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northern hemisphere makes phenological observations a 
sensitive indicator (Schnelle and Volkert 1974; Chmielewski 
and Rötzer 2001; Chmielewski et al. 2013; Piao et al. 2019). 
Although the majority of phenological studies have been 
conducted in the Northern Hemisphere, research from the 
Southern Hemisphere is essential to provide a global per-
spective. To get a more comprehensive view of the global 
impacts of phenological changes, we need to first focus on 
research in the global South. Transdisciplinary research 
needs to become the norm, both to aid progress towards 
CBD targets and to improve our understanding of the 
ramifications of these responses to global climate change 
(Hickinbotham et al. 2025). Phenology varies greatly over 
broad geographic gradients, according to climate zone and 
vegetation type, with substantial interannual variability in 
the timing and duration of the growing season related to 
the interannual climatic variations. Phenology also varies 

Introduction

Phenology is a field of ecological science that studies the 
timing of periodic biological events in relation to climatic 
variations, which studies the annual rhythm of the biologi-
cal development of plants and, the relationship with cli-
matic variations is recognized as a global issue that needs 
to be investigated at the local level. The strong relation-
ship between air temperature and plant development in the 
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Abstract
The phenology of plants varies greatly over broad geographic gradients, according to climate zone and vegetation type. 
Phenological records were collected from 2007 to 2024 at KUBG, which is one of the 89 gardens belonging to the Inter-
national Phenological Gardens (IPG No. 151). The garden is located in Western Lithuania, close to the Baltic Sea coastline 
(about 3.5 km) (55°42′40″N 21°7′50″E). For the analysis, only 5 species were chosen. The average annual air temperature 
in Klaipėda is 7.9 °C. The coldest period is January-February, where the average air temperature is -1.0 °C. The warm-
est period occurs in July-August (aver. 18.2 °C). The autumn temperature of the last season had the most influence: the 
strong correlation was with leaf unfolding of all trees, as well as strong or moderate correlation with the beginning and full 
flowering of Salix viminalis and Syringa ×chinensis. Only the precipitation of last autumn and precipitation of January-
February had a statistically significant influence on spring phenophases. Salix viminalis had the longest vegetation period 
(224 days) while the Sambucus nigra had the shortest one − 187 days. Precipitation during January-February had a strong 
or moderate positive correlation with the leaf unfolding of all examined trees, as well as a moderate positive effect for 
beginning and full flowering of Syringa chinensis. The summer and autumn temperature had a negative relation for both 
vegetation periods. The strongest correlation appeared between summer temperature and vegetation period of Corylus 
avellana and Sambucus nigra. These findings highlight the importance of long-term phenological monitoring as a sensitive 
indicator of climatic variability and as a tool for ecosystem management and climate adaptation strategies.
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within populations, and the phenology of individual plants 
plays a key role in the determination of how ecosystems 
are structured and how they function (Cleland et al. 2007). 
According to the authors, the average global temperature 
has increased by 0.2  °C per decade over the past thirty 
years. This means, the climate warming process has an 
influence on the sequence of biological processes (IPCC 
2021; Chapin et al. 2008; Hughes 2000; Lesica and Kittel-
son 2010; Woods et al. 2022).

For phenological observations, countries and regions 
around the world participate in various networks. One of the 
longest-running phenological networks is in Europe, where 
monitoring by the German Weather Service (DWD) began 
in 1922. Later, observations became part of the International 
Phenological Garden (IPG) network, which was established 
in 1959 (Schnelle and Volkert 1974; Chmielewski et al. 
2013; http://ipg.hu-berlin.de). The first project PEP725, 
comprises observations of 139 plants and 33 development 
phases, late national phenological networks and the Inter-
national Phenological Gardens (IPGs; ​h​t​t​p​:​/​/​i​p​g​.​h​u​-​b​e​r​l​i​n​.​d​
e​​​​​; Chmielewski and Rötzer 2001). A major goal of phenol-
ogy is to understand the effects of climate on plant devel-
opment. The usual phenological network established within 
a region may elucidate local patterns to some extent, but 
the information is not precise enough to evaluate research 
hypotheses. Variations in plant development may arise from 
hereditary factors, as well as from location ones (Schnelle 
and Volkert 1974).

