).

Black alder (Alnus glutinosa (L.) Gaertn.) is a common de-
ciduous species in mesic wet sites (Eschenbach and
Kappen, 1999) and is well able to grow in areas that are pe-
riodically flooded (Bair and Hennessey, 1982). Adaptations
of alder for living in a habitat with a high water level in-
clude roots located close to soil surface and a deep taproot
(McVean, 1953; McVean, 1956). Another advantage for
growth in wet habitats is a high transpiration potential
(Priedîtis, 1997; Schrader et al., 2005). Black alder is light
demanding, capable of fast growth and has a short life-time.
Significant height growth usually stops at about 60 years
(Evans, 1984; Laganis et al., 2008). This deciduous tree

species is less dependent on soil nitrogen, as Alnus sp. can
fix N2 in the roots through symbiosis with the actinomycete
Frankia (Laganis et al., 2008; Rodríguez-González et al.,
2010). However, during flooding the oxygen level in soil
decreases, which can have a negative impact on nitrogen
fixation (McVean, 1956; Virtanen, 1957; Griffiths,
McCormick, 1984; Kaelke and Dawson, 1997).

There are no available studies on the effect of climate and
hydrology on tree ring growth of black alder. This type of
information is necessary to understand the ecology of this
deciduous species, and to predict effect of global climate
change.

We hypothesised that tree-rings of black alder growing near
the rivers would be a suitable proxy of river water level.
The purpose of this study was to determine the relationships
of meteorological and hydrological factors on the radial
growth of black alder.

MATERIALS AND METHODS

Sampling site. Two sampling sites were established on the
banks of small rivers Dursupe and Raíupe near hydrologi-
cal stations where monitoring data on water level was avail-
able (Fig. 1). At both sampling sites black alder trees were
located near the river. The Raíupe sampling site (X:
395059, Y: 6361318) was characterised by a very low
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height of the bank above the water level. The difference be-

tween water level and top of the river bank in October was

only 15–20 cm, indicating that flooding occurs during high

water level periods in spring. At the Dursupe sampling site

(X: 441057, Y: 6339773), the river banks were much higher

— the height of the river bank above the water level was

more than 100 cm in October.

Meteorological and hydrological data. Meteorological

data for the Stende meteorological station were obtained

from the Latvian Environment, Geology and Meteorology

Centre. Data on mean monthly temperature and precipita-

tion amount for the previous and current year were used.

Hydrological data (mean, maximal and minimal monthly

water level) for the rivers Dursupe un Raíupe were ob-

tained from “Meliorprojekts” Ltd. The water-level data

were available for the time period 1963–2005 (Fig. 2).

Meteorological and hydrological data were also aggregated

into autumn (previous year September – November), winter

(previous year December – current year February), spring

(March – May), summer (June – August) and season (previ-

ous year October – current year September) periods.

Sample collection, preparation and measurement. Cores

from black alder were collected in 2008 for the Raíupe plot

and in 2008 and 2010 in the Dursupe plot. Plot size was 3

meters wide and 20 meters long. Using an increment borer

two cores from opposite sides of each tree were taken at

breast high. A total of 18 trees growing close to river at

Raíupe and 17 trees at Dursupe were sampled. The cores

were dried and gradually sandpapered (from 80 till 500

grade). LINTAB tree ring width measuring equipment and

TSAPWin software were used for tree-ring width measure-

ment (Rinn, 1996). All tree-ring series from each site were

checked using a combination of visual, graphical, and statis-

tical cross-dating techniques. Visual and graphical tech-

niques were used to correct misdated samples. Dating accu-

racy was checked with COFECHA software (Holmes,

1983). After tree-ring width measurement and quality con-

trol, mean tree-ring width was calculated for each tree that

had two cross-dated cores.

