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Abstract: Aim of the study was to determine the influence of climatic and hydrological changes on 
the growth of Scotch pine (Pinus sylvestris L.) and Black alder (Alnus glutinosa (L.) Gaertn) in the 
Narew National Park over past 50 years. The researches were based on tree increment cores 
extracted from 42 pine trees and 57 alder trees ranging in age from 25 to 88 years and climatic 
(temperature and precipitation for Bialystok) and hydrological (water level of the Narew River) 
data. Standardized data (5-year index) were analysed by species, generation (Y - 21-40 years, M - 
41-60, O - 61-90) and decade using correlation analysis. The results of the study show that pine 
responded more strongly to changes in air temperature and changes in precipitation totals, while 
alder growth was more strongly related to fluctuations in the water level of the Narew River. The 
most variable climatic and hydrological conditions and the most difficult conditions for tree growth 
prevailed in the first and last decades (1971-1980, 2011-2020). The decrease in the water level of the 
Narew River that occurred over the last 50 years did not adversely affect the condition of the trees. 
Analysis of DBH growth rates showed that the younger generations (Y, M) grow faster than the 
older generation (O). One of the reasons for the accelerated tree growth and increased resistance to 
the decline in the water level of the Narew River may be the increase in CO2 concentration in the 
atmosphere. Accelerated tree growth and increased resistance to drought may have certain 
consequences like increased damage from wind as a result of the decrease in wood density or 
decline in the sensitivity of trees to climate and hydrological changes. However, less sensitivity to 
changes in climatic conditions may only apply to older trees. 
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1. Introduction 

In the last 50 years, changes in the rate of tree growth have been observed [1–5]. In central and 
northern Europe there is an acceleration in the growth of the volume of tree stands, while in the 
southern part of the continent there is a decrease [6]. This condition may be due to an increase in air 
temperature [7]. An increase in atmospheric CO2 concentration may also be the cause, but this is a 
matter of dispute. Some studies suggest that the increase resulting from increased atmospheric CO2 
concentration is limited by air temperature [8], water scarcity [9] or nitrogen [10,11]. In contrast, other 
studies indicate that higher atmospheric CO2 concentrations not only accelerate plant growth but 
may also increase their drought tolerance [12,13]. 

In the range of temperature and monthly precipitation values found in the lowlands of Central 
Europe, water availability will become the main environmental factor affecting the variation of 
species growth in the future [14]. The predicted increase in inter-annual variability of precipitation, 
will lead to an increased occurrence of drought phenomena, primarily affecting stands growing on 
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light and shallow soils prone to water loss [15]. In many places, water-sensitive species such as alder 
and spruce can be expected to decline [14]. Species with large ranges, large populations and high 
fecundity are likely to survive and adapt, but may suffer from adaptation delays for several 
generations [16]. Climate change will be associated with changes in tree ranges. Studies show that 
these will mainly affect pine, oak and beech [17]. At the same time, the dieback of black alder (Alnus 
glutinosa (L.) Gaertn.) has also been observed in Europe since the 1990s. Studies suggest the pathogen 
Phytophthora alni subsp. alni is behind the dieback, which is favored by climate change and lowering 
groundwater levels [18]. The results of scenario analyses for the Narew National Park suggest that 
climate change by 2050 may be the most threatening factor to the maintenance of hydrogenic habitats. 
The threat of climate change is particularly high for a scenario with strong increases in air 
temperature and small changes in precipitation totals. A potential decrease in groundwater levels in 
the growing season could exacerbate some of the negative changes in soils and vegetation cover [19]. 

