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At fi rst step, the sensitivity of protected plants to climate 
change was evaluated. Having reviewed scientifi c literature, 
the list of ecological and biological plant features describing 
the sensitivity of species to climate change and reaction 
mechanisms was made. These features describing species 
response to climate change were divided into three types and 
called ‘limiting factors’ (Table 1). 12 factors affecting the 
development of plant population in Lithuania through climate 
change were identifi ed. 

Further in the article they are given under Roman numerals 
and their evaluation method is detailed according to these 
features. Plant features were evaluated by points +1; 0; -1. 
Characteristics that could improve plant condition during the 
climate change were evaluated positively (+1). Characteristics 
that would not affect (improve or worsen) plant condition 
were evaluated neutrally (0). Characteristics that would limit 
plant widespread, movement and survival opportunities after 
climate change were evaluated negatively (-1). All research 
plants from three reserves were evaluated in this system. 
Rare plant features and reaction mechanisms were identifi ed 
according to many scientifi c articles and various databases: 
“The Euro+Med PlantBase“; “United States Department of 
Agriculture. Natural Resources Conservation Service. Plant 
Database“; “Catalogue of Life“; “Online Atlas of British and 
Irish fl ora“, “Flora Europaea“; “E-fl ora BC: Electronic Atlas of 
the Flora of British Columbia“; and “IUCN red list“. 

The evaluation structure of species sensitivity to climate 
change according to different limiting factors are as follows:
 I.  Tolerance of new Lithuanian climate conditions 

(temperature, precipitation
 +1 –  Climate conditions are in favor of species growth
 0 –  Climate condition change does not affect or slightly 

changes distribution 
 -1 – Climate conditions are disadvantaged 
 II.  Ability to adapt to changing climate conditions:
 +1 –  The species is adaptive, tolerates wide range of 

climate conditions, extremities
 0 –  Average adaptability of the species; sensitivity to 

extreme conditions, drought
 -1 –  The species is not adaptive; sensitive to minor 

deviations from exact conditions; tolerates narrow 
range of climate conditions

 III. The importance of frost and snow cover:
 +1 –  The species is residential to conditions of recurring 

frost and changing snow cover, but is not dependent 

on them; the exact period and conditions of 
overwintering is not necessary; may not overwinter 

 0 –  The species may survive recurring frost, but only 
small amount of it 

 -1 –  A long frost period or snow cover is necessary 
to species survival; exact overwintering period 
is necessary; does not survive extreme, changing 
conditions 

 IV. Hydrological regime:
 +1 –  A wide range of hydrological conditions is acceptable
 0 –  A plant is not dependent on exact hydrological 

regime, but tolerates either drought or wet conditions; 
goes extinct after changing hydro regime radically or 
drying the habitats 

 -1 –  A species is sensitive to changes of hydrological 
regime; dependent on exact hydrological regime. 

 V.  The situation of Lithuanian populations (in species 
distribution area zone);

 +1 –  The species is in the northern zone of distribution 
area or near it

 0 –  The species is found in whole Europe or in a bigger 
part of it; Lithuania is in the middle of the area

 -1 –   he species is in southern zone of distribution area or 
near it; distribution area of species in Europe is small 

 VI. Climate needed for growing and widespread:
 +1 –  The species grows in both oceanic and Continental 

climate conditions; in Lithuanian climate conditions 
as well 

 0 –  The species is sub-oceanic or sub-continental, 
avoids some climate conditions uncharacteristic for 
Lithuania

 -1 –  the species grows only in oceanic climate conditions; 
grows only in continental climate conditions 

 VI.  Landscape peculiarities and limitations of species 
distribution:

 +1 –  The species grows both in plains (lowlands) and 
mountains; grows in lowlands and in conditions 
typical for Lithuania and reserves 

 0 –  The species grows in conditions of Lithuanian 
landscape, but is not widely spread; does not grow in 
Lithuanian lowlands; does not show exact widespread 
boundaries 

 -1 –  The species usually grows in the mountains; or in 
conditions that are unlikely for Lithuania, does not 
like slopes, is limited 

Table 1. Plant features determining specie sensitivity to climate change

Plant features determining specie sensitivity to climate change

Features affected by climate change 
directly

Features affected by climate change indirectly:

Defi ning the spread through displacement 
opportunity (geographically)

Defi ning the spread through relation 
with environment and possible threads

1.  Tolerance of new Lithuanian climate 
conditions (temperature, precipitation);

2.  The ability to adapt to changing 
climate conditions;

3.  The importance of frost and snow 
cover;

4. Hydrological regime

5.  The situation of Lithuanian populations 
(in specie distribution areal zone);

6.  Climate needed for growing and spread;
7.  Landscape peculiarities and limitations 

of specie distribution;
8.  Addition of specie individuals from other 

regions after the climate change;

 9.  The level of specie spread in areal;
10.  The condition of the plant in 

Lithuania;
11.  The amount of right habitats for 

specie in Lithuania;
12.  Relationship with other community 

members;
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 VIII.  Addition of species individuals from other regions after 
the climate change:

 +1 –  Possible addition of individuals in the case of area 
displacement 

 0 –  The possibility of addition of individuals in the case 
of displacement is average; species cannot spread 
alone 

 -1 –  The possibility of addition of individuals in the case 
of displacement is low or impossible