Statistical analysis

For each sampling plot tree-ring width series were

detrended on a modified negative exponential curve using

the package dplR (Bunn, 2008) in program R (Anonymous

2011). These were then combined to build a residual chro-

nology after applying auto-regressive modelling (Holmes,

1999). EPS (expressed population signal) values for both

sampling sites were calculated to determine whether chro-

nologies showed a common signal for the site (EPS value

higher than 0.85) or if signals of individual trees dominate
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Fig. 1. Location of Dursupe un Raíupe

sampling sites (circle) and Stende meteo-

rological station (triangle).

Fig. 2. Mean monthly river water level for the Dursupe (A) un Raíupe (B)

rivers for 1963–2005.



in the chronology (EPS value lower than 0.85) (Speer,

2010).

Pointer-year intensity values for each sampling site were

calculated by the modified Skeleton-plot method. Intensity

values were defined as extreme positive or negative devia-

tions from the average tree-ring width in a single tree-ring

series. Tree-ring width of each year of a tree was compared

to the mean tree-ring width of the previous five years. Ac-

cording to the intensity of a single growth deviation, five in-

tensity classes were used. The 5th intensity class, which

was the maximum intensity class, was defined as a tree ring

that was at least 80% narrower or wider than the mean of

the neighbouring rings, and the 1st intensity class was when

the difference was less than 20% (Neuwirth et al., 2004;

Elferts, 2007). Site pointer year intensity (I) was calculated

using the formula:
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where k – number of intensity class; n – total number of

trees; hj – number of trees in intensity class; ij – value of in-

tensity class.

Pearson correlation coefficients between chronologies and

meteorological/hydrological data, as well as between

pointer-year intensity values and meteorological/hydrologi-

cal data were determined.

RESULTS

After tree-ring measurement and crossdating, 14 tree-ring

series for Raíupe and Dursupe sampling sites were used for

further analysis. EPS values were 0.925 (Raíupe) and 0.887

(Dursupe). The Dursupe chronology had a length of 71

years and the Raíupe chronology — 44 years (Fig. 3).

In the period 1970–2008 (common period for both sampling

sites), 17 pointer-years for Dursupe, and 18 for Raíupe

with the intensity values lower than -25 or higher than 25

were identified (Fig. 4). Of those pointer-years, ten were

common for both sampling sites: negative pointer-years

1979, 1981, 1985, 1994, 1999 and 2004; positive pointer-

years 1983, 1988, 1992 and 2007.

For the Dursupe plot there was no statistically significant

correlation between water level and pointer-year value. A

significant correlation was found for this plot between pre-

vious year maximal May water level (positive), as well as

current year minimal May water level (negative), and

tree-ring index (Table 1). For the Raíupe plot, tree-ring in-

dex was significantly negatively related to previous year

(August–December) maximal and mean (September, Octo-

ber) water level, but no correlation was found for current

year water level. Mean water level at Raíupe was positive

correlated with pointer-year value for previous year April

and May.

Only four precipitation amount parameters had a significant

correlation with tree-ring index or pointer-year value, but

these differed between the plots. Dursupe pointer-year in-
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Fig. 3. Residual chronologies and sampling depth for the (A) Dursupe and

(B) Raíupe sampling plots.

Fig. 4. Pointer-year intensity values (higher than 25 or lower than -25) for

the (A) Dursupe and (B) Raíupe sampling plots.



tensity values had significant correlation with six current
year mean temperature parameters, but Raíupe pointer-year
value only with one. All were positive and showed no dif-
ferences between seasons.

The only common climatic factor among the two sampling
plots was season mean temperature, which showed a signifi-
cant correlation with the tree-ring index at Raíupe and
pointer-year value at Dursupe.

DISCUSSION

Trees in the Raíupe plot were much younger than in the
Dursupe plot. This difference might be explained by differ-
ent site history and management. Another reason might be
different growth condition, since black alder usually reaches
an older age on relative dryer soil than on wet soils with a

peat layer (McVean, 1956; Priedîtis, 1997), as in the
Raíupe sampling site.