Groundwater and surface water are becoming crucial in the face of ongoing climate change and 
human activities [20]. However, little is known about long-term dynamics, especially of 
groundwater, due to the lack of long-lived historical records. One way may be to reconstruct these 
data using the relationship between water levels and radial growth of woody plants [21–24]. Periods 
of favorable and unfavorable growth conditions, as well as temporary disturbances, are recorded in 
the form of thinner and thicker annual tree rings. This property is used to date events that took place 
in the stand’s past, such as drought, flood or fire [25–27]. The specifics of the species also play an 
important role in analyzing the impact of climate and hydrological changes on trees. Oak, for 
example, is one of the more resilient species of Polish forests to flooding [28], so that this species often 
lacks a response to water fluctuations in the width of the tree rings [29]. Other studies suggest that 
the response to hydrological conditions in oak is pronounced, but only in trees growing in close 
proximity to a water body [21]. Black alder, because of the habitats it occupies, responds more 
strongly to changes in water levels (droughts and floods) than changes in air temperature [30,31]. 
Some studies indicate that the growth of black alder depends mainly on local environmental factors, 
including changing water saturation [32]. Other studies indicate that the response of alder to the 
influence of climatic and hydrological factors depends on habitat conditions, i.e., alder growing in 
drier habitats responded more strongly to climatic factors [30]. Numerous studies indicate the 
potential of black alder as an indicator of hydrological conditions and the possibility of using the 
species’ response to track environmental changes [31] and even manage water resources in areas 
threatened by periods of drought [32,33]. Although the possibility of using alder annual rings to 
reconstruct data on historical water levels may be limited to rivers only [34]. A solution to this 
problem may be the use of pine as an indicator [35,36]. This species is capable of inhabiting extreme 
habitats in terms of both soil and moisture conditions. Pine responds to changes in temperature and 
precipitation making it suitable for describing the interaction between climatic conditions and tree 
growth [7]. 

The purpose of this study was to examine the response of Scots pine (Pinus silvestris L.) and black 
alder (Alnus glutinosa (L.) Gaertn.) to climatic and hydrological changes that have occurred over the 
past 50 years in the Narew National Park. In particular, the decrease in the level of the Narew River, 
the increase in average air temperature and changes in the distribution of total precipitation were 
tested. The vegetation of Narew National Park is shaped by the influence of river water [37,38], so it 
becomes important to answer the question of how changes in climate and water conditions will 
modify the growth of the Park’s forests. The methods of dendrochronology and the responses to these 
changes recorded in the widths of the annual rings of the trees can help in describing the changes 
that have occurred in the past. 

2. Materials and Methods 

The study was conducted in the Narew National Park (Figure 1). Most of the Park’s area is the 
floodplain of the Narew River. Forests are found on the periphery of the Park. Two tree species 
dominate here: black alder (Alnus glutinosa (L.) Ga-ertn) growing in the wetlands, and scotch pine 
(Pinus sylvestris L.) growing on the exalted areas. The downy birch (Betula pubescens Ehrh.) and the 
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silver birch (Betula pendula Roth) are also present, but occupy a relatively small area of the Park’s 
forests. Most of the park’s forests are 41-60 years old. Older and younger stands occur sporadically. 

The research plots selected for the study reflected the species composition of the forests, their 
age and spatial distribution within the Park. We located the research within 21 stands - 10 of pine 
(Peucedano-Pinetum), 10 of alder (Ribeso nigri-Alnetum) and 1 in which both species grew side by side 
(Molinio caeruleae-Pinetum). Most of the study material consisted of stands aged 41-60 years (15 tree-
stands). For the purpose of comparing tree generations, part of the material included younger and 
older generations (6 stands). Within each stand, survey points were randomly drawn using QGIS 3.16 
“Hannover” software. After finding the drawn point in the field with the help of a GPS receiver, the 
tree with the highest biosocial position within 10 meters of the point was selected for the study. 
According to studies, typing trees with the highest biosocial position reduces variability due to 
natural processes of growth and differentiation of stand structure [39–41]. Trees with a single trunk 
were selected for the study, trees in a multi-stem form were avoided due to the risk of including 
regrowth. The selected trees were divided by age generation: young (Y) - 21-40 years old, middle-
aged (M) - 41-60 years old, and old (O), 61-90 years old. 

 
Figure 1. Location of survey plots in Narew National Park. 