Different plant species have evolved different life strate-
gies based on different trade – offs, between survival and 
capacity adaptations, and consequently different species’ 
phenological responses are also expected (Downs and 
Borthwick 1956; Murray et al. 1989; Heide 1993, 2008).

Therefore, studying these differences and their implica-
tions is particularly important for evaluating the impacts of 
climate change at the ecosystem level. The aim of this work 
was to identify the climatic factors that influence the phenol-
ogy of different plant species. More broadly, this research 
seeks to document and analyze phenological patterns, which 
are essential for understanding periodic biological events in 
plants and their relationships with seasonal and climatic 
variations. In addition, the study contributes to understand-
ing how living organisms respond to environmental and 
climatic changes, thereby providing valuable insights for 
advancing scientific knowledge, supporting conservation 
efforts, and improving natural resource management.

Materials and methods

Phenological records were provided by the International 
Phenological Gardens (IPG) database, which has been the 
Physical Geography/Landscape Ecology and Sustainable 
Ecosystem Development KU Eichstätt-Ingolstadt ​(​​​h​t​t​p​s​:​/​/​i​
p​g​.​k​u​.​d​e​​​​​​)​ since 2023. The International Phenological Gar-
dens (IPG) conduct large-scale, standardised phenological 
observations. Therefore, all IPGs are situated in similar sur-
roundings. To eliminate heritable variability, cloned species 
of all trees and shrubs are planted in the IPGs with a unique 
ID number that is the same in all gardens.

Study site

Phenological records were collected from 2007 to 2024 at 
Klaipeda university botanical garden (KUBG), which is one 
of the 89 gardens belonging to the International Phenologi-
cal Gardens (IPG No. 151). The garden is situated in west-
ern Lithuania, approximately 3.5  km from the Baltic Sea 
coast (55°44’58.428”N, 21°8’17.315”E) - altitude − 9 m.

The garden is situated at the riverbank on a plain sur-
face with meadows and some trees. The climate zoning is 
transitional between the mild maritime climate of West-
ern Europe and the continental climate of Eastern Europe, 
dominated by westerly air masses coming from the Atlantic 
Ocean (Galvonaite et al., 2013). The distance between KU 
Botanic garden and Klaipėda metrology station (LHMS) is 
about 3 km, the micro-locations are influenced by the sea 
and surrounded by trees, therefore the data is quite accu-
rate. Therefore, during winters, the air temperature is a few 
degrees below freezing, while summers are mild to pleas-
antly warm. The average annual air temperature in Klaipėda 
is 7.9 °C. The coldest period is January-February, when the 
average air temperature is −1.0  °C (min − 26.0  °C). The 
warmest period occurs in July-August (average 18.2  °C, 
max 36.6  °C (LHMS 2025), Fig.  1A). Over the last half 
century, the average annual air temperature in Klaipeda has 
increased by 1.2 °C (Dailidienė et al. 2023). Meanwhile, the 
number of days when daily air temperatures are negative 
decreased by 0.71 days per year, or 22.7 days in 32 years 
(Fig. 2, data were taken from LHMS (2025).

The long-term average annual precipitation on the 
coastal area is 762 mm per year (1991–2024, LHMS 2025). 
The driest period is in the spring – April (monthly mean/
min/max – 31/2.5/73 mm), the wettest period is in October 
(monthly mean/min/max – 95/8.9/204 mm) (Fig. 1B).
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Phenological observations

KUBG has been a part of the IPG network since 2005, while 
plant observation started in 2006. In the first step, 13 cloned 
plants were obtained from Humboldt University in Berlin 
(Germany).

In 2018, there were 19 species growing and being 
observed. However, for the analysis, only 5 species were 
chosen; others were disregarded because the plants did 
not bloom due to their youth. The selected indicator spe-
cies were: Corylus avellana, Salix ×smithiana, Salix 
viminalis, Sambucus nigra, and Syringa ×chinensis ‛Red 

Fig. 2  The number of days 
with average negative daily air 
temperatures. Data from LHMS 
(2025)

 