 IX. The level of species widespread in the area:
 +1 –  The species is well spread throughout the area; in 

many European countries is not protected 
 0 –  The species is spread, but in some countries is 

protected 
 -1 –  The species is rare in the whole area; included in 

the Red Book of IUNC; protected according to 
international regulations

 X. The condition of the plant in Lithuania:
 +1 –  Conserved species with recreated abundance, 

belonging to 5 (Rs) category 
 0 –  Rare species belonging to 3 (V) category, species of 

undefi ned status belonging to 4 (I) category 
 -1 –  Species going extinct or on the path to extinction 

– 1 (E); vulnerable species with population and 
number of individual rapidly decreasing – 2 (V) 

 XI. The amount of right habitats for species in Lithuania:
 +1 –  Various environmental characteristics for Lithuania 

are appropriate to grow 
 0 –  Appropriate habitats are found in Lithuania, but are 

not widely spread 
 -1 –  The characteristics of the needed habitats are rare in 

Lithuania 
 XII. Relationship with other community members:
 +1 –  The composition of the community may change; 

species is independent; species is competitive 
 0 –  When climate change does not affect the parts of the 

community; or the condition will not change
 -1 –  The species is very sensitive to community changes, 

depends on exact composition of the community; has 
high fi delity 

After evaluating each species sensitivity level, weight 
scores for limiting factors were given. ‘Weight score’ was 
counted as the sum of each score given for all 73 species 

(-1; 0 or +1) (results are given in Fig. 4). In the second part 
recommendations for the change of management of protected 
territories in the next hundred years are given. Having analyzed 
the literature and identifi ed climate change management 
measures offered by scientists, additional protection measures 
were suggested to improve the effectiveness of management 
of Lithuanian protected territories during the climate change. 
All measures were divided into four categories according 
to purpose: direct effect of climate change, existing level of 
rareness, relation to physical and biological environment, 
and geographical limits and limits of widespread. Protection 
measures applied to specifi c species were ascribed to certain 
group. The scheme of protection intensity was also prepared 
on the bases of the scientifi c literature.

Results 

The sensitivity to climate change of plants protected 
in Lithuanian natural reserves

The evaluated plants sensitivity to climate change covered the 
range of scores from -6 to +9. According to total evaluation 
score of sensitivity, plant species were divided into three 
groups. Plants in the fi rst group were those with the score 
interval [-6; -3], in the second group with the score interval 
[-2; +2] and the third one with values of [+3; +9] (Fig. 2).

16% of evaluated plant species belong to I category. These 
species are very sensitive to climate change. Due to the effect 
of climate change the condition of plants may worsen, also 
species have low possibilities to spread. Special protection and 
management plans should be prepared for these groups and 
species themselves should become priority. If radical measures 
to protect these species are not ensured they may become extinct 
both in Lithuanian and European reserves. 20 plant species have 
average sensitivity to climate change and fall into II category. They 
have a balance of restrictive and adaptive features. The climate 
may affect the condition of these species. However, applying 
the right management measures could ensure that the condition 
of II category plant populations should change just a little and 
no damage will be done. Plant species that are least sensitive 
to negative effects of climate change belong to III category. 
These species are superior because of two reasons: one is that 
climate is not a limiting factor (27 species) and the rareness of 

Fig. 2. The division into categories of all protected plants in reserves according to the sensitivity to climate change
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landscape peculiarities of plant widespread, limits (+38); 
addition of individuals from other regions after the climate 
change (+32). According to this, we can claim that geographical 
peculiarities of species widespread and distribution are rarely 
a limiting factor even evaluating climate change effects on 
plants. These factors gave the superiority to the most species 
against restricted distribution plant species.

Only three factors (criteria) had negative value towards 
all plants: the condition of plant species in Lithuania (balance 
-42); the level of species widespread in the area (-6) and 
hydrological regime (-6). All investigated plants were rare 
and protected, but negative “the condition of plant species 
in Lithuania“ balance of scores shows that plants of I and II 
categories form the biggest part in reserves. Also, the level of 
species widespread in the area shows that more plant species 
were rare in the whole area. A great part of protected plants 
are sensitive to hydrological regime – another factor. All other 
factors had positive effect on plant sensitivity, which shows 
that many plants are similar in evaluating the system of these 

criteria. However, this method helps to distinguish a part of 
plants for which those factors show the increased sensitivity 
to climate change. According to every limiting factor negative 
score (-1) highest risks can be predicted for plants in different 
reserves; particular attention should be given to those risks in 
management programs (Fig. 5). 

In the fi rst group of factors which is related to direct 
climate change (I, II, III, IV) we see that the rise of temperature 
is unfavorable for 27% of plants, while the change of 
hydrological regime is unfavorable for 46%. Another group (V, 
VI, VII, and VIII) is related to indirect effect of climate change 
through ability to spread had similar limiting action. The usual 
factor limiting plants was the climatic adaptation of plants 
to exclusively continental or exclusively oceanic climate. 
The third factor group (IX, X, XI, XII) is related to indirect 
effect of climate change through relation to environment and 
other dangers and limiting factors having an impact on plant 
survival. It was identifi ed that when species belong to I and 
II rareness categories (58% of the analyzed plant species in 

Fig. 5. A part of protected plants in different reserves affected by different limiting factors

Fig. 4. The weight scores of evaluation criteria (limiting factors)
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