In selected trees, diameter at breast height (DBH) and tree height were measured. From each 
selected tree a wood increment core was extracted at breast height (1.3 m from the ground) using a 
Pressler borer on the north-facing side of a trunk. In each stand, borings were obtained from 4 to 8 
trees. A total of 99 samples were obtained in the survey. The final number of trees selected for the 
study and their characteristics are presented in Table 1. Measurements were taken in August 2023. 

Increment core samples obtained in field work were dried, sanded and scanned at 2400 DPI. The 
widths of the annual rings were measured using the program CooRecorder 9.8.1. On this basis, 
individual sequences of annual ring widths were developed. Then, in the program CDdendro 9.8.1 
(www.cybis.se), the correctness of the measurements was checked and the similarity of chronologies 
from individual trees was assessed. The database was enriched with meteorological data from the 
Polish meteorological institute IMGW-PIB (average annual, summer and winter air temperature for 
Białystok and annual, summer and winter precipitation for Suraż for the period 1971-2020) and 
hydrological data (water level in centimeters for the Narew River for the period 1971-2020 for the 
Suraż station). 
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Table 1. Characteristics of the study material. 

Feature Generation Age Alnus Pine 

Number of trees 

1982-2001 (Y) 21-40 14 6 
1962-1981 (M) 41-60 30 29 
1932-1961 (O) 61-90* 13 7 

 All 57 42 

Average DBH±SD 
(cm) 

1982-2001 (Y) 21-40 24.9±6.3 25.0±4.0 
1962-1981 (M) 41-60 34.0±5.5 32.1±4.3 
1932-1961 (O) 61-90* 38.1±5.1 38.3±2.8 

 All 32.7±7.3 32.1±5.4 

Average 
height±SD (m) 

1982-2001 (Y) 21-40 19.4±2.8 18.3±1.6 
1962-1981 (M) 41-60 20.5±2.2 21.8±2.7 
1932-1961 (O) 61-90* 21.8±2.8 23.0±1.0 

 All 20.5±2.6 21.5±2.7 
*oldest pine – 88 years, oldest alder – 86 years. 

The obtained meteorological and hydrological data, as well as the thickness of measured annual 
tree rings, were standardized to form 5-year indices (I5). During the data analysis, correlations were 
calculated between the index of annual tree ring thickness and indices of temperature, precipitation 
and river water level. Analyses were conducted separately for pine and alder in three tree generations 
(Y, M, O) and five decades (1971-1980, 1981-1990, 1991-2000, 2001-2010, 2011-2020). An analysis of 
DBH growth rates by generation and species was also carried out. 

Statistical analyses were performed using non-parametric tests: Kruskal-Wallis ANOVA with 
Dunn-Bonferroni post-hoc test, Mann-Whitney test and Spearman rank correlation test. Tests were 
conducted at a significance level of α = 0.05. PQStat software version 1.8.6 was used for the analyses. 

3. Results 

Over the past 50 years, there has been a +1.7°C increase in average annual air temperature, with 
the strongest increases in the 2011-2020 decade (+0.7°C) and the 1981-1990 decade (+0.5°C) (Table 2). 
Total precipitation oscillated around 550 mm/year for most of the analysis period. The highest annual 
precipitation occurred in the 1971-1980 decade (592.4 mm) and in the 2011-2020 decade (577.8 mm). 
The first and last decades were characterized by the greatest fluctuations in annual precipitation sum. 
During the analysis period, winter precipitation increased and summer precipitation decreased. Over 
the past 5 decades, the average level of the Narew River has also decreased by more than 23 cm. 
However, it should be noted that the largest decrease was recorded from the 1971-1980 decade to the 
1981-1990 decade (22 cm). For the last four decades, the level of the river oscillated between 178-181 
cm. The greatest fluctuations in the river water level have been recorded in the last two decades. The 
annual data are included in the graphs in Appendix A. 