Fig. 1  Long term (y. 1991–2024) 
data at Klaipėda meteorological 
station: A – monthly average 
(± SD) of air temperature, B – 
monthly sum (± SD) of pre-
cipitation. Daily data taken from 
LHMS (2025)
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native, and their vegetation period starts in early spring. 
The data of all observed plants were taken from the IPG 
page (IPGs; https://ipg.ku.de) (Table  1). An 18-year data 
series (2007–2024) was used for the analysis. In this study, 
the 5 vegetation phenophases were observed: leaf unfold-
ing (UL), beginning of flowering (BF), full flowering (FF), 
autumn leaf colouring (CL), and leaf fall (FL), as well as the 
two plant vegetation periods, one from the beginning of leaf 
unfolding up to leaf colouring (UL-CL), and second, from 
beginning of leaf unfolding up to leaf fall (UL-FL) because 
for certain species in our study, leaf colouring is not promi-
nent, whereas leaf fall is clearly observable.

Data analysis

Firstly, statistical correlations were tested between monthly 
and interseasonal variations of temperature (monthly aver-
age) and precipitation (monthly sum) as abiotic factors, and 
different phenophases. The best correlations appeared when 
seasonal data were applied. Therefore, the latest were used 
for the redundancy analysis (RDA). Both correlation and 
RDA were applied to test the relationships between the abi-
otic factors (seasonal average of air temperature, number 
of days with average negative daily temperature, and sum 
of precipitation) used as explanatory variables and trees’ 
phenophases (UL, BF, FF, CL, FL, UL-CL, and UL-FL) as 
response variables, using Brodgar (2000) and R (3.3.3) pack-
ages. Brodgar generated RDA biplots that were interpreted 
based on the directions and lengths of explanatory factor 
lines and response variable lines (Zuur et al. 2007). For the 
spring phenology, the climatic data (summer, autumn) of 
previous years were used; therefore, the RDA was applied 
separately for spring and autumn plant phenology.

Results

A comparison of the phenophases of all studied plants 
revealed several distinctive characteristics. Vegetation (UL) 
of early species started on average after 93 (± 21), 98 (± 21), 
and 101 (± 16) days (in days from 1 st January) for S. vimi-
nalis, S. smithiana, and C. avellana, respectively. For these 
three species, beginning of flowering (BF) and full flow-
ering (FF) phenophases started earlier than leaf unfolding 
(UL) (Figs.  3 and 4). The non-local species S. nigra and 
S. chinensis started their growing season later, around April 
22nd −23rd (day 114 ± 9) on average (Figs. 3 and 4).

All studied plants, except S. nigra, showed a delay in 
the leaf unfolding during the last 18 years. The most pro-
nounced and significant delay was observed for the C. avel-
lana, S. smithiana and S. viminalis (Fig. 3). However, the 
beginning of flowering for the S. nigra tended to be earlier 

Rothomagensis’ (Table  1). All these species are common 
in the Northern Hemisphere and in Lithuania too, except 
the last two species (S. nigra and S. chinensis), which are 
not native to Lithuania, and their vegetation period begins 
in late spring or early summer. The other three species are 

Table 1  List of plants investigated in Klaipėda UBG phenological gar-
den
No. Iden-

tify 
No.

Species of the plant, origin Locality Taxo-
nomic 
family

1 324 Salix ×smithiana Willd. (Ger-
many) = S. smithiana
The basket willow grows in 
northern continental Europe and 
in North Asia. It is cultivated to 
produce wickerwork like bas-
kets of the extremely long rods. 
In KUBG IPG height 8.2 m, 
width – 6 m.

Local Sali-
caceae 
Mirb.

2 326 Salix viminalis L. (Ger-
many) = S. viminalis
The basket willow grows in 
northern continental Europe and 
in North Asia (native to Europe, 
Western Asia, and the Himala-
yas). It is cultivated to produce 
wickerwork like baskets of the 
extremely long rods. In KUBG 
IPG height – 5.2 m, width 
– 9 m.

Local Sali-
caceae 
Mirb.

3 331 Sambucus nigra L. (Ger-
many) = S. nigra
The common elder is one of the 
most common shrub species 
in Central Europe. It has been 
introduced to parts of most other 
continents of the world. Both 
the flowers and the berries have 
a long tradition of culinary use. 
In KUBG IPG height 4 m, width 
– 3 m.

Introduced Sam-
buca-
ceae 
Batsch 
ex 
Borkh.

