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ABSTRACT

�ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ŝƐ  ƌĞƐŝƐƚĂŶƚ  ƚŽ  ǁŝŶĚ  ĚĂŵĂŐĞƐ͕  ƐŚĂĚĞͲƚŽůĞƌĂŶƚ͕  ŝŶ  ŵĂŶǇ  
ĐŽƵŶƚƌŝĞƐ  ĐŽŵŵĞƌĐŝĂůůǇ  ƐŝŐŶŝĮĐĂŶƚ  ĂŶĚ  ŝƚ  ƌĂƌĞůǇ  ĂīĞĐƚĞĚ  ďǇ  ĐĞƌǀŝĚƐ͘  �ƵƌƌĞŶƚůǇ  
>ĂƚǀŝĂ  ŝƐ  ŽƵƚƐŝĚĞ  ŽĨ  ŝƚƐ  ŶĂƚƵƌĂů  ĚŝƐƚƌŝďƵƟŽŶ  ĂƌĞĂů͘  ,ŽǁĞǀĞƌ͕   ĂĐĐŽƌĚŝŶŐ  ƚŽ  ƚŚĞ  
ƉƌŽŐŶŽƐŝƐ  ŽĨ  ĐůŝŵĂƚĞ  ĐŚĂŶŐĞ͕  ĂůƌĞĂĚǇ  ŝŶ  ƚŚŝƐ  ĐĞŶƚƵƌǇ  Ăůů  ƚĞƌƌŝƚŽƌǇ  ŽĨ  ŽƵƌ  ĐŽƵŶƚƌǇ  
ǁŝůů ďĞ ƐƵŝƚĂďůĞ ĨŽƌ ďĞĞĐŚ͘ /ƚƐ ĂĐƚƵĂů ƐƉƌĞĂĚ ŝŶ >ĂƚǀŝĂ ǁŝůů ƉƌŝŵĂƌŝůǇ ďĞ ĚĞƚĞƌŵŝŶĞĚ  
ďǇ  ĨŽƌĞƐƚ  ŵĂŶĂŐĞŵĞŶƚ  ĚĞĐŝƐŝŽŶƐ͘  ^ƵĐŚ  ĚĞĐŝƐŝŽŶƐ  ƌĞƋƵŝƌĞ  ƐĐŝĞŶƟĮĐ  ŝŶĨŽƌŵĂƟŽŶ͕  
ƚŚĞƌĞĨŽƌĞ Ăŝŵ ŽĨ ƚŚĞ ƚŚĞƐŝƐ ǁŽƌŬ ŝƐ ĂƐƐĞƐƐ ƚŚĞ ŐƌŽǁƚŚ ƉŽƚĞŶƟĂů ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ 
ŝŶ >ĂƚǀŝĂ ŝŶ ĐŽŶƚĞǆƚ ŽĨ ĐůŝŵĂƚĞ ĐŚĂŶŐĞ͘ dŚĞƐŝƐ ĂƌĞ ďĂƐĞĚ ŽŶ ĚĂƚĂ ĨƌŽŵ ŵĂũŽƌŝƚǇ ŽĨ 
ŬŶŽǁŶ ďĞĞĐŚͲĚŽŵŝŶĂƚĞĚ ĨŽƌĞƐƚ ƐƚĂŶĚƐ ŝŶ >ĂƚǀŝĂ͘ 

�ĚĂƉƚĂƟŽŶ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ  ŝŶ  >ĂƚǀŝĂ ŚĂƐ ďĞĞŶ ƐƵĐĐĞƐƐĨƵů͗  ƌĞŐĞŶĞƌĂƟŽŶ  
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ĐĂƵƌŵĤƌĂථƉŝĞĂƵŐƵŵƵ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϯ

^��/E
:hD/͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϲ
Z�<KD�E�
�/:�^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϳ
W�d�/�5��^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϴ
ϭ͘ථ'�E�Z�>ථ��^Z/Wd/KE͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϵ

ϭ͘ϭ͘ථdŽƉŝĐĂůŝƚǇථŽĨථƚŚĞථƚŚĞŵĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϵ
ϭ͘Ϯ͘ථ�ŝŵථŽĨථƚŚĞථƚŚĞƐŝƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϭ
ϭ͘ϯ͘ථZĞƐĞĂƌĐŚථƚĂƐŬƐථŽĨථƚŚĞථƚŚĞƐŝƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϭ
ϭ͘ϰ͘ථdŚĞථƚŚĞƐŝƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϭ
ϭ͘ϱ͘ථ^ĐŝĞŶƟĮĐථŶŽǀĞůƚǇ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϭ
ϭ͘ϲ͘ථ�ƉƉƌŽďĂƟŽŶථŽĨථƌĞƐĞĂƌĐŚථƌĞƐƵůƚƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϭ



Ϯ͘ථD�d�Z/�>^ථ�E�ථD�d,K�^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϮ
Ϯ͘ϭ͘ථ/ŶŇƵĞŶĐĞථŽĨථůŝŐŚƚථĐŽŶĚŝƟŽŶƐථŽŶථŶĂƚƵƌĂůථƌĞŐĞŶĞƌĂƟŽŶථŽĨථ�ƵƌŽƉĞĂŶ    
ďĞĞĐŚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϮ
Ϯ͘Ϯ͘ථ'ĞŶĞƟĐථĚŝǀĞƌƐŝƚǇථŽĨථƚŚĞථƐĞĐŽŶĚථŐĞŶĞƌĂƟŽŶ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϯ
Ϯ͘ϯ͘ථ^ƵƌǀŝǀĂůථĂŶĚථŐƌŽǁƚŚථŽĨථ�ƵƌŽƉĞĂŶථďĞĞĐŚ ƐĞĐŽŶĚ ŐĞŶĞƌĂƟŽŶ ŝŶ ĐĞŶƚƌĂů    
ƉĂƌƚථŽĨථ>ĂƚǀŝĂ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϰ
Ϯ͘ϰ͘ථ,ĞŝŐŚƚථŝŶĐƌĞŵĞŶƚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϰ
Ϯ͘ϱ͘ථ/ŶŇƵĞŶĐĞ ŽĨ ŵĞƚĞŽƌŽůŽŐŝĐĂů ĨĂĐƚŽƌƐ ŽŶ ƌĂĚŝĂů ŐƌŽǁƚŚ ŽĨ ĚŝīĞƌĞŶƚ    
ĚŝŵĞŶƐŝŽŶථďĞĞĐŚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϱ

ϯ͘ථZ�^h>d^ථ�E�ථ�/^�h^^/KE͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϱ
ϯ͘ϭ͘ථ&ĂĐƚŽƌƐ ĂīĞĐƟŶŐ ŶĂƚƵƌĂů ƌĞŐĞŶĞƌĂƟŽŶ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ ŝŶ ĐůĞĂƌĐƵƚ    
ĂƌĞĂƐථĂŶĚථƵŶĚĞƌථĐĂŶŽƉǇ͕ ථĂŶĚථŐĞŶĞƟĐථĚŝǀĞƌƐŝƚǇථŽĨථƐĞĐŽŶĚථŐĞŶĞƌĂƟŽŶ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϱ
ϯ͘Ϯ͘ථ^ƵƌǀŝǀĂů ĂŶĚ ŐƌŽǁƚŚ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ ƐĞĐŽŶĚ ŐĞŶĞƌĂƟŽŶ ƐƚĂŶĚƐ ŝŶ    
ĐĞŶƚƌĂůථƉĂƌƚථŽĨථ>ĂƚǀŝĂ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϵ
ϯ͘ϯ͘ථ,ĞŝŐŚƚථŝŶĐƌĞŵĞŶƚථŽĨථ�ƵƌŽƉĞĂŶථďĞĞĐŚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϭ
ϯ͘ϰ͘ථ/ŶŇƵĞŶĐĞ ŽĨ ŵĞƚĞŽƌŽůŽŐŝĐĂů ĨĂĐƚŽƌƐ ŽŶ ƌĂĚŝĂů ŐƌŽǁƚŚ ŽĨ ĚŝīĞƌĞŶƚ    
ĚŝŵĞŶƐŝŽŶථďĞĞĐŚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϮ

�KE�>h^/KE^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϱ
Z��KDD�E��d/KE^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϲ
>/d�Z�dnZ�^ ̂ �Z�<^d^ථͬථREFERENCES͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϳ
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1. DARBA VISPĀRĪGS RAKSTUROJUMS