Analyzing the extreme values of the ring width index, it is also possible to separate decades in 
which conditions were more variable and decades in which conditions were stable. Based on the 
average annual number of pine trees that reached extreme values of ring width index (above 1.3 or 
under 0.7), it was shown that in the decade 2011-2020, on average annually, more than 31% of trees 
reached extreme values of the index. About 13.9% reached an index above 1.3 and 17.5% reached an 
index value below 0.7. Similar values were shown for the 1971-1980 and 1981-1990 decades, while the 
1991-2000 and 2001-2010 decades were more stable in this respect. In the case of alder, a smaller 
percentage of trees reaching extreme index values were found, averaging 15.5%. The largest number 
of trees exceeded the extreme value in the decade 1981-1990 (20.1%), and the smallest in the decade 
1991-2000 (11.0%). Analysis for index values below 0.7 shows that alder growth conditions were 
increasingly stable. With each decade, fewer and fewer trees reached an index value below 0.7. The 
number of trees whose growth fell below the 0.7 value was 11.4% of trees per year in the 1971-1980 
decade to 6.4% of trees per year in the 2011-2020 decade. 
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Years in which more than 20% of pine trees developed rings 30% thicker than the five-year 
average (positive characteristic year, index value above 1.3) were: 2017, 2013, 1993, and 1972. Years 
in which more than 20% of pine trees developed rings 30% thinner than the five-year average 
(negative characteristic year, index value below 0.7) were: 2019, 2015, 1995, 1986, 1985, 1980, 1979, 
1977, 1971. In the case of black alder, only two positive characteristic years were found - 1985 and 
2004. The negative characteristic years, however, were: 2018, 2015, 2006, 2003, 1981, 1979. A 
particularly heavy growth year for both species was 2015. 

Table 2. Climatological and hydrological data for Narew National Park and the percentage of trees 
that reached extreme values of the tree width index (below 0.7 or above 1.3) by decade. 

Feature 
Decade 

All 
1971-1980 1981-1990 1991-2000 2001-2010 2011-2020 

 Average±Standard deviation 
Temperat

ure 
(°C) 

Year 6.5±0.9 7.0±1.2 7.2±0.8 7.5±0.5 8.2±0.7 7.3±1.0 
Winter 0.0±1.2 0.3±1.9 0.6±1.3 0.8±1.7 1.4±1.5 0.6±1.5 

Summer 13.0±0.9 13.6±0.6 13.8±0.5 14.4±0.7 14.7±0.8 13.9±0.9 

Rainfall 
(mm) 

Year 592.4±116.3 496.6±65.9 552.7±62.5 553.9±98.2 577.8±85.9 554.7±90.6 
Winter 186.5±66.7 175.2±38.2 188.8±46.6 190.8±39.1 198.3±54.5 187.9±48.6 

Summer 407.0±115.8 326.4±78.8 364.8±59.9 360.8±105.8 378.4±78.8 367.5±90.3 
Narew 

river level 
(cm) 

Year 202.3±19.9 179.9±17.1 180.2±14.2 179.8±25.2 178.5±29.5 184.1±22.9 
Winter 208.2±21.7 192.5±25.2 194.7±18.7 195.2±26.4 197.5±34.6 197.6±25.4 

Summer 196.5±26.0 167.3±23.1 165.8±15.7 164.4±25.3 159.5±26.0 170.7±26.2 

pI5≥1.3 * Pine 11.3±7.3 11.4±4.3 9.4±5.0 9.6±4.5 13.9±7.9 11.1±5.9 
Alder 7.2±5.3 9.1±6.5 4.0±3.0 8.1±7.9 4.3±4.3 6.5±5.8 

pI5≤0.7 * 
Pine 16.4±7.3 14.5±7.3 12.6±3.9 11.8±5.2 17.5±9.8 14.6±7.1 

Alder 11.4±7.8 11.0±6.8 7.0±3.3 9.3±8.4 6.4±8.3 9.0±7.4 
* pI5 – average annual percentage of trees by number that have reached 5-year width index below 0.7 or above 
1.3. 