4 411 Corylus avellana L. = C. 
avellana
The common hazel is wide-
spread in large parts of Europe, 
Asia Minor, and the Caucasus. 
It is known for its edible hazel 
nuts. In KUBD IPG height 
6.5 m, width – 4.5 m.

Local Betu-
laceae 
Gray

5 431 Syringa ×chinensis ‛Red Rotho-
magensis’ = S. chinensis
Syringa is native to woodland 
and scrub from southeastern 
Europe to eastern Asia, and 
widely and commonly cultivated 
in temperate areas elsewhere. 
Syringa ×chinensis was a result 
of hybridisation of several spe-
cies in 1770 in Rouen (France). 
In KUBG IPG height 3 m, width 
– 2.5 m.

Introduced Ole-
aceae 
Hoff-
manns 
et 
Link.
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positive correlation with leaf unfolding of all examined 
trees, as well as a moderate positive effect on the beginning 
and full flowering of S. chinensis. However, precipitation 
during the spring (explained 16% of variation) had a nega-
tive correlation with leaf unfolding of some examined trees: 
C. avelana, S. smithiana and S. chinensis.

No single season’s temperature could significantly 
explain the variation in spring phenology timing. Nev-
ertheless, variations in January–February temperatures 
explained 18% of the variability observed in spring pheno-
phases, while autumn temperatures accounted for 15% of 
the observed variation. The most influential factor was the 
autumn temperature of the last season: strong or moderate 
correlations were with leaf unfolding of all trees, as well 
as a moderate correlation with beginning and full flowering 
of C. avelana. The temperature of January-February had a 

compared to the 18 previous years (Fig. 3). The other plants 
didn’t show any significant changes. For all tree species 
studied, full flowering (FF) began on average 11–15 days 
after the beginning of flowering (Fig. 4).

Based on the RDA analysis, the environmental variables 
contributed to 56% of the variability observed in the spring 
phenological characteristics, with two axes capturing 74% 
of the total variation (Fig. 5). Only precipitation in January-
February (Prec_I_II) had the statistically significant influ-
ence on spring phenophases, it explained 33% (p = 0.003) 
of the variation.

Precipitation from last autumn explained 11% of the 
variation and showed a moderate positive correlation with 
full flowering of C. avelana, while exhibiting a moderate 
negative correlation with leaf unfolding of S. viminalis. Pre-
cipitation during January-February had a strong or moderate 

Fig. 3  Changes in beginning of leaf unfolding (UL, green triangles and linear regression line) and the beginning of flowering (BF, red dots and 
linear regression line), shown in days starting from January 1 (DOY)
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In the examined plants, leaf colouring primarily began 
in October (Fig. 6). Throughout the observation period, S. 
smithiana began leaf colouration the earliest, on August 14, 
2007. In contrast, Sambucus nigra demonstrated the earliest 
average onset of both leaf colouration and leaf fall among 
the remaining species, occurring on October 1 st and 22nd, 
respectively. The other species showed a delay in these phe-
nophases of approximately one to two weeks.

Autumn phenophases were stable for all examined plants 
over the last 18 years, except Salix species. The leaf colour-
ing tends to appear slightly earlier of S. viminalis, while leaf 
fall begins slightly later of both Salix species over the last 
18 years (Fig. 7).

The vegetation period from the beginning of leaf unfold-
ing till leaf colouring (UL-CL) appeared much more varied 
compared to the vegetation period from UL until FL (UL-
FL). Nevertheless, the longest vegetation period on average 
was S. viminalis 219 ± 17 days (UL-FL) and 188 ± 32 days 
(UL-CL), while the S. nigra had the shortest one – 183 ± 13 
days (UL-FL) and 160 ± 20 days (UL-CL) (Fig. 6).

According to the RDA analysis, the environmental fac-
tors accounted for 45% of the variance in the autumnal phe-
nophases and vegetation period duration, while two axes 
explained 80% of the variation (Fig. 8). The different plant 
species reacted differently to the climatic factors. The most 
significant influence on autumnal phenological phases was 
summer air temperature, explaining 43% (p = 0.001) of the 
variability. Air temperature of autumn explained 26%, while 
precipitation during summer and autumn accounted for 23% 
and 28% of the variability respectively. However, the influ-
ences of these parameters were not statistically significant.

The summer temperature had a moderate positive effect 
on the beginning of leaf fall of both Salix species, as well as 

moderate positive correlation with the leaf unfolding of S. 
viminalis and with the flowering phenology of S. chinensis.