1.1. Tēmas aktualitāte

�ŝƌŽƉĂƐ  ĚŝǎƐŬĈďĂƌĚŝƐ  ;Fagus sylvatica  >͘Ϳ  ŝƌ  ŝǌƉůĂƤƚĈŬĈ  ŬŽŬƵ  ƐƵŐĂ  ůĂƉƵ  ŬŽŬƵ 
ŵĞǎŽƐ  �ĞŶƚƌĈůĞŝƌŽƉĈ͘  aŽďƌţĚ  ƚĈ  ĂƌĞĈůƐ  ǌŝĞŵĞŲŽƐ  ƉůĞƓĂƐ  ůţĚǌ  sĈĐŝũĂƐ  ǌŝĞŵĞŲĚĂŲĂŝ͕ 
�ĈŶŝũĂŝ͕  �ǀŝĞĚƌŝũĂƐ  ĚŝĞŶǀŝĚĚĂŲĂŝ͕  WŽůŝũĂŝ͘  �ƵƐƚƌƵŵƵ  ƌŽďĞǎĂ  ƐĂƐŶŝĞĚǌ  hŬƌĂŝŶƵ͕ 
DŽůĚĈǀŝũƵ͕ �ƵůŐĈƌŝũƵ͘ �ƌĞĈůĂ ĚŝĞŶǀŝĚƵ ĚĂŲĂ ŝĞƚǀĞƌ �ĂůŬĈŶƵ ƉƵƐƐĂůƵ͕ �ƉĞŶţŶƵ ŬĂůŶƵƐ͕ 
^ŝĐţůŝũƵ͕  ^ƉĈŶŝũƵ  ;>ĞƵŐŶĞƌŽǀĄ͕  ϮϬϬϳͿ͘  >ĂƚǀŝũĂ  ĂƚƌŽĚĂƐ  ĈƌƉƵƐ  ĚŝǎƐŬĈďĂƌǎĂ  ĚĂďŝƐŬĈƐ 
ŝǌƉůĂƤďĂƐ ĂƌĞĈůĂ͕ ƵŶ ŵƻƐƵ ǀĂůƐƤ  Ɠţ  ŬŽŬƵ  ƐƵŐĂ  ƐĂƐƚŽƉĂŵĂ  ŝǌŽůĤƚĈƐ ƉůĂƤďĈƐ͘  dŽŵĤƌ 
ƟĞŬ ƉƌŽŐŶŽǌĤƚƐ͕ ŬĂ  ũĂƵ  ůţĚǌ Ϯϭ͘ථŐĂĚƐŝŵƚĂ ďĞŝŐĈŵ ĚĂǎĈĚƵ ƐƵŐƵ ŝǌƉůĂƤďĂƐ ĂƌĞĈůŝ ǀĂƌ 
ďƻƟƐŬŝ  ŵĂŝŶţƟĞƐ  ŬůŝŵĂƚĂ  ƉĈƌŵĂŝźƵ  ĚĤŲ  ;,ŝĐŬůĞƌ  et al͕͘  ϮϬϭϮͿ͘  �ŝƌŽƉĂƐ  ƚĞƌŝƚŽƌŝũĈ  
ƐĂŐĂŝĚĈŵĂ ŐĂůǀĞŶŽŬĈƌƚ ƐƵŐƵ ƉĈƌǀŝĞƚŽƓĂŶĈƐ ǌŝĞŵĞŲƵ ǀŝƌǌŝĞŶĈ ;tĂůƚŚĞƌ et al.͕ ϮϬϬϮ͖ 
<ƵůůŵĂŶ͕  ϮϬϬϴͿ͘  WƌŽŐŶŽǌĞƐ  ůŝĞĐŝŶĂ͕  ŬĂ  �ŝƌŽƉĂƐ  ĚŝǎƐŬĈďĂƌǎĂ  ĂƵŐƓĂŶĂŝ  ƉŝĞŵĤƌŽƚĂŝƐ 
ĂƌĞĈůƐ  ůţĚǌ ŐĂĚƐŝŵƚĂ ǀŝĚƵŵ  ŝĞƚǀĞƌƐ Ăƌţ ǀŝƐƵ >ĂƚǀŝũĂƐ ƵŶ  /ŐĂƵŶŝũĂƐ  ƚĞƌŝƚŽƌŝũƵ  ;<ƌĂŵĞƌ 
et al͕͘ ϮϬϭϬͿ͘ dŽŵĤƌ ƓţƐ ŬŽŬƵ ƐƵŐĂƐ ĨĂŬƟƐŬŽ ŝǌƉůĂƤďƵ ŶŽƚĞŝŬƐ ƐĂŝŵŶŝĞĐŝƐŬĈ ĚĂƌďţďĂ͘ 
�ĂďŝƐŬŝ ĚŝǎƐŬĈďĂƌĚŝƐ  ŝǌƉůĂƚĈƐ  ůĤŶŝ͕  ũŽ  ƚĈ  ƐĤŬůĂƐ  ŝƌ  ƐĂůţĚǌŝŶŽƓŝ  ƐŵĂŐĂƐ͘  ^ĤŬůĂƐ  ŝǌƉůĂƚĂ 
ƉƵƚŶŝ ƵŶ ƉĞŲǀĞŝĚţŐŝĞ ŐƌĂƵǌĤũŝ͖ ƉĤƤũƵŵŝ ůŝĞĐŝŶĂ͕ ŬĂ ǀŝĚĤũĂŝƐ ƐĤŬůƵ ŝǌƉůĂƤƓĂŶĈƐ ĂƩĈůƵŵƐ 
ŝƌ ĂƉƚƵǀĞŶŝ ϯϬථŵ ŶŽ ƐĤŬůƵ ŬŽŬĂ͕ ƚĈůĈŬĈ ĚŝƐƚĂŶĐĤ ŝǌƉůĂƚĈƐ ŶĞŶŽǌţŵţŐĂ ĚĂŲĂ ŶŽ ǀŝƐĈŵ 
ƐĤŬůĈŵ ;�ŽďƌŽǀŽůŶǉ͕  Θ dĞƐĂƎ͕  ϮϬϭϬͿ͘ >ĂƚǀŝũĂƐ ƌŝĞƚƵŵƵ ĚĂŲĈ ǀĞŝŬƚƐ ƉĤƤũƵŵƐ ůŝĞĐŝŶĂ͕ ŬĂ 
ĚŝǎƐŬĈďĂƌǎĂ ĚĂďŝƐŬĈƐ  ŝǌƉůĂƤƓĂŶĈƐ ĈƚƌƵŵƐ ǀĂƌĤƚƵ ďƻƚ ϯ͘ϰථŵ ŐĂĚĈ ;^ĂďƵůĞථ>͕͘ ϮϬϬϵͿ͘  
^ĤŬůƵ ƌĂǎĂƐ ŐĂĚŝ ĚŝǎƐŬĈďĂƌĚŝŵ ŝƌ ƌĞƟ ƵŶ ŶĞƌĞŐƵůĈƌŝ͕ ůŝƚĞƌĂƚƻƌĂƐ ĂǀŽƚŽƐ ŶŽƌĈĚţƟ ĚĂǎĈĚŝ 
ŝŶƚĞƌǀĈůŝ͘  /ǌƚĞŝŬƟ  ďĂŐĈƤŐĂ  ƌĂǎĂ  ƐĂŐĂŝĚĈŵĂ  ĂƉŵĤƌĂŵ  ŝŬ  ƉĤĐ  ēĞƚƌŝĞŵ  ůţĚǌ  ƐĞƓŝĞŵ  
ŐĂĚŝĞŵ ;WĞŸĂ et al͕͘ ϮϬϭϬͿ͕ ƉĤĐ ĐŝƚƵ ĂƵƚŽƌƵ ĚĂƟĞŵ ʹ  ŝŬ ƉĤĐ ƐĞƓŝĞŵ ůţĚǌ ĚĞǀŝźŝĞŵ 
ŐĂĚŝĞŵ  ;'ŝĞƐĞĐŬĞ  et al͕͘  ϮϬϬϳ͖  sĂŶĚĞƌƐ͕  ϭϵϲϬĂͿ͘  �ŝǎƐŬĈďĂƌĚŝƐ  ůĂďŝ  ĂƉƉƵƚĞŬƐŶĤũĂƐ  
ƟŬĂŝ  ƐǀĞƓĂƉƉƵƚĞƐ  ĐĞŲĈ͕  ƚĈ  ƉƵƚĞŬƓźŝ  ŝƌ  ƐĂůţĚǌŝŶŽƓŝ  ƐŵĂŐŝ  ƵŶ  ůŝĚŽ  ŶĞůŝĞůƵ  ĂƩĈůƵŵƵ͕  
ƚĈƉĤĐ ŐĂĚŽƐ Ăƌ ŵĂǌĈŬ ďĂŐĈƤŐƵ ǌŝĞĚĤƓĂŶƵ ƐǀĞƓĂƉƉƵƚĞ  ŝƌ ĂƉŐƌƻƟŶĈƚĂ͕ ŬĈ  ƌĞǌƵůƚĈƚĈ  
ƓĈĚŽƐ  ŐĂĚŽƐ  ůŝĞůĈŬĈ  ĚĂŲĂ  ƐĤŬůƵ  ŝƌ  ƚƵŬƓĂƐ  ;sĂŶĚĞƌƐ͕  ϭϵϲϬĂͿ͘  WĤĐ  ďĂŐĈƤŐĂ  ƐĤŬůƵ  
ƌĂǎĂƐ ŐĂĚĂ ƉĂĂƵŐĈ ƐĂƐƚŽƉĂŵŝ ƉĂƚ ϯϱϬථϬϬϬ ƵŶ ǀĂŝƌĈŬ ĚŝǎƐŬĈďĂƌǎƵ ƐĤũĞźŝ Ƶǌ ŚĞŬƚĈƌĂ͕  
ŶŽ  ŬƵƌŝĞŵ  ƉĤĐ  ŐĂĚĂ  ŝƌ  ŝǌĚǌţǀŽũƵƐŝ  ĂƉƚƵǀĞŶŝ  ƉƵƐĞ  ;sĂŶĚĞƌƐ͕  ϭϵϱϳͿ͘  �ŝǎƐŬĈďĂƌǎĂ  
ŝǌƉůĂƤƓĂŶŽƐ  ĂƉ  ƐĤŬůƵ  ĂǀŽƟĞŵ  ŝĞƚĞŬŵĤ  Ăƌţ  ŝŶƚĞŶƐţǀĂ  ũĂƵŶĂƵĚǎƵ  ŬŽƉƓĂŶĂ  ʹ  ũĂ  
ŶŽŐĂďĂůĈ  ŬĈ  ŵĤƌŭĂ  ƐƵŐĂ  ŶĂǀ  ŶŽƚĞŝŬƚƐ  ĚŝǎƐŬĈďĂƌĚŝƐ͕  ƚĂĚ͕  ǀĞŝĐŽƚ  ũĂƵŶĂƵĚǌĞƐ 
ŬŽƉƓĂŶƵ͕  ƟŬƐ  ĂƚƐƚĈƟ  ƟŬĂŝ  ĂƚƐĞǀŝƓŭŝ  ĞŬƐĞŵƉůĈƌŝ͕  ŶĞǀŝƐ  ƐĂŐůĂďĈƟ  ǀŝƐŝ  ĚǌţǀŽƚƐƉĤũţŐŝĞ  
ĚŝǎƐŬĈďĂƌǎŝ͘ 