Correlations between the ring width index and indices of temperature, precipitation and river 
water level were relatively low, and their strength varied by decade (Table 3). We recorded 
statistically significant correlations mainly in the first (1971-1980) and last decade (2011-2020). 

Pine responded more strongly to changes in air temperature and changes in precipitation, and 
alder to changes in river levels. Pine growth was favored by warm winters, while it was limited by 
warm summers. Also, higher rainfall was correlated positively with a greater increase in pine 
thickness. River level was marginally correlated with radial growth in pine. Similarly, in Alder, 
higher temperature interacted negatively and higher precipitation positively with tree growth. River 
water level was relatively strongly correlated with radial growth in alder, with the relationship taking 
negative values in the first decade (1971-1980, r=-0.24) and positive values in the last decade (2011-
2020, r=0.25) for the remaining decades the correlation was low and not statistically significant. 
Despite significant correlations within selected decades, for the material as a whole, the alder ring 
width index did not correlate with the temperature, precipitation and Narew river level indexes. 

Table 3. The value of the correlation index between the ring width index and the indices of 
temperature, precipitation and the water level of the Narew River depending on the species and 
decade. 

Decade 
Temperature Rainfall Narew river level 

Yr S W Yr S W Yr S W 
Pine 

1971-1980 0.11 -0.01 -0.02 0.20* 0.28* -0.001 0.12* -0.02 0.06 
1981-1990 -0.11* -0.06 0.01 0.12* 0.23* -0.07 0.04 0.18* -0.12* 
1991-2000 -0.01 -0.01 0.17* -0.04 -0.18* -0.01 -0.03 -0.02 0.04 
2001-2010 0.05 -0.20* 0.31* 0.07 0.09 0.14* -0.08 -0.08 -0.04 
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2011-2020 -0.08 -0.31* 0.15* 0.16* 0.05 0.03 0.11* 0.06 0.06 
All -0.02 -0.15* 0.13* 0.12* 0.11* 0.02 0.02 0.04 -0.003 

Alder 
1971-1980 -0.04 0.13* -0.14* 0.03 0.08 -0.05 -0.24* -0.16* -0.17* 
1981-1990 0.01 0.01 -0.07 0.01 0.05 0.05 0.01 0.07 -0.05 
1991-2000 -0.06 -0.11 0.08 0.12* 0.05 0.01 -0.04 -0.05 -0.02 
2001-2010 0.16* 0.08 0.11* -0.04 0.01 -0.07 -0.15* -0.11* -0.10* 
2011-2020 -0.15* -0.04 -0.13* 0.17* 0.24* 0.13* 0.25* 0.19* 0.21* 

All -0.02 0.02 -0.02 0.06 0.09 0.02 -0.003 0.02 0.01 
Yr – year, S – summer (April-September), W – Winter (October-March). * significant correlation at α = 0.05 
(Spearman’s rank correlation coefficient). 

The analysis showed that the age of trees also plays an important role in the trees’ response to 
climatic and hydrological factors. The influence of the analyzed climatic and hydrological factors 
manifested itself differently depending on the age of the trees. The youngest generation of trees often 
reacted differently from the oldest generation. In the decade 2001-2010, pine from generation Y 
reacted negatively to an increase in annual air temperature, generation M was neutral, and generation 
O reacted positively. The increase in summer temperature negatively affected the growth of the 
young and middle-aged generation of pines, but had little effect on the growth of the oldest 
generation. An increase in winter temperature and an increase in winter precipitation had a positive 
effect on the growth of pine trees, but the strength of the correlation increased with their age. In the 
decade 2011-2020, which was a decade characterized by harsher conditions compared to earlier 
decades, the trees’ responses changed. An increase in annual and summer air temperature began to 
negatively affect the oldest generation, and an increase in winter temperature began to negatively 
affect the growth of the youngest generation. At the same time, the increase in precipitation favored 
the radial growth of pine trees of generation Y, while generations M and O were not significantly 
affected by this feature. 