The sum of days with negative average air temperature 
(Fig.  5) of the previous season explained only 7% of the 
variation and was closely related to the S. nigra full flower-
ing phases but was not statistically significant.

Fig. 5  Influence of the monthly sum of precipitation (Prec_) and the 
monthly average of temperature (Temp_) of different seasons, and the 
sum of days with negative average air temperature (Neg_days) of the 
previous season on trees’ spring phenology. (I_II – January and Febru-
ary, C.ave. – C. avellana, S.smi. – S. smithiana, S.vim. – S. viminalis, 
S.nig. – S. nigra, S.chi. – S. chinensis, UL – beginning of leaf unfold-
ing, BF – beginning of flowering, FF – full flowering)

 

Fig. 4  Plant phenophases (Box 
plots min, max, median, and 
25% and 75% quartiles). UL 
– beginning of leaf unfolding, 
BF – beginning of flowering, FF 
– full flowering, CL – beginning 
of leaf colouring, FL – beginning 
of leaf fall
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Fig. 7  Changes in beginning of leaf colouring (CL, red squares and linear regression lines) and the number of days till leaf fall (FL, blue rhombus 
and linear regression lines), shown in days starting from January 1 (DOY)

 

Fig. 6  Duration of the plant 
vegetation periods from the 
beginning of leaf unfolding till 
leaf colouring (UL-CL, top bars) 
and till leaf fall (UL-FL, bottom 
bars)
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leaf fall. The correlation of precipitation during the sum-
mer was weak with S. nigra and both Salix species, while 
precipitation during autumn had a moderate correlation with 
both Salix species and S. chinensis and was weak with C. 
avellana.

The summer and autumn temperatures had a negative 
correlation for both vegetation periods (UL-FL and UL-CL). 
The strongest correlation appeared between summer tem-
perature and UL-CL vegetation period of C. avellana and S. 
nigra. For other species, the correlation was moderate.

weak (for S. smithiana, S. nigra, and C. avellana) or mod-
erate (for S. viminalis) negative correlation for the begin-
ning of leaf colouration, i.e. the higher the temperature in 
the summer the earlier leaf colouration starts. However, the 
autumnal higher temperature had a moderate positive effect 
on the beginning of leaf fall of both Salix species and was 
weak to S. chinensis, i.e. the leaf fall started later.

Higher amounts of precipitation in the summer and 
autumn had weak positive or no influence on the beginning 
of leaf colouration; however, these factors stimulated earlier 

Fig. 8  Influence of the season sum of precipitation (Prec_) and the 
monthly average of temperature (Temp_) of different seasons on to 
trees’ autumn phenology. (C.ave. – C. avellana, S.smi. – S. smithiana, 
S.vim. – S. viminalis, S.nig. – S. nigra, S.chi. – S. chinensis, CL – 

beginning of leaf colouring, FL – beginning of leaf fall, UL_CL – veg-
etation from the beginning of the unfolding leaves till leaf colouring, 
and UL_FL – vegetation from the beginning of the unfolding leaves 
till leaf fall)
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Baltic countries, Latvia and Lithuania, during the observa-
tion period of 1971–2000, Corylus vegetation started earlier 
in locations closer to the Baltic Sea. Data also showed that 
the plants with the earliest spring leaf unfolding were very 
sensitive to climate change. Ahas et al. (2002) studies show 
that throughout the 1951–1998 spring phenological phases 
of C. avellana began earlier in Western Europe and the Baltic 
Sea regions. Thus, this species is probably one of the most 
climate-affected species in terms of phenology. Data from 
the PEP725 phenological database indicate a shift toward 
earlier flowering and delayed leaf unfolding in C. avellana 
across Europe (http://www.pep725.eu), aligning with our 
18‑year observation that flowers appear earlier while leaves 
are unfolding later despite warmer temperatures. Other 
observed trees (Salix, Syringa) also showed similar delays 
in leaf unfolding (Fig.  3). Most probably, it was not the 
increase in temperature that affected it, but the tendency of 
the air temperature transition from 0 °C to a higher tempera-
ture to be delayed, i.e., the delay in the beginning of spring 
(Galvonaitė et al. 2007). Meanwhile, it has been observed 
that higher summer temperatures lead to faster leaf coloura-
tion and shorter vegetation UL-CL period, but later leaf fall. 
Despite the obvious influence of temperature, its impact was 
statistically significant only on autumnal phenophases.