WĤƤũƵŵŝ  �ŝƌŽƉĈ  ůŝĞĐŝŶĂ͕  ŬĂ  ĚŝǎƐŬĈďĂƌĚŝƐ  ŝƌ  ƉƌĞƚ  ǀĤƚƌƵ  ŝĞƚĞŬŵŝ  ŶŽƚƵƌţŐĂ͕ 
ĤŶĐŝĞƤŐĂ͕  ƉĈƌŶĂĚǎƵ ŵĂǌ  ďŽũĈƚĂ  ƵŶ  ĚĂƵĚǌǀŝĞƚ  Ăƌţ  ŬŽŵĞƌĐŝĈůŝ  ŶŽǌţŵţŐĂ  ŬŽŬƵ  ƐƵŐĂ͘ 
IĞŵŽƚ  ǀĤƌĈ  ƓţƐ  ţƉĂƓţďĂƐ͕  ŬĈ  Ăƌţ  ƐĂŐĂŝĚĈŵŽ  ŬůŝŵĂƚĂ  ŝǌŵĂŝźƵ  ƉŽǌŝƤǀŽ  ŝĞƚĞŬŵŝ  Ƶǌ 
ĚŝǎƐŬĈďĂƌĚŝ ǀĂŝƌĈŬƵŵĈ �ĂůƟũĂƐ  ũƻƌĂƐ  ƌĞŔŝŽŶĂ  ;,ĂŶĞǁŝŶŬĞů et al͕͘ ϮϬϭϯͿ͕  ũĂƵ  ƓŽďƌţĚ  
ĂƚƐĞǀŝƓŭĈƐ  ǀĂůƐƤƐ  ƟĞŬ  ǀĞŝĐŝŶĈƚĂ  ƚĈ  ƉůĂƓĈŬĂ  ŝǌŵĂŶƚŽƓĂŶĂ͘  /ƌ  ďƻƟƐŬŝ  ĚĞƚĂůŝǌĤƟ  
ƌĂŬƐƚƵƌŽƚ  ĚŝǎƐŬĈďĂƌǎĂ  ĂƚũĂƵŶŽƓĂŶŽƐ  ƵŶ  ĂƵŐƓĂŶƵ  ŝĞƚĞŬŵĤũŽƓŽƐ  ĨĂŬƚŽƌƵƐ  >ĂƚǀŝũĈ͕  
ƌĂĚŽƚ  ƉĂŵĂƚƵ  ƓţƐ  ŬŽŬƵ  ƐƵŐĂƐ  ƉůĂƓĈŬĂŝ  ƉŝĞůŝĞƚŽƓĂŶĂŝ  ŵĞǎƐĂŝŵŶŝĞĐţďĈ͘  �ŝǎƐŬĈďĂƌǎĂ 
ŬŽŬƐŶĞ  ƟĞŬ  ƵǌƐŬĂƤƚĂ  ƉĂƌ  ǀĤƌƤŐƵ͕  ƚĈ  ŝƌ  ĚĞŬŽƌĂƤǀĂ͕  ƵŶ  ƟĞŬ  ŝǌŵĂŶƚŽƚĂ  ŝĞŬƓƚĞůƉƵ  



ĂƉĚĂƌĤ͕  ĚƵƌǀţŵ͕  ŵĤďĞůĤŵ͕  ƉĂƌŬĞƚĂŵ͕  ŬĈ  Ăƌţ  ĮŶŝĞƌĂ  ƵŶ  ƉĂƉţƌĂ  ƌĂǎŽƓĂŶĈ 
;ǀŽŶ  tƺŚůŝƐĐŚ͕  ϮϬϬϴ͖  �ŽƌŶ͕  ϮϬϭϭͿ͘  <ŽŬƐŶĞƐ  ŬǀĂůŝƚĈƚĞ  ŝƌ  ĂƚŬĂƌţŐĂ  ŶŽ  ƐƚƵŵďƌĂ 
ţƉĂƓţďĈŵ͕  ĂƵĚǌĞƐ  ŬŽƉĤũĈƐ  ŬǀĂůŝƚĈƚĞƐ͕  ĂƵŐƐŶĞƐ  ţƉĂƓţďĈŵ  ƵŶ  ĂƚďŝůƐƚŽƓĂƐ  ĂƵĚǌĞƐ  
ĂƉƐĂŝŵŶŝĞŬŽƓĂŶĂƐ ;WŽůũĂŶĞĐ͕ Θ <ĂĚƵŶĐ͕ ϮϬϭϯͿ͘ 

WĤĐ ůŝƚĞƌĂƚƻƌĂƐ ĚĂƟĞŵ ǀĂƌ ƐĞĐŝŶĈƚ͕ ŬĂ ĚŝǎƐŬĈďĂƌǎĂ ƐƚĈĚţũƵŵŝ >ĂƚǀŝũĂƐ ƚĞƌŝƚŽƌŝũĈ 
ŝĞƌţŬŽƟ  ũĂƵ  ĂƉ  ϭϴ͘ථŐĂĚƐŝŵƚĂ  ǀŝĚƵ͕  ŝǌŵĂŶƚŽũŽƚ  ƚŽƐ  ŵƵŝǎƵ  ƵŶ  ƉŝůƐĤƚƵ  ƉĂƌŬŽƐ  ƵŶ 
ĂƉƐƚĈĚţũƵŵŽƐ  ;&ƌĞŝďĞ͕  ϭϴϬϱͿ͘  WŝƌŵĈƐ  ǌŝŶĈŵĈƐ  ŵĞǎĂƵĚǌĞƐ  ŝĞƌţŬŽƚĂƐ  ϭϴ͘ථŐĂĚƐŝŵƚĂ 
ďĞŝŐĈƐ  ;sĂŶĚĞƌƐ͕  ϭϵϲϬďͿ͘  >Ăŝ  ŐĂŶ  ĚŝǎƐŬĈďĂƌĚŝƐ  >ĂƚǀŝũĈ  ŝƌ  ŝŶƚƌŽĚƵĐĤƚĂ  ƐƵŐĂ͕  ƚŽŵĤƌ 
ũĂƵ ϮϬ͘ථŐĂĚƐŝŵƚĂ ǀŝĚƻ <͘ථsĂŶĚĞƌƐ ƵǌƐŬĂƤũŝƐ͕  ŬĂ ĚŝǌƓŬĈďĂƌĚŝƐ  ŝƌ ƉŝůŶţŐŝ ŶĂƚƵƌĂůŝǌĤũŝĞƐ  
<ƵƌǌĞŵĤ  ;sĂŶĚĞƌƐ͕  ϭϵϱϳͿ͘  WĂƌ  ƚŽ  ůŝĞĐŝŶĂ  ĚŝǎƐŬĈďĂƌǎĂ  ƐĂƐƚŽƉĂŵţďĂ  ƉĂƚ  ƚƌţƐ  ƐƚĈǀŽƐ  
ƵŶ  ĚĂǎĈĚŽƐ  ǀĞĐƵŵŽƐ  ƐƚĈĚţƚĂũĈƐ  ŵĞǎĂƵĚǌĤƐ͕  ŬĈ  Ăƌţ  ƉĂƌŬŽƐ͘  �ŝǎƐŬĈďĂƌĚŝƐ  >ĂƚǀŝũĈ  
ĂƚũĂƵŶŽũĂƐ  ĚĂďŝƐŬŝ  ŐĂŶ  ǌĞŵ  ŬŽŬƵ  ǀĂŝŶĂŐƵ  ŬůĈũĂ͕  ŐĂŶ  ĂƉŬĈƌƚĤũĈƐ  ƚĞƌŝƚŽƌŝũĈƐ  ;�ŽůƚĞ 
et al͕͘  ϮϬϬϳ͖  >ĂŝǀŝźƓ͕  ϮϬϭϬͿ͘  WĂƌ  ǀĞŝŬƐŵţŐƵ  ƐƵŐĂƐ  ĂĚĂƉƚĤƓĂŶŽƐ  ůŝĞĐŝŶĂ  Ăƌţ  ƚĂƐ͕  ŬĂ 
ƓţƐ  ƐƵŐĂƐ  ĂƵĚǌĤƐ  ŬŽŬƐŶĞƐ  ŬƌĈũĂ  ŶĞĂƚƉĂůŝĞŬ  ŶŽ  ǀŝĞƚĤũĈŵ  ŬŽŬƵ  ƐƵŐĈŵ  ;�ƌĞŝŵĂŶŝƐ͕  
ϮϬϬϲͿ͘  WĂŐĂŝĚĈŵ  >ĂƚǀŝũĂƐ  ĐĞŶƚƌĈůĈ  ƵŶ  ĂƵƐƚƌƵŵƵ  ĚĂŲĂ  ƟĞŬ  ƵǌƐŬĂƤƚĂƐ  ƉĂƌ  
ŶĞƉŝĞŵĤƌŽƚĈŵ  ĚŝǎƐŬĈďĂƌǎĂ  ĂƵĚǌĤƓĂŶĂŝ͕  ũŽ  ƓĂũĈƐ  ƚĞƌŝƚŽƌŝũĈƐ  ƌĂŬƐƚƵƌţŐĂ  ŝǌƚĞŝŬƟ   
ǌĞŵĂ  ƚĞŵƉĞƌĂƚƻƌĂ  ǌŝĞŵĈ͕  ŬĂƐ  ǀĂƌ  ďƻƚ  ůŝŵŝƚĤũŽƓĂŝƐ  ĨĂŬƚŽƌƐ  ĚŝǎƐŬĈďĂƌĚŝŵ  ;�ŽůƚĞ  
et al.͕  ϮϬϬϳͿ͘ dŽŵĤƌ͕  źĞŵŽƚ ǀĤƌĈ  ũĂƵ  ůţĚǌ  Ɠŝŵ ŶŽǀĤƌŽƚŽ ƵŶ Ăƌţ ƉƌŽŐŶŽǌĤƚŽ ǀŝĚĤũĈƐ  
ƚĞŵƉĞƌĂƚƻƌĂƐ  ƉŝĞĂƵŐƵŵƵ͕  ŬŽ  ĚĂŲĤũŝ  ŝǌƌĂŝƐĂ  ƚĞŵƉĞƌĂƚƻƌĂƐ  ƉĂůŝĞůŝŶĈƓĂŶĈƐ  ǌŝĞŵĂƐ  
ƉĞƌŝŽĚĈ  ;>ŝǌƵŵĂ  et al͕͘  ϮϬϬϳͿ͕  ĂƵŐƓĂŶĂƐ  ĂƉƐƚĈŬŲŝ  ƓĂũĈ  ƚĞƌŝƚŽƌŝũĈ  ŬŲƻƐƚ  ƉŝĞŵĤƌŽƚĈŬŝ  
ĚŝǎƐŬĈďĂƌĚŝŵ͕  ƵŶ  ŝƌ  ůŝĞƚĚĞƌţŐŝ  ŝĞƌţŬŽƚ  ĞŬƐƉĞƌŝŵĞŶƚĈůŽƐ  ƐƚĈĚţũƵŵƵƐ  ƵŶ  ĂƚůĂƐţƚ  ƓŝĞŵ  
ĂƉƐƚĈŬŲŝĞŵ ƉŝĞŵĤƌŽƚĈŬĈƐ ŔŝŵĞŶĞƐ͘