Alder trees also responded differently to climatic and hydrological factors depending on the 
generation. The little variable growth conditions prevailing in the decade 2001-2010 meant that 
within the second generation we did not show significant correlations between the ring width index 
and indices of temperature, precipitation and river water level. However, significant correlations 
were present within the older generations. The tree thickness increment of the M and O generations 
was favored by an increase in annual air temperature. Warmer summers favored the growth of the 
O generation, and warmer winters favored the growth of the M generation. Precipitation did not 
generally affect the growth of alder trees, with the exception of winter precipitation whose increase 
negatively affected the thickness increment of the O generation. In the decade 2001-2010, also changes 
in the river level did not correlate with the growth of tree thickness except for the O generation in 
which the increase in the river level in winter and summer negatively affected the growth of trees. In 
the decade 2011-2020, the situation changed. An increase in temperature had a negative effect, while 
an increase in precipitation or river level had a positive effect on the growth of alder trees. At the 
same time, the impact was greatest in the younger generation and decreased with the age of the trees. 
The oldest generation reacted the least to changes in climatic-hydrological factors during this decade. 
A significant correlation was shown only in the case of winter precipitation totals, which significantly 
affected the increase in the thickness of the annual tree rings of this generation. 

Table 4. The value of the correlation index between the ring width index and the indices of 
temperature, precipitation and the water level of the Narew River depending on the species and 
generation in the decades 2001-2010 and 2011-2020. 

Species Generation 
Temperature Rainfall Narew river level 

Yr S W Yr S W Yr S W 

Pine 
Decade 2001-2010 

Y -0.22 -0.25* 0.10 0.05 0.08 0.07 -0.06 -0.09 -0.15 
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M 0.05 -0.23* 0.31* 0.06 0.08 0.13* -0.05 -0.08 -0.15* 
O 0.30* -0.05 0.46* 0.13 0.11 0.30* 0.19 0.03 0.11 

Decade 2011-2020 
Y -0.19 -0.32* -0.25* 0.54* 0.35* 0.30* 0.17 0.18 0.21 
M -0.03 -0.29* 0.17* 0.04 -0.01 -0.04 -0.02 -0.02 0.01 
O -0.16 -0.36* 0.07 0.08 0.04 0.10 0.10 0.12 0.15 

Alder 

Decade 2001-2010 
Y 0.08 0.05 -0.02 -0.05 -0.06 0.03 0.01 -0.02 0.04 
M 0.19* 0.03 0.21* -0.06 0.06 -0.07 -0.11 -0.15* -0.16* 
O 0.18* 0.24* -0.02 0.01 -0.02 -0.16* -0.08 -0.12 -0.03 

Decade 2011-2020 
Y -0.25* -0.03 -0.16* 0.20* 0.30* 0.22* 0.29* 0.30* 0.30* 
M -0.16* -0.06 -0.12* 0.19* 0.25* 0.12* 0.15* 0.17* 0.17* 
O -0.02 -0.01 -0.10 0.09 0.15* 0.08 0.12 0.11 0.11 

Yr – year, S – summer (April-September), W – Winter (October-March). * significant correlation at α = 0.05 
(Spearman’s rank correlation coefficient). 

Analysis of the rate of growth of DBH showed that the younger generations grow faster than 
the older generations (Table 5). We found statistically significant differences mainly between old 
generation and the middle-aged and young generations. The differences increased with increasing 
DBH. For a DBH equal to 25 cm, statistically significant differences were found between all 
generations. It took the Y generation an average of 24.5 years to reach DBH of 25 cm, the M generation 
reached it at 37.9 years, and the O generation at 62.1 years.. In the case of alder, significant differences 
were shown only between the oldest generation and the other generations. It took alders of 
generation Y an average of 25.3 years to reach DBH of 25 cm, trees of generation M took 32.4 years, 
while alders of generation O reached this DBH at the age of 44.5 years. 

Analysis of the thickness increment of pine and alder trees growing in the same tree-stand 
(Molinio caeruleae-Pinetum) showed addition correlations between the values of increment indices of 
trees of both species, which means that the trees responded similarly to changing climatic and 
hydrological conditions. 