So phenological data also allow researchers to identify 
critical climate change indicators, such as the effect of win-
ter warming on the onset of spring phases or the impact 
of precipitation patterns on leaf development. Systematic 
long-term observations enable assessment of interseasonal 
climate variability, understanding of ecosystem adaptation 
mechanisms and development of predictive models for bio-
logical processes under changing climatic conditions.

Hydrological data suggest divergent seasonal precipita-
tion trends across Europe: winter precipitation has increased 
in many regions, whereas summer and autumn precipitation 
have shown a decreasing or stable trend (Kovats et al., 2014; 
IPCC 2021). This applies to Klaipeda as well, with rising 
winter rainfall and declining autumnal and summer precipi-
tation (Galvonaitė et al. 2007; LHMS 2025). Although those 
changes are small – a few or a few tens of millimetres - 
higher precipitation in the winter months resulted in later 
leaf unfolding, and this effect was statistically significant 
(Fig. 8). Precipitation in Western Lithuania is the lowest in 
the spring months (Fig.  1B), and a trend was observed – 
more precipitation during these months promoted faster leaf 
spreading.

Comprehensive understanding of plant responses to 
climate change and the development of robust predictive 
models require consistent, long-term studies. Although 
such studies are gradually emerging, they remain largely 
isolated and country-specific, underscoring the need for 
systematic analysis and aggregation of existing datasets. 

However, precipitation had the opposite effect. More pre-
cipitation during the summer extended the vegetation season 
for C. avellana (both for UL-FL and UL-CL), S. smithiana 
(UL-FL), and S. chinensis (UL-FL), while precipitation in 
autumn prolonged the vegetation season for S. nigra (UL-
CL, UL-FL) and C. avellana (UL-CL).

Discussion

Phenological observations are one of the most important 
(and sometimes the only) sources of information on the 
physiological condition of plants and their reactions to 
external forcing (Sparks and Menzel 2002; Menzel et al. 
2006; Klimienė, et al., 2016). Climate is a dynamic system 
that changes gradually over time. From 1961 to 2020, the 
average annual air temperature along the Baltic Sea coast in 
Lithuania rose by 1.2 °C (Dailidienė et al. 2023). The num-
ber of days with average negative daily air temperatures 
has decreased by 10 days over the past 30 years (Fig. 2). 
Although the annual amount of precipitation in Klaipeda 
changed slightly, intense precipitation, when 20  mm or 
more precipitation falls per day, increased (LHMS 2025). 
Plants tend to adapt to changes by adjusting their phenol-
ogy. Long-term observations and systematic data collection 
are essential for monitoring climate change, conducting 
thorough analysis, and drawing realistic conclusions.

Climate analyses indicate a strong warming during the 
winter months across Europe (EEA 2004). Over the past 
40 years, there has also been a significant increase in sum-
mer air temperatures. The smallest temperature increase has 
been observed in autumn; even, a slight decrease (− 0.1 °C) 
can be seen in October (Dailidienė et al. 2023). This aligns 
with the observations of seasonal temperature patterns, 
where winter shows a slight but consistent warming trend 
in Klaipėda region as well (Dailidienė et al. 2023; LHMS 
2025). This may explain why our observations indicated a 
stronger impact of climate change on spring phenophases 
(Fig. 3) than on autumnal ones (Fig. 7). The beginning of 
phenological spring in Lithuania is related to the start of the 
vegetation of C. avellana, which is indicated differently by 
different authors, for example, Klimienė et al. (2016) indi-
cated C. avellana beginning of blooming in North Lithu-
ania on 4th of April on average, Romanovskaja et al. (2012) 
specified March 27th, while our the latest observation data 
showed that flowering has begun on March 10th on average.

In Eastern European countries, the vegetation of C. avel-
lana is more distinct and exhibits a stronger dependence on 
climatic factors. Comparison of the onset of flowering of 
local C. avellana at KUBG IPG indicates that during 2007–
2024, it occurred 14 days earlier than in the reference period 
1961–2010. Kalvane et al. (2009) had evaluated that in the 
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