Increased water level can have negative effect on growth of
black alder (McVean, 1956; Griffiths and McCormick,
1984; Kaelke and Dawson, 1997) as observed by negative
correlation between maximal water level in autumn and De-
cember and tree growth in the Raíupe plot. Black alders are
still actively growing and allocating resources in August for
the next year of growth and possibly also in September
(Hall, Maynard, 1979). Maximum nitrogen fixation in black
alder plants occurs in August (Stewart, 1962; Akkermans et

al., 1976), and extreme water level in this month can influ-
ence nitrogen assimilation (Pizelle, 1984; Kozlowski,
1997). It is known that flooding during the growing season
has greater effect than during the dormant season because it
can cause injury, inhibition of growth (Kozlowski, 1997).
The correlation between water level of previous year Octo-
ber/December and tree ring width may be explained by root
activity. It has been reported (Kozlowski, 1997) that growth
of roots continues in October and throughout the winter, ex-
cept when the ground is frozen. Flooding decreases oxygen
concentration, which in turn limits nutrient availability and
gas exchange for plants, e.g., delays tree root respiration
and therefore water uptake. The decreased nutrient uptake
leads to decreased storage available for growth in the next
year. For the Dursupe site, only current year May water
level had a direct negative influence on growth, due to the
reasons mentioned earlier. However at the Raíupe plot site,
a high water level in previous year April and May had posi-
tive effect on pointer-years. A high water level in April–
May can occur in years when spring begins early and when
a substantial snow cover has accumulated, preventing freez-
ing of the soil.

Although it has been reported that sudden and extreme wa-
ter level changes can substantially influence nitrogen fixa-
tion (Pizelle, 1984; Kozlowski, 1997) and decrease also
photosynthesis and growth, we found a poor relation be-
tween water level and pointer-year intensity values in the
two sampling sites.

Although yearly water level fluctuation was more pro-
nounced in Dursupe then Raíupe (Fig. 2), the response to
water level changes did not showed the same pattern. Both
rivers showed an increase in mean water level after 1975,
but it was not possible to determine if this change had a sig-
nificant impact on the black alder growth, due to insuffi-
cient length of the water level and tree-ring series.

Pointer years were calculated to define years directly related
to climate impact. At Dursupe, pointer-year intensity value
was positively related to January, February and winter mean
air temperature. In Latvia February is the coldest month of
the year and has the lowest precipitation sum. A moderate
temperature during this month can protect the black alder
root system from freezing, especially in years when the
snow cover is not deep. For example, a high negative
pointer-year intensity value occurred in 1985, which was
the second coldest February recorded in Latvia. In this year

T a b l e 1

SIGNIFICANT CORRELATION COEFFICIENTS (P=0.05) BETWEEN
TREE-RING INDEX OF DURSUPE, RAÍUPE RESIDUAL CHRONOL-
OGIES AND POINTER-YEAR INTENSITY VALUE AND CLIMATO-
LOGICAL (PRECIPITATION AMOUNT AND MEAN
TEMPERATURE) AND HYDROLOGICAL (MEAN, MAXIMAL AND
MINIMAL WATER LEVEL) FACTORS

Factor Chronology Pointer-years

Dursupe Raíupe Dursupe Raíupe

Previous year maximal water level

May 0.306

August -0.329

September -0.395

October -0.375

December -0.338

Previous year mean water level

April 0.336

May 0.371

September -0.324

October -0.400

Minimal water level

May -0.310

Previous year precipitation amount

April 0.316

November 0.307

Precipitation amount

January 0.352 0.454

June -0.306 -0.303

Previous year mean temperature

May -0.345

August 0.336

Mean temperature

January 0.301

February 0.341

May 0.344

July 0.315 0.343

Autumn 0.372

Winter 0.368

Season 0.365 0.417
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there was also a very deep snow cover at March. Deep snow
can affect ground water level during the growth period,
which has significant effect on tree cambium activity and
therefore also on vegetative and reproductive growth and
development, as well as storage of nutrients for the next
year. The soil becomes saturated, decreasing oxygen con-
centration, which in turn delays tree root respiration and
water uptake, causing physiological drought (Kozlowski,
1997). At the Raíupe site, pointer-year intensity value was
positively related to January precipitation amount and as in
the Dursupe site this might be related with snow cover pro-
tecting roots.