Table 5. The average number of years needed to achieve a given DBH values by pine and alder trees 
from different generations. 

 Generation 
Diameter at Breast Height (DBH) in cm 

10 cm 15 cm 20 cm 25 cm 30 cm 
Average age±Standard deviation 

Pine 
Y 8.3±2.3 B 17.0±6.8 B 23.0±6.1 B 24.5±2.1 C 32.0* 
M 11.2±4.3 AB 19.3±6.9 B 29.9±9.4 B 37.9±9.2 B 43.7±10.3 B 
O 15.4±7.1 A 33.4±9.8 A 49.1±8.2 A 62.1±7.2 A 74.7±8.3 A 

 Alder 
Y 10.4±3.3 B 18.3±5.7 B 21.4±4.2 B 25.3±5.9 B 29.0* 
M 12.2±5.6 B 19.7±7.2 AB 27.4±9.5 AB 32.4±8.9 B 39.3±10.3 B 
O 17.8±5.2 A 27.2±8.4 A 37.3±9.3 A 44.5±9.8 A 52.9±12.0 A 

* Only 1 pine and 2 alders reach DBH equal 30 cm. Different capital letters of the alphabet next to the number of 
years indicate statistically significant differences between means at α = 0.05 (Kruskal-Wallis test with Bonferroni 
post-hoc test or Mann-Whitney test for 30 cm DBH). 

4. Discussion 

It was confirmed studies indicating that black alder, due to the environment of its occurrence, 
responds more strongly to changes in water levels than changes in temperature and precipitation 
[30,31]. Describing research also confirmed the results of Wilczynski [7] according to whom pine 
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increases radial growth in years characterized by warm winters and years with abundant summer 
precipitation. The analogous result of our work confirms Wilczynski’s conclusion that the response 
of pine to climatic conditions may be transregional. It is worth noting that, Wilczynski’s research was 
conducted in the south-eastern part of Poland while our research was conducted in the northeastern 
part. However, can alder be used as an indicator of hydrological conditions and pine as an indicator 
of climatic conditions? According to our research, yes, provided that generational changes are taken 
into account. The results of our study showed that the younger generation of trees often reacted 
differently than the oldest generation, both to changes in climatic and hydrological conditions. An 
increase in summer temperature could generate a decrease in growth in the young generation of 
pines and an increase in growth in the old generation of pines. Similarly, in alder, a year with high 
river water levels could generate higher growth in the younger generation of trees and have no effect 
on growth in the older generation. The results obtained correspond with those of Au et al. [42] on the 
effects of drought sensitivity of young and old trees across five continents. Their research showed 
that the response to drought of the young generation of trees is stronger than that of the older 
generation, but that the young generation regenerates more quickly after the drought subsides. Our 
research indicates that the response of the youngest generation of pines, both positive and negative, 
to changes in climatic conditions is usually stronger than that of the oldest generation. This occurs 
not only in pines, but also in alders in response to changes in fluctuations in river water levels and 
changes in air temperature. It should be noted that this phenomenon did not occur in decades 
characterized by favorable growth conditions. Given this, it may be a common phenomenon. This 
topic requires further research, especially in determining the reasons for the different response of 
trees of different ages to changes in climatic and hydrological conditions. 