>ţĚǌƓŝŶĤũŽƐ  ƉĤƤũƵŵŽƐ  �ƌ͘ ŚĂďŝů͘  DĈƌŝƐ  >ĂŝǀŝźƓ  ǀĞŝĐŝƐ  ĚŝǎƐŬĈďĂƌǎƵ  ŬĂƌƚĤƓĂŶƵ 
>ĂƚǀŝũĂƐ  ƚĞƌŝƚŽƌŝũĈ͕  ĂƉƌĂŬƐƤũŝƐ  ĂƵŐƵ  ƐĂďŝĞĚƌţďĂƐ  ĚŝǎƐŬĈďĂƌǎĂ  ĂƵĚǌĤƐ  ƵŶ  ŝĞƌţŬŽũŝƐ  
ĚŝǀƵƐ  ƉĂƐƚĈǀţŐŽƐ  ƉĂƌĂƵŐůĂƵŬƵŵƵƐ  ŽƚƌĈƐ  ƉĂĂƵĚǌĞƐ  ĂƵĚǌĤƐ  ;ƐĈŬŽƚŶĤũŝ  ŶŽ  sĈĐŝũĂƐ 
ŝĞǀĞƐƚŽ  ƉŝƌŵĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬƵ  ƉĤĐŶĈĐĤũŝͿ͘  dĂũŽƐ  ŶŽƚĞŝŬƟ  ƚĂŬƐĈĐŝũĂƐ  ƌĈĚţƚĈũŝ͕  
ĂƚŵŝƌƵƓĈƐ  ŬŽŬƐŶĞƐ  ĂƉũŽŵƐ͕  ǀĂŝŶĂŐƵ  ǀĞƐĞůţďĂƐ  ƐƚĈǀŽŬůŝƐ  ƵŶ  ƉƌŽũĞŬĐŝũĂ  ;>ĂŝǀŝźƓ͕  
ϮϬϭϬͿ͘  WůĂƓĈŬƵ  ƚĂŬƐĈĐŝũĂƐ  ƌĈĚţƚĈũƵ  ƌĂŬƐƚƵƌŽƓĂŶƵ͕  ĂƚŬĈƌƚŽƟ  ƉĈƌŵĤƌŽƚ  ƉĂƐƚĈǀţŐŽƐ  
ƉĂƌĂƵŐůĂƵŬƵŵƵƐ͕  ŶŽĚƌŽƓŝŶĈũŝƐ  ƉƌŽĨ͘   �͘ථ�ƌĞŝŵĂŶŝƐ  ;�ƌĞŝŵĂŶŝƐ͕  ϮϬϬϱ͕  ϮϬϬϲͿ͘  dŽŵĤƌ 
ŶĂǀ  ƉŝĞƟĞŬĂŵĂƐ  ŝŶĨŽƌŵĈĐŝũĂƐ  ƉĂƌ  ĂƵŐƐƚƵŵĂ  ƉŝĞĂƵŐƵŵĂ  ĚŝŶĂŵŝŬƵ͘  /ƌ  ĂŶĂůŝǌĤƚĂ 
ŐĂĚƐŬĈƌƚƵ ƉůĂƚƵŵƵ ŬŽƌĞůĈĐŝũĂ Ăƌ ŵĞƚĞŽƌŽůŽŔŝƐŬĂũŝĞŵ ĂƉƐƚĈŬŲŝĞŵ ŝůŐƚĞƌŵŝźĈ ƐĂŵĤƌĈ 
ŶĞůŝĞůĂŝ  ƉĂƌĂƵŐŬŽƉĂŝ͕  ŬŽŶƐƚĂƚĤũŽƚ  ǀĂƐĂƌĂƐ  ƐĂƵƐƵŵĂ  ŶĞŐĂƤǀŽ  ŝĞƚĞŬŵŝ  Ƶǌ  ƌĂĚŝĈůŽ 
ƉŝĞĂƵŐƵŵƵ  ;^ĂďƵůĞථ/͕͘  ϮϬϬϵͿ͕  ďĞƚ  ŶĂǀ  ĂŶĂůŝǌĤƚĂƐ  ƉĂĂƵĚǎƵ  ĂƚƓŭŝƌţďĂƐ  ƌĞĂŬĐŝũĈ 
Ƶǌ  ŵĞƚĞŽƌŽůŽŔŝƐŬĂũŝĞŵ  ĂƉƐƚĈŬŲŝĞŵ͕  ŬĈ  Ăƌţ  ŵĞƚĞŽƌŽůŽŔŝƐŬŽ  ĂƉƐƚĈŬŲƵ  ŝĞƚĞŬŵĞ  Ƶǌ  
ƌĂĚŝĈůŽ ƉŝĞĂƵŐƵŵƵ ƐĞǌŽŶĂƐ ŝĞƚǀĂƌŽƐ͘ 

1.2. Promocijas darba mērķis

EŽǀĤƌƚĤƚ  �ŝƌŽƉĂƐ  ĚŝǎƐŬĈďĂƌǎĂ  ĂƵĚǌĤƓĂŶĂƐ  ƉŽƚĞŶĐŝĈůƵ  >ĂƚǀŝũĈ  ŬůŝŵĂƚĂ  
ƉĈƌŵĂŝźƵ ŬŽŶƚĞŬƐƚĈ͘

ϭϬ



ϭϭ

1.3. Promocijas darba pētnieciskie uzdevumi 

ϭ͘  ZĂŬƐƚƵƌŽƚ  ĚŝǎƐŬĈďĂƌǎĂ  ĚĂďŝƐŬŽ  ĂƚũĂƵŶŽƓĂŶŽƐ  ŝĞƚĞŬŵĤũŽƓŽƐ  ĨĂŬƚŽƌƵƐ  
ŝǌĐŝƌƚƵŵĈ  ƵŶ  ǌĞŵ  ĂƵĚǌĞƐ  ǀĂŝŶĂŐƵ  ŬůĈũĂ͕  ƵŶ  ŽƚƌĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬƵ  ŔĞŶĤƟƐŬŽ 
ĚĂƵĚǌǀĞŝĚţďƵ͘

Ϯ͘  ZĂŬƐƚƵƌŽƚ  ĚŝǎƐŬĈďĂƌǎĂ  ŽƚƌĈƐ  ƉĂĂƵĚǌĞƐ  ƐƚĈĚţũƵŵƵ  ƐĂŐůĂďĈƓĂŶŽƐ  ƵŶ  ĂƵŐƓĂŶƵ 
ƌĞůĂƤǀŝ ƐŬĂƌďŽƐ ĂƉƐƚĈŬŲŽƐ >ĂƚǀŝũĂƐ ĐĞŶƚƌĈůĂũĈ ĚĂŲĈ͘

ϯ͘  EŽǀĤƌƚĤƚ ĚŝǎƐŬĈďĂƌǎĂ ĂƵŐƓĂŶĂƐ ŐĂŝƚƵ͘
ϰ͘  ZĂŬƐƚƵƌŽƚ ŵĞƚĞŽƌŽůŽŔŝƐŬŽ ĨĂŬƚŽƌƵ  ŝĞƚĞŬŵŝ Ƶǌ ĚĂǎĈĚƵ ĚŝŵĞŶƐŝũƵ ĚŝǎƐŬĈďĂƌǎƵ 

ĐĂƵƌŵĤƌĂ ƉŝĞĂƵŐƵŵƵ͘ 

1.4. Promocijas darba tēzes

ϭ͘  �ŝǎƐŬĈďĂƌǎĂ ĚĂďŝƐŬĈ ĂƚũĂƵŶŽƓĂŶĈƐ  >ĂƚǀŝũĈ  ŝƌ  ƐĞŬŵţŐĂ ŐĂŶ  ǌĞŵ ǀĞĐĈƐ ĂƵĚǌĞƐ 
ǀĂŝŶĂŐƵ ŬůĈũĂ͕ ŐĂŶ ŝǌĐŝƌƚƵŵŽƐ͘

Ϯ͘  KƚƌĈƐ  ĚŝǎƐŬĈďĂƌǎĂ  ƉĂĂƵĚǌĞƐ  ĂƵŐƓĂŶĂƐ  ŐĂŝƚĂ  ƵŶ  ũƵƤďĂ  ƉƌĞƚ  ŬůŝŵĂƟƐŬĂũŝĞŵ  
ĨĂŬƚŽƌŝĞŵ ŝƌ ĂƚƓŭŝƌţŐĂƐ ƐĂůţĚǌŝŶĈũƵŵĈ Ăƌ ƉŝƌŵŽ ƉĂĂƵĚǌŝ͘

1.5. Zinātniskā novitāte

WŝƌŵŽ ƌĞŝǌŝ ƐĂůţĚǌŝŶĈƚĂ ĚĂǎĈĚƵ ƉĂĂƵĚǎƵ ĚŝǎƐŬĈďĂƌǎƵ ƌĞĂŬĐŝũĂ Ƶǌ ŬůŝŵĂƟƐŬĂũŝĞŵ 
ĨĂŬƚŽƌŝĞŵ  ĂƵĚǌĤƐ͕  ŬĂƐ  ĂƚƌŽĚĂƐ  Ƶǌ  ǌŝĞŵĞŲĂƵƐƚƌƵŵŝĞŵ ŶŽ  ƓţƐ  ŬŽŬƵ  ƐƵŐĂƐ  ŝǌƉůĂƤďĂƐ  
ĂƌĞĈůĂ  ƌŽďĞǎĂƐ͘  WŝƌŵŽ  ƌĞŝǌŝ  �ĂůƟũĈ  ŶŽǀĤƌƚĤƚĂ  ĚŝǎƐŬĈďĂƌǎĂ  ƐĂŐůĂďĈƓĂŶĈƐ  ǌĞŵ  
ĂƵĚǌĞƐ ǀĂŝŶĂŐƵ ŬůĈũĂ ǀĂŝƌĈŬĂƐ ĚĞƐŵŝƚŐĂĚĞƐ ƉĤĐ ƐƚĈĚţƓĂŶĂƐ͕ ŔĞŶĤƟƐŬĈ ĚĂƵĚǌǀĞŝĚţďĂ  
ĚŝǀĈŵ ƓţƐ ŬŽŬƵ ƐƵŐĂƐ ƉĂĂƵĚǌĤŵ͕ ŬĈ Ăƌţ ƌĂŬƐƚƵƌŽƚƐ ĂƵŐƐƚƵŵĂ ƉŝĞĂƵŐƵŵƐ͘

1.6. Zinātniskā darba aprobācija

WĤƤũƵŵĂ ƌĞǌƵůƚĈƟ ƉƌĞǌĞŶƚĤƟ ϳ ŬŽŶĨĞƌĞŶĐĤƐ͗
ϭ͘  KƐŬĂƌƐ  <ƌŝƐĂŶƐ͕  ZŽďĞƌƚƐ DĂƟƐŽŶƐ͕  Liga Purina͕  �ŶĚŝũƐ  �ĂĚĞƌƐ͕  �ƌŝƐ  :ĂŶƐŽŶƐ 

;ϮϬϭϳͿ �ůŝŵĂƟĐ ƐŝŐŶĂůƐ ŝŶ ƚƌĞĞͲƌŝŶŐƐ͗ ŶĂƟǀĞ ǀƐ͘ ŝŶƚƌŽĚƵĐĞĚ ƚƌĞĞ ƐƉĞĐŝĞƐ ĐĂƐĞ 
ƐƚƵĚǇ ŝŶ >ĂƚǀŝĂ͘ /ŶƚĞƌŶĂƟŽŶĂů ŵĞĞƟŶŐ ͞EŽŶͲŶĂƟǀĞ ƚƌĞĞ ƐƉĞĐŝĞƐ ĨŽƌ �ƵƌŽƉĞĂŶ 
ĨŽƌĞƐƚƐ ʹ ĞǆƉĞƌŝĞŶĐĞƐ͕ ƌŝƐŬƐ ĂŶĚ ŽƉƉŽƌƚƵŶŝƟĞƐ͕͟  &ĞďƌƵĂƌǇ ϲʹϴ͕ ϮϬϭϳ͕ WƌĂŐƵĞ͕ 
�ǌĞĐŚ ZĞƉƵďůŝĐ͘

Ϯ͘  Liga Purina͕ �ŶĚŝƐ �ĚĂŵŽǀŝĐƐ͕ :ƵƌŝƐ <ĂƚƌĞǀŝĐƐ͕ �ĂŝŐĂ <ĂƚƌĞǀŝĐĂ͕ �ĂŝďĂ �ǌĞƌŝŶĂ 
;ϮϬϭϲͿ 'ƌŽǁƚŚ ŽĨ Fagus sylvatica ŝŶ ǇŽƵŶŐ ŵŝǆĞĚ ƐƚĂŶĚ͗ ĐĂƐĞ ƐƚƵĚǇ ŝŶ ĐĞŶƚƌĂů 
>ĂƚǀŝĂ͘  �ŶŶƵĂů  ϮϮŶĚ  /ŶƚĞƌŶĂƟŽŶĂů  ^ĐŝĞŶƟĮĐ  �ŽŶĨĞƌĞŶĐĞ  ͞ZĞƐĞĂƌĐŚ  ĨŽƌ  ZƵƌĂů 
�ĞǀĞůŽƉŵĞŶƚ ϮϬϭϲ͕͟  DĂǇ ϭϴʹϮϬ͕ ϮϬϭϲ͕ :ĞůŐĂǀĂ͘



ϯ͘  ZŽďĞƌƚƐ DĂƟƐŽŶƐ͕ Līga Puriņa͕  >ŝŶĚĂ ZŽďĂůƚĞ͕ 
ƌŝƐ  :ĂŶƐŽŶƐ  ;ϮϬϭϲͿ �ůŝŵĂƟĐ 
ĨĂĐƚŽƌƐ ĂīĞĐƟŶŐ ƌĂĚŝĂů ŐƌŽǁƚŚ ŽĨ Fagus sylvatica  ŝŶ >ĂƚǀŝĂ͘ ϰƚŚ  /ŶƚĞƌŶĂƟŽŶĂů  
�ŽŶĨĞƌĞŶĐĞ  ŽĨ  �ĞŶĚƌŽĐŚƌŽŶŽůŽŐŝƐƚƐ  ĂŶĚ  �ĞŶĚƌŽĞĐŽůŽŐŝƐƚƐ  ĨƌŽŵ  ƚŚĞ  �ĂůƟĐ  
^ĞĂ  ZĞŐŝŽŶ  ͞�Ăůƚ�ĞŶĚƌŽ  ϮϬϭϲ͕͟   �ƵŐƵƐƚ  ϮϮʹϮϱ͕  ϮϬϭϲ͕  �ŶŶĂƐ  dƌĞĞ  ^ĐŚŽŽů͕  
>ĂƚǀŝĂ͘

ϰ͘  KƐŬĂƌƐ <ƌŝƓĈŶƐ͕ Līga Puriņa͕ �ĈǀŝƐ DĞƐƚĞƌƐ͕ ZŽůĂŶĚƐ <ĈƉŽƐƟźƓ͕ 
ƌŝƐ :ĂŶƐŽŶƐ͕  
:ƵƌŝƐ  ZŝĞŬƐƚƐͲZŝĞŬƐƟźƓ  ;ϮϬϭϲͿ  /ŶƚƌĂ  ĂŶŶƵĂů  ĐŚĂŶŐĞƐ  ŽĨ  ŝŶƚĞŶƐŝƚǇ  ŽĨ  
ƌĂĚŝĂů  ŐƌŽǁƚŚ  ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ;Fagus sylvatica  >͘Ϳ  ŝŶ  ǁĞƐƚĞƌŶ  >ĂƚǀŝĂ͘  
ϰƚŚ  /ŶƚĞƌŶĂƟŽŶĂů  �ŽŶĨĞƌĞŶĐĞ  ŽĨ  �ĞŶĚƌŽĐŚƌŽŶŽůŽŐŝƐƚƐ  ĂŶĚ �ĞŶĚƌŽĞĐŽůŽŐŝƐƚƐ 
ĨƌŽŵ ƚŚĞ �ĂůƟĐ ^ĞĂ ZĞŐŝŽŶ ͞�Ăůƚ�ĞŶĚƌŽ ϮϬϭϲ͕͟  �ƵŐƵƐƚ ϮϮʹϮϱ͕ ϮϬϭϲ͕ �ŶŶĂƐ 
dƌĞĞ ^ĐŚŽŽů͕ >ĂƚǀŝĂ͘ 

ϱ͘  Līga Puriņa͕  /ůǌĞ WƵƓƉƵƌĞ͕ �ĂŝďĂ �ǎĞƌŝźĂ͕ 
ƌŝƐ  :ĂŶƐŽŶƐ  ;ϮϬϭϲͿ ZĞŐĞŶĞƌĂƟŽŶ  
ŽĨ  &ĂŐƵƐ  ƐǇůǀĂƟĐĂ  Ăƚ  ƚŚĞ  ĞĚŐĞ  ŽĨ  ŝƚƐ  ŶŽƌƚŚĞƌŶ  ĚŝƐƚƌŝďƵƟŽŶ  ůŝŵŝƚƐ͘  ϰƚŚ  
/ŶƚĞƌŶĂƟŽŶĂů  �ŽŶĨĞƌĞŶĐĞ  ŽĨ  �ĞŶĚƌŽĐŚƌŽŶŽůŽŐŝƐƚƐ  ĂŶĚ  �ĞŶĚƌŽĞĐŽůŽŐŝƐƚƐ  
ĨƌŽŵ ƚŚĞ �ĂůƟĐ ^ĞĂ ZĞŐŝŽŶ ͞�Ăůƚ�ĞŶĚƌŽ ϮϬϭϲ͕͟  �ƵŐƵƐƚ ϮϮʹϮϱ͕ ϮϬϭϲ͕ �ŶŶĂƐ 
dƌĞĞ ^ĐŚŽŽů͕ >ĂƚǀŝĂ͘

ϲ͘  Liga Purina͕ ZŽďĞƌƚƐ DĂƟƐŽŶƐ͕ �ƌŝƐ :ĂŶƐŽŶƐ ;ϮϬϭϱͿ ZĞŐĞŶĞƌĂƟŽŶ ĂŶĚ ĐůŝŵĂƚĞͲ 
ŐƌŽǁƚŚ  ƐĞŶƐŝƟǀŝƚǇ  ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ŝŶ  >ĂƚǀŝĂ͘  /ŶƚĞƌŶĂƟŽŶĂů  ƐĐŝĞŶƟĮĐ  
ĐŽŶĨĞƌĞŶĐĞ  ͞<ŶŽǁůĞĚŐĞ  �ĂƐĞĚ  &ŽƌĞƐƚ  ^ĞĐƚŽƌ͕͟   EŽǀĞŵďĞƌ  ϰʹϲ͕  ϮϬϭϱ͕  ZŝŐĂ͕ 
>ĂƚǀŝĂ͘ WŽƐƚĞƌ ƉƌĞƐĞŶƚĂƟŽŶ͘

ϳ͘  
ƌŝƐ  :ĂŶƐŽŶƐ͕  ZŽďĞƌƚƐ  DĂƟƐŽŶƐ͕  :ĈŶŝƐ  :ĂŶƐŽŶƐ͕  Līga Puriņa͕  �ŶĚŝũƐ  �ĂĚĞƌƐ  
;ϮϬϭϱͿ  ,ŝŐŚͲĨƌĞƋƵĞŶĐǇ  ǀĂƌŝĂƟŽŶ  ŽĨ  ƚƌĞĞͲƌŝŶŐ  ǁŝĚƚŚ  ŽĨ  ƐĞǀĞƌĂů  ƚƌĞĞ  ƐƉĞĐŝĞƐ  
ŝŶ >ĂƚǀŝĂ͘  /ŶƚĞƌŶĂƟŽŶĂů ƐĐŝĞŶƟĮĐ ĐŽŶĨĞƌĞŶĐĞ ŽŶ ĚĞŶĚƌŽĐŚƌŽŶŽůŽŐǇ ͞�ůŝŵĂƚĞ  
ĂŶĚ  ŚƵŵĂŶ  ŚŝƐƚŽƌǇ  ŝŶ  ƚŚĞ  DĞĚŝƚĞƌƌĂŶĞĂŶ  ďĂƐŝŶ͕͟   KĐƚŽďĞƌ  ϭϴʹϮϯ͕  ϮϬϭϱ͕  
�ŶƚĂůǇĂ͕ dƵƌŬĞǇ͘

ϭϮ



2. MATERIĀLS UN METODES

WĤƤũƵŵĂŵ ĚĂƟ ŝĞǀĈŬƟ ĚŝǎƐŬĈďĂƌǎĂ ůŝĞůĈŬĂũĈƐ ĂƵĚǌĤƐ >ĂƚǀŝũĈ͗ dĂůƐƵ͕ DĂĚŽŶĂƐ͕ 
dĤƌǀĞƚĞƐ͕ �ŝǌƉƵƚĞƐ ƵŶ WƌŝĞŬƵůĞƐ ŶŽǀĂĚĈ ;Ϯ͘ϭ͘ථĂƩ͘Ϳ͘ 

ϭϯ

Ϯ͘ϭ͘ථĂƩ͘ Dižskābarža izplatība Latvijā (pelēkie punkti, dati: Latvijas dendrofloras 
atlants) un dažādiem pētījuma uzdevumiem izvēlēto objektu izvietojums 
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2.�MATERI
LS�UN�METODES�
 

PĤtţjumam dati ievĈkti ĚŝǎƐŬĈďĂƌǎĂ lielĈkajĈƐ audzĤƐ LatvijĈ: dĂůƐƵ͕ DĂĚŽŶĂƐ͕ 
TĤƌǀĞƚĞƐ͕ �ŝǌƉƵƚĞƐ un WƌŝĞŬƵůĞƐ novadĈ (2.1. att.). 
 

 
 

2.1. att.�DižskĈbarža�izplatţba�LatvijĈ�(pelĤkie�punkti,�dati:��
Latvijas�dendrofloras�atlants)�un�dažĈdiem�pĤtţjuma�uzdevumiem��

izvĤlĤto�objektu�izvietojums��
 

PĤtţjumĈ  analizĤti  vairĈku  ƉĂĂƵĚǎƵ  koki. Ar pirmo paaudzi  ƐĂƉƌŽƚ  ĂƵĚǌĞƐ͕ 
ŬƵƌĂƐ  ƐƚĈdţƚĂƐ͕  izmantojot  VĈĐŝũĂƐ  ziemeŲu  daŲĈ  ievĈŬƚĂƐ  ƐĤŬůĂƐ͕  ĂƵĚǎƵ  ǀĞĐƵŵƐ 
aptuveni 100–140 gadi. Otro paaudzi veido pirmĈƐ ƉĂĂƵĚǌĞƐ pĤcnĈcĤũŝ͕ izauguši no 
vietĤjĈ ƐĤklu materiĈla. 
 

2.1.�Gaismas�apstĈkŲu�ietekme�uz�dižskĈbarža�dabisko�atjaunošanos�
 

Lai  izzinĈtu  ŐĂŝƐŵĂƐ  ĂƉƐƚĈkŲu  ietekmi uz  ĚŝǎƐŬĈďĂƌǎĂ ĚĂďŝƐŬŽ ĂƚũĂƵŶŽƓĂŶŽƐ 
zem vainagu klĈũĂ͕ dĂůƐƵ novadĈ ierţkoti 11 ƚƌĂŶƐĞŬƚŝ ĚŝǎƐŬĈďĂƌǎĂ tţraudzĤ͕ �ŝƌŽƉĂƐ 
baltegŲu audzĤ ar bĤƌǌƵ͕ ŽǌŽůƵ͕ egŲu un ĚŝǎƐŬĈďĂƌǎƵ ƉŝĞŵŝƐƚƌŽũƵŵƵ͕ kĈ arţ lapu koku 
ŵŝƐƚƌĂƵĚǌĤ. DĞǎĂ ƚŝƉƐ – vĤƌŝƐ͕ ĂƵĚǎƵ ǀĞĐƵŵƐ aptuveni 120 gadi. dƌĂŶƐĞŬƚŝ ierţkoti 
cauri  ĚŝǎƐŬĈďĂƌǎĂ  ƉĂĂƵŐĂƐ  grupĈŵ͕  tie  ƐĂĚĂůţti  2 × 2 m  kvadrĈƚŽƐ  bez  ĂƚƐƚĂƌƉĤm 
ƐƚĂƌƉ tiem. KatrĈ ƉŽƐŵĈ ĂƚƐĞǀŝƓŭi ƵǌƐŬĂŝƚţta ĚŝǎƐŬĈďĂƌǎĂ un citu koku ƐƵŐƵ ƉĂĂƵŐĂ͕ 
uzmĤrţƚƐ tĈƐ ĂƵŐƐƚƵŵƐ͘ Katra kvadrĈta centrĈ veikta vainagu klĈja fotografĤƓĂŶĂ͕ lai 
varĤtu aprĤŭinĈt ŐĂŝƐŵĂƐ rĈdţtĈũƵƐ͘ FotogrĈĨŝũĂƐ uzźĞŵƚĂƐ ar Nikon Coolpix E8400 
ŬĂŵĞƌƵ͕  aprţkotu  ar  platleźŭa  (ĨŝƐŚ‐ĞǇĞ)  objektţvu  (DSLR  4.9 mmͲ203)  (Regent 
/ŶƐƚƌƵŵĞŶƚƐ /ŶĐ͕͘ YƵĞďĞĐ͕ �ĂŶĂĚĂͿ͕ kamera novietota 1.4 m ĂƵŐƐƚƵŵĈ ǀŝƌƐ ǌĞŵĞƐ͘ 

ĂƚũĂƵŶŽƓĂŶŽƐ ŝĞƚĞŬŵĤũŽƓŝĞ ĨĂŬƚŽƌŝ ͬ factors affecting regeneration
ŽƚƌĈƐ ƉĂĂƵĚǌĞƐ ŔĞŶĤƟƐŬĈ ĚĂƵĚǌǀĞŝĚţďĂ ͬ genetic diversity of second generation
ŽƚƌĈƐ ƉĂĂƵĚǌĞƐ ƐĂŐůĂďĈƓĂŶĈƐ ƵŶ ĂƵŐƓĂŶĂ ͬ survival and growth of second generation
ĂƵŐƐƚƵŵĂ ƉŝĞĂƵŐƵŵĂ ǀĞŝĚŽƓĂŶĈƐ ͬ formation of cumulative primary growth
ĐĂƵƌŵĤƌĂ  ƉŝĞĂƵŐƵŵƵ  ŝĞƚĞŬŵĤũŽƓŝĞ ŵĞƚĞŽƌŽůŽŔŝƐŬŝĞ  ĨĂŬƚŽƌŝ  ͬ meteorologic factors  
affecting secondary growth

WĤƤũƵŵĈ  ĂŶĂůŝǌĤƟ  ǀĂŝƌĈŬƵ  ƉĂĂƵĚǎƵ  ŬŽŬŝ͘  �ƌ  ƉŝƌŵŽ  ƉĂĂƵĚǌŝ  ƐĂƉƌŽƚ  ĂƵĚǌĞƐ͕  
ŬƵƌĂƐ  ƐƚĈĚţƚĂƐ͕  ŝǌŵĂŶƚŽũŽƚ  sĈĐŝũĂƐ  ǌŝĞŵĞŲƵ  ĚĂŲĈ  ŝĞǀĈŬƚĂƐ  ƐĤŬůĂƐ͕  ĂƵĚǎƵ  ǀĞĐƵŵƐ  
ĂƉƚƵǀĞŶŝ  ϭϬϬʹϭϰϬ  ŐĂĚŝ͘  KƚƌŽ  ƉĂĂƵĚǌŝ  ǀĞŝĚŽ  ƉŝƌŵĈƐ  ƉĂĂƵĚǌĞƐ  ƉĤĐŶĈĐĤũŝ͕  ŝǌĂƵŐƵƓŝ  
ŶŽ ǀŝĞƚĤũĈ ƐĤŬůƵ ŵĂƚĞƌŝĈůĂ͘ 

2.1. Gaismas apstākļu ietekme uz dižskābarža dabisko atjaunošanos

>Ăŝ  ŝǌǌŝŶĈƚƵ  ŐĂŝƐŵĂƐ  ĂƉƐƚĈŬŲƵ  ŝĞƚĞŬŵŝ  Ƶǌ  ĚŝǎƐŬĈďĂƌǎĂ  ĚĂďŝƐŬŽ  ĂƚũĂƵŶŽƓĂŶŽƐ 
ǌĞŵ ǀĂŝŶĂŐƵ ŬůĈũĂ͕ dĂůƐƵ ŶŽǀĂĚĈ ŝĞƌţŬŽƟ ϭϭ ƚƌĂŶƐĞŬƟ ĚŝǎƐŬĈďĂƌǎĂ ƤƌĂƵĚǌĤ͕ �ŝƌŽƉĂƐ  
ďĂůƚĞŐŲƵ  ĂƵĚǌĤ  Ăƌ  ďĤƌǌƵ͕  ŽǌŽůƵ͕  ĞŐŲƵ  ƵŶ  ĚŝǎƐŬĈďĂƌǎƵ  ƉŝĞŵŝƐƚƌŽũƵŵƵ͕  ŬĈ  Ăƌţ  ůĂƉƵ  
ŬŽŬƵ ŵŝƐƚƌĂƵĚǌĤ͘ DĞǎĂ  ƟƉƐ  ʹ  ǀĤƌŝƐ͕  ĂƵĚǎƵ  ǀĞĐƵŵƐ  ĂƉƚƵǀĞŶŝ  ϭϮϬ  ŐĂĚŝ͘  dƌĂŶƐĞŬƟ  
ŝĞƌţŬŽƟ  ĐĂƵƌŝ  ĚŝǎƐŬĈďĂƌǎĂ  ƉĂĂƵŐĂƐ  ŐƌƵƉĈŵ͕  ƟĞ  ƐĂĚĂůţƟ  ϮථпථϮථŵ  ŬǀĂĚƌĈƚŽƐ  ďĞǌ  
ĂƚƐƚĂƌƉĤŵ  ƐƚĂƌƉ  ƟĞŵ͘  <ĂƚƌĈ  ƉŽƐŵĈ  ĂƚƐĞǀŝƓŭŝ  ƵǌƐŬĂŝƤƚĂ  ĚŝǎƐŬĈďĂƌǎĂ  ƵŶ  ĐŝƚƵ  
ŬŽŬƵ  ƐƵŐƵ  ƉĂĂƵŐĂ͕  ƵǌŵĤƌţƚƐ  ƚĈƐ  ĂƵŐƐƚƵŵƐ͘  <ĂƚƌĂ  ŬǀĂĚƌĈƚĂ  ĐĞŶƚƌĈ  ǀĞŝŬƚĂ  ǀĂŝŶĂŐƵ 



ŬůĈũĂ  ĨŽƚŽŐƌĂĨĤƓĂŶĂ͕  ůĂŝ  ǀĂƌĤƚƵ ĂƉƌĤŭŝŶĈƚ ŐĂŝƐŵĂƐ  ƌĈĚţƚĈũƵƐ͘  &ŽƚŽŐƌĈĮũĂƐ ƵǌźĞŵƚĂƐ  
Ăƌ EŝŬŽŶ  �ŽŽůƉŝǆ  �ϴϰϬϬ  ŬĂŵĞƌƵ͕  ĂƉƌţŬŽƚƵ  Ăƌ  ƉůĂƚůĞźŭĂ  ;fish-eyeͿ  ŽďũĞŬƤǀƵ  ;�^>Z 
ϰ͘ϵථŵŵͲϮϬϯͿ  ;ZĞŐĞŶƚ  /ŶƐƚƌƵŵĞŶƚƐ  /ŶĐ͕͘  YƵĞďĞĐ͕  �ĂŶĂĚĂͿ͕  ŬĂŵĞƌĂ  ŶŽǀŝĞƚŽƚĂ  
ϭ͘ϰථŵ  ĂƵŐƐƚƵŵĈ  ǀŝƌƐ  ǌĞŵĞƐ͘  �ŝƌŽƉĂƐ  ďĂůƚĞŐůĞƐ  ĂƵĚǌĤ  ŝĞƌţŬŽƚĂũŽƐ  ƚƌĂŶƐĞŬƚŽƐ  
ƉĂƉŝůĚƵƐ  ŝĞǀĈŬƟ  ƓĈĚŝ  ĚĂƟ͗  ŬĂƚƌĈ  ƚƌĂŶƐĞŬƚĂ  ϰථŵ  ƉŽƐŵĈ  ŶŽƚĞŝŬƚƐ  ƚĈůĈŬĈ  ƉŝĞ  
ƉĂĂƵŐĂƐ  ŐƌƵƉĂƐ  ƉŝĞĚĞƌŽƓĈ  ĚŝǎƐŬĈďĂƌǎĂ  ĂƩĈůƵŵƐ  ŶŽ  ƚƌĂŶƐĞŬƚĂ  ĂďĈƐ  ƚĈ  ƉƵƐĤƐ  
;ůĂŝ  ŝĞŐƻƚƵ ƉƌŝĞŬƓƐƚĂƚƵ ƉĂƌ ƉĂĂƵŐĂƐ ŐƌƵƉĂƐ ĂŝǌźĞŵƚŽ ƉůĂƤďƵ ƵŶ ĨŽƌŵƵͿ͕ ŬĂƚƌĈ ϰථŵ 
ƉŽƐŵĈ  ĂďĈƐ  ƚƌĂŶƐĞŬƚĂ  ƉƵƐĤƐ  ƵǌƐŬĂŝƤƚƐ  ƚƵǀĈŬĂŝƐ  ƉŝƌŵĈ  ƐƚĈǀĂ  ŬŽŬƐ͕  ŬĂƐ  ŝĞƚĞŬŵĤ  
ƉĂĂƵŐĂƐ  ŐƌƵƉĂƐ  ŐĂŝƐŵĂƐ  ĂƉƐƚĈŬŲƵƐ͕  ŶŽƚĞŝŬƚĂ  Ăƌţ  ƚĈ  ƐƵŐĂ  ƵŶ  ĐĂƵƌŵĤƌƐ͘  sŝƐŽƐ  
ǀŝƌǌŝĞŶŽƐ  ϯϬථŵ  ĂƩĈůƵŵĈ  ŶŽ  ƚƌĂŶƐĞŬƚĂ  ƵǌƐŬĂŝƤƟ  ǀŝƐŝ  ƉŝƌŵĈ  ƵŶ  ŽƚƌĈ  ƐƚĈǀĂ  
ĚŝǎƐŬĈďĂƌǎŝ͕  ƵǌŵĤƌţƚƐ  ƚŽ  ĂƵŐƐƚƵŵƐ͕  ĐĂƵƌŵĤƌƐ  ƵŶ  ĂƩĈůƵŵƐ  ŶŽ  ƚƌĂŶƐĞŬƚĂ͕  ŬĈ  Ăƌţ  
ŶŽƚĞŝŬƚĂ ƉŝĞĚĞƌţďĂ ƚƵǀĈŬĂũĂŵ ƉĂƌĂƵŐůĂƵŬƵŵĂ ϰථŵ ƉŽƐŵĂŵ͘

'ĂŝƐŵĂƐ  ĂƉƐƚĈŬŲŝ  ƚƌĂŶƐĞŬƚĂ  ƉŽƐŵŽƐ  ĂƉƌĤŭŝŶĈƟ͕  ŝǌŵĂŶƚŽũŽƚ  tŝŶ^ĐĂŶŽƉǇ  
ϮϬϬϲĂ  ƉƌŽŐƌĂŵŵƵ  ;ZĞŐĞŶƚ  /ŶƐƚƌƵŵĞŶƚƐ  /ŶĐ͕͘  YƵĞďĞĐ͕  �ĂŶĂĚĂͿ͘  �ŝǎƐŬĈďĂƌǎĂ  
ƤƌĂƵĚǌĤ  ƵŶ  ůĂƉƵ  ŬŽŬƵ  ŵŝƐƚƌĂƵĚǌĤ  ĂƉƌĤŭŝŶĈƚĂ  ƟĞƓĈ͕  ŝǌŬůŝĞĚĤƚĈ  ƵŶ  ŬŽƉĤũĈ  ŐĂŝƐŵĂ  
;ŵŽůථŵͲϮථĚŝĞŶĂͲϭͿ͕  �ŝƌŽƉĂƐ  ďĂůƚĞŐŲƵ  ĂƵĚǌĤ  ŶŽƚĞŝŬƟ  ƓĈĚŝ  ƉĂƌĂŵĞƚƌŝ͗  ǀĂŝŶĂŐƵ  ŬůĈũĂ  
ŝǌƌŽďŽũƵŵƐ͕  ǀĂŝŶĂŐƵ  ŬůĈũĂ  ĂƚǀĤƌƵŵƐ͕  ƟĞƓĈƐ  ŐĂŝƐŵĂƐ  ţƉĂƚƐǀĂƌƐ  ƵŶ  ŬŽƉĤũĈƐ  ŐĂŝƐŵĂƐ 
ţƉĂƚƐǀĂƌƐ͕ ŬĂƐ ŝƌ ƌĞůĂƤǀĂƐ ǀĤƌƤďĂƐ ƵŶ ƟĞŬ ŝǌƚĞŝŬƚĂƐ ƉƌŽĐĞŶƚŽƐ͘

�ŝǎƐŬĈďĂƌǎĂ  ĚĂďŝƐŬĈƐ  ĂƚũĂƵŶŽƓĂŶĈƐ  ŶŽǀĤƌƚĤƓĂŶĂŝ  ŝǌĐŝƌƚƵŵŽƐ  ŝĞƌţŬŽƟ   
ƉĂƌĂƵŐůĂƵŬƵŵŝ  �ŝǌƉƵƚĞƐ  ŶŽǀĂĚĈ͕  ŶĞƚĈůƵ  ŶŽ  <ĂǌĚĂŶŐĂƐ͘  /ǌǀĤůĤƚĂƐ  ϯ  ũĂƵŶĂƵĚǌĞƐ  
ƉĤĐ  ǀŝĞŶůĂŝĚƵƐ  ĂƚũĂƵŶŽƓĂŶĂƐ  ĐŝƌƚĞƐ͕  ŬƵƌĈŵ  ďůĂŬƵƐ  ĂƚƌŽĚĂƐ  ĂƵĚǌĞƐ  Ăƌ  ǀĂŝƌĈŬŝĞŵ  
ƉŝĞĂƵŐƵƓŝĞŵ  ĚŝǎƐŬĈďĂƌǎŝĞŵ͕  ŬĂƐ  ŬĂůƉŽ  ŬĈ  ƐĤŬůƵ  ĂǀŽƚƐ  ĚĂďŝƐŬĂŝ  ĂƚũĂƵŶŽƓĂŶĂŝ͘  
dĂũĈƐ  ŝĞƌţŬŽƟ  ŬŽƉĈ  ϳϵ  ƉĂƌĂƵŐůĂƵŬƵŵŝ͕  ŬĂƚƌƐ  ϮϱථŵϮ  ƉůĂƤďĈ͘  WĂƌĂƵŐůĂƵŬƵŵŝĞŵ  
ŶŽƚĞŝŬƚƐ  ĂƩĈůƵŵƐ  ůţĚǌ  ƚƵǀĈŬĂũĂŝ  ĂƵĚǌĞŝ͕  ŬƵƌĈ  ĂƚƌŽĚĂŵŝ  ƉŝĞĂƵŐƵƓŝ  ĚŝǎƐŬĈďĂƌǎŝ͕  
ƚĂũŽƐ  ƵǌŵĤƌţƟ  ǀŝƐŝ  ĚŝǎƐŬĈďĂƌǎŝ  ƵŶ  ĐŝƚƵ  ƐƵŐƵ  ŬŽŬŝ͕  ŶŽƐĂŬŽƚ  ŬĂƚƌĂŵ  ĐĂƵƌŵĤƌƵ  ƵŶ  
ĂƵŐƐƚƵŵƵ͕  ŬĈ  Ăƌţ  ŶŽƚĞŝŬƚĂƐ  ůĂŬƐƚĂƵŐƵ  ƐƵŐĂƐ  ƵŶ  ƚŽ  ŝŶĚŝǀŝĚƵĈůĂŝƐ  ƵŶ  ŬŽƉĤũĂŝƐ  
ƉƌŽũĞŬƤǀĂŝƐ ƐĞŐƵŵƐ͕ ŬĈ Ăƌţ �ůůĞŶďĞƌŐĂ ǀĤƌƤďĂƐ ůĂŬƐƚĂƵŐƵ ƐƵŐĈŵ͘

2.2. Otrās paaudzes ģenētiskā daudzveidība

WƌŝĞŬƵůĞƐ  ƵŶ  dĂůƐƵ  ŶŽǀĂĚĈ  ĂŶĂůŝǌĤƚĂ  ƉŝƌŵĈƐ ƵŶ ŽƚƌĈƐ  ƉĂĂƵĚǌĞƐ ĚŝǎƐŬĈďĂƌǎƵ  
ŔĞŶĤƟƐŬĈ  ĚĂƵĚǌǀĞŝĚţďĂ͘  aŝŵ  ŶŽůƻŬĂŵ  ĚŝǀĈƐ  ĂƵĚǌĤƐ  ǀĤƌĂ  ŵĞǎĂ  ƟƉĈ  ŝĞǀĈŬƟ   
ŬŽŬƐŶĞƐ  ƉĂƌĂƵŐŝ  ŶŽ  ƉŝƌŵĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬŝĞŵ  ;ǀĞĐƵŵƐ  ϭϭϮʹϭϭϴ  ŐĂĚŝͿ  ƵŶ  ĂƵĚǎƵ  
ĐĞŶƚƌĈ  ϮϬථпථϮϬ  ŵĞƚƌƵ  ƉůĂƤďĈ  ŝĞǀĈŬƟ  ůĂƉƵ  ƉĂƌĂƵŐŝ  ŶŽ  ǀŝƐŝĞŵ  ŽƚƌĈƐ  ƉĂĂƵĚǌĞƐ  
ĚŝǎƐŬĈďĂƌǎŝĞŵ͘  <ŽƉƵŵĈ  ĂŶĂůţǌĤ  ŝĞŬŲĂƵƟ  ϰϱ  ƉŝƌŵĈƐ  ƉĂĂƵĚǌĞƐ  ƵŶ  ϭϬϲ  ŽƚƌĈƐ  
ƉĂĂƵĚǌĞƐ  ŬŽŬŝ  ŶŽ  ĂƵĚǌĞƐ  WƌŝĞŬƵůĞƐ  ŶŽǀĂĚĈ  ƵŶ  ĂƫĞĐţŐŝ  ϲϯ  ƵŶ  ϭϬϭ  ŬŽŬƐ  ŶŽ  
ĂƵĚǌĞƐ  dĂůƐƵ  ŶŽǀĂĚĈ͘  WĂƌĂƵŐƵ  ŔĞŶĤƟƐŬĈ  ĂŶĂůţǌĞ  ǀĞŝŬƚĂ  >sD/  ^ŝůĂǀĂ  DŽůĞŬƵůĈƌĈƐ  
ŔĞŶĤƟŬĂƐ ůĂďŽƌĂƚŽƌŝũĈ͘

ϭϰ



2.3. Dižskābarža otrās paaudzes stādījumu saglabāšanās un augšana Latvijas 
centrālajā daļā

ZĞůĂƤǀŝ  ƐŬĂƌďŽƐ  ĂƉƐƚĈŬŲŽƐ  >ĂƚǀŝũĂƐ  ĐĞŶƚƌĈůĂũĈ  ĚĂŲĈ  DĂĚŽŶĂƐ  ŶŽǀĂĚĈ  
ŶŽǀĤƌƚĤƚĂ ŽƚƌĈƐ ƉĂĂƵĚǌĞƐ ĚŝǎƐŬĈďĂƌǎĂ  ƐƚĈĚţũƵŵĂ  ƐĂŐůĂďĈƓĂŶĈƐ  ǌĞŵ ǀĂŝŶĂŐƵ  ŬůĈũĂ͘  
^ƚĈĚţũƵŵƐ  ŝĞƌţŬŽƚƐ  ϭϵϴϯ͘ථŐĂĚĈ  ϵϬ  ŐĂĚƵƐ  ǀĞĐĈ  ƉƌŝĞǎƵ  ĂƵĚǌĤ  Ăƌ  ďĤƌǌĂ  ƵŶ  ĞŐůĞƐ  
ƉŝĞŵŝƐƚƌŽũƵŵƵ͘  �ƵŐƐŶĞ  ŶŽƌŵĈůĂ  ŵŝƚƌƵŵĂ͕  ĂƵŐůţŐĂ͕  ŵĈůĂŝŶĂ͕  Ăƌ  ƐŬĈďƵ  ƌĞĂŬĐŝũƵ͘  
DĞǎĂ  ƟƉƐ  ĚĂŵĂŬƐŶŝƐ͘  �ƵĚǌĞƐ  ƉůĂƤďĂ  ϯ͘ϱථŚĂ͘  ^ĤŬůƵ  ŵĂƚĞƌŝĈůƐ  źĞŵƚƐ  ŶŽ  
ĚŝǎƐŬĈďĂƌǎĂ  ĂƵĚǌĤŵ  dĂůƐƵ  ŶŽǀĂĚĂ  aŭĤĚĤ͕  ƐƚĈĚŝ  ŝǌĂƵĚǌĤƟ DĞǎĂ  ƉĤƤƓĂŶĂƐ  ƐƚĂĐŝũĂƐ  
ŬŽŬĂƵĚǌĤƚĂǀĈ  DĂĚŽŶĂƐ  ŶŽǀĂĚĈ͘  ^ƚĈĚţƓĂŶĂ  ǀĞŝŬƚĂ  ƌŝŶĚĈƐ͕  Ăƌ  ǀŝĚĤũŽ  ĂƩĈůƵŵƵ  
ƐƚĂƌƉ  ƐƚĈĚŝĞŵ  Ϭ͘ϴϯථŵ͕  ĂƩĈůƵŵƐ  ƐƚĂƌƉ  ƌŝŶĚĈŵ  ǀĂƌŝĤ  ŶŽ  ϯ͘ϱථŵ  ůţĚǌ  ϴ͘ϱථŵ͘  /ĞƐƚĈĚţƟ  
ĂƉƚƵǀĞŶŝ  ϱϬϬϬ  ƐƚĈĚŝ͘  >ţĚǌ  ϯϯ  ŐĂĚƵ  ǀĞĐƵŵĂŵ  ƐĂŐůĂďĈũƵƓŝĞƐ  ϯϵϳϱ  ĚŝǎƐŬĈďĂƌǎŝ͘  
<ĂƚƌĂŵ  ŶŽ  ƟĞŵ  ŶŽƚĞŝŬƚĂ  ƚĞůƉŝƐŬĈ  ĂƚƌĂƓĂŶĈƐ  ǀŝĞƚĂ  ;ŬŽŽƌĚŝŶĈƚƵ  ƤŬůĈͿ͕  ƵǌŵĤƌţƚƐ  
ĐĂƵƌŵĤƌƐ͕  ĂƵŐƐƚƵŵƐ  ƵŶ  ŵĂŬƐŝŵĈůĂŝƐ  ǀĂŝŶĂŐĂ  ƌĈĚŝƵƐƐ͕  ŬĂƐ  ŶŽƚĞŝŬƚƐ  ƉĤĐ  