Maximum precipitation in Latvia occurs in July and Au-
gust, and there is a relatively high level of precipitation also
in June. This has significant effect on seasonal ground water
level. Air temperature during these months can have a direct
effect on growth, or an indirect effect via evapotranspi-
ration, affecting the hydrologic regime, and perhaps result-
ing in less moisture availability. For example, the negative
pointer-year intensity value in 1979 was likely due to a
very cold July, as this was a record low. In the other direc-
tion, the positive pointer-year intensity value in 2006 oc-
curred when temperature in July reached an absolute maxi-
mum.

At the Dursupe site, pointer-year intensity value was posi-
tively related to previous year November precipitation
amount, which might be explained by fact that usually
higher November precipitation amount is related also with
positive temperatures and a prolonged period for root activ-
ity.

Pointer-years did no show stable relation with temperature
for the Raíupe site, as was observed for the Dursupe site.
Pointer-year intensity value was positively correlated only
with autumn mean temperature, which can be explained by
an effect on photosynthesis and therefore on tree storage of
nutrients for the next year (Kozlowski, 1997).

The sensitivity of growth of other alder species to
inter-annual variation in hydrology varies across the land-
scape in relationship to river bank height and, therefore,
depth to water table (Nossov et al., 2010). Thus, the re-
sponse of black alder trees to influence of climatic and hy-
drological factors likely depends on site conditions, i.e. in-
fluence of climatic factor may occur only when the water
level is low. As shown in our study, the spatial variation in
the strength of the relationship of black alder growth to tem-
perature, precipitation, and river level suggests that alder
growth is more susceptible to drought stress on higher river
banks, where the water table is deeper. The strong relation-
ship between alder growth and river level on a low river
bank suggests that alder growth is moisture-limited in these
sites. Different response to water level between at least
partly submerged trees and those growing farther from wa-
ter has been observed also for other tree species (Begin,
2000). In conclusion, black alder trees can be used as a
proxy for water-level reconstruction, in conditions when
they are growing on low river banks.
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ÛDENS LÎMEÒA UN KLIMATISKO FAKTORU IETEKME UZ MELNALKÐÒA RADIÂLO AUGÐANU

Melnalksnis (Alnus glutinosa (L.) Gaertn.) ir plaði izplatîta koku suga Eiropâ un mçrenâs klimata zonas rietumu daïâ. Latvijâ melnalkðòu
meþu daudzums ir ievçrojami krities sakarâ ar meþu nosusinâðanu. Lai prognozçtu nâkotnes izmaiòas saistîbâ ar vides izmaiòâm, ir ïoti
svarîgi saprast ekosistçmu ar melnalksni funkcionçðanu un dinamiku. Koku gadskârtas var izmantot kâ informâcijas avotu par pagâtnes
vides faktoriem. Ðî pçtîjuma mçríis bija noskaidrot meteoroloìisko un hidroloìisko faktoru ietekmi uz melnalkðòa radiâlo augðanu divâs
teritorijâs Latvijâ (Dursupe un Raíupe). Tika noskaidrots, ka melnalkðòa atbilde uz klimatisko un hidroloìisko faktoru ietekmi ir atkarîga
no vietas apstâkïiem, tas ir, klimata ietekmes efekts novçrojams apstâkïos, kad ûdens lîmenis bija zems. Sakarîbas starp melnalkðòa augðanu
un temperatûru, nokriðòiem un ûdens lîmeni telpiskâ variâcija norâda, ka melnalkðòa augðana ir vairâk pakïauta sausuma ietekmei uz
augstâkiem upju krastiem, kur ûdens lîmenis ir zemâks. Melnalkðòi, kas auga uz zemiem upju krastiem, potenciâli var bût izmantojami
ûdens lîmeòu rekonstrukcijai par senâkiem laika periodiem.
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