The above considerations lead to another point. In our study, we did not find deteriorating 
growth conditions for pine and alder in Narew National Park. During the study period, there were 
decades characterized by large fluctuations in river level and precipitation and temperature (1971-
1980 and 2011-2020), which had a significant impact on tree growth. The decrease in the water level 
of the Narew River and the increase in average air temperature that occurred during this period also 
changes in the distribution of precipitation did not negatively affect the condition of the trees. We 
have shown that with each successive decade in the alder population there were fewer and fewer 
trees with a ring width index below the value of 0.7. It was also noticed that subsequent generations 
of trees reach a given DBH value in a shorter time. Thus, we did not confirm studies suggesting a 
decline in the ability of this species to adapt to changing climatic and hydrological conditions [14,18]. 
The reasons for this situation can be seen in the improvement of alder growth conditions as a result 
of partial drying of the habitat where it occurs. However, this thesis is contradicted by the fact that 
increased growth also occurred in pines growing in poor habitats and outside the river’s influence. 
Another cause may be the increase in CO2 concentration in the atmosphere. This would confirm 
research suggesting that as the concentration of CO2 in the atmosphere increases, plants not only 
grow faster but also increase their resistance to drought [5,6,12,13]. The cause may also be a 
phenomenon causing the wood to compress inside the tree trunk as its thickness increases. 
Explaining this issue requires research taking into account data from long-term tree measurements 
combined with dendrochronological data. The small sample size may also affect the results. Of the 
99 trees included in the research, only 20 were the young generation and 20 the old generation. Of 
these, there were only 6 pines of the young generation and 7 pines of the oldest generation. 
Nevertheless, these results correspond with the results of other studies indicating the acceleration of 
tree growth in recent decades [5]. 

Accelerated tree growth and increased resistance to drought may have certain consequences. 
Faster growth means wider rings and greater tree thickness, which, however, will result in lower 
wood density. This may generate a greater risk of tree breakage. Therefore, the accelerated growth 
rate of trees may generate greater damage to the tree stand as a result of wind activity. In protected 
areas such as national parks and reserves, this will not be seen as a problem, as higher susceptibility 
of trees to breakage can generate greater structural diversity of the forest. Higher tree susceptibility 
can be a significant problem in managed stands and will require changes in management techniques 
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for such areas. Another consequence may be a decrease in the sensitivity of trees to climate and 
hydrological changes. Some studies indicate that oak may respond poorly to changes in water levels 
[29]. This property is due to the phenomenon of Cladoptosis, i.e., the shedding branches in response 
to stress. In case of drought or prolonged flooding, this phenomenon helps the tree to reduce 
transpiration and survive the period of harsh conditions. Thanks to this, this species is highly 
resistant to droughts and flooding [28]. Assuming that an increase in CO2 concentration in the air will 
increase the resistance of other tree species to water level fluctuations, then species such as alder may 
become less useful as an indicator of hydrological conditions. Alder is considered a typical indicator 
species of hydrological conditions [31–34]. In a situation where trees are less sensitive to changes in 
climatic and hydrological conditions, the usefulness of some dendrochronological methods may also 
come into question. However, taking into account the research of Pila and Kaczka [21], it can be 
assumed that in trees growing in the immediate vicinity of water bodies, the response to hydrologic 
factors will always be strong. Considering the research of Au et al. [42], the response of young trees 
to changes in climatic conditions should be even stronger in situations of accelerated tree growth. 
The problem, if it occurs, may only apply to studies using old trees to describe the current state of the 
climate. 

5. Conclusions 

The results indicate that pine responded more strongly to climatic factors such as air 
temperature and annual precipitation, while alder thickness growth was more strongly related to 
water level fluctuations in the Narew River. Our research indicates that the response of the youngest 
generation of pines and alders, both positive and negative, to changes in climatic and hydrological 
conditions is usually stronger than that of the oldest generation. Analysis of DBH growth rates also 
showed that younger generations (Y, M) reach a given breast height value in a shorter time than older 
generations of pines and alders. One of the reasons for the accelerated growth of the trees and 
increased resistance to the decline in the Narew water level may be the increase in atmospheric CO2 
concentration. Accelerated tree growth and increased resistance to drought may have certain 
consequences like increased damage from wind as a result of the decrease in wood density or decline 
in the sensitivity of trees to climate and hydrological changes. However, less sensitivity to changes 
in climatic conditions may only apply to older trees. 
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Figure A1. Average air temperature for Białystok in the years 1970-2020. 

 

Figure A2. Average, maximum and minimum annual water level in the Narew River in the years 
1970-2020. 

 

Figure A3. Total precipitation for the town of Suraż in the years 1970-2020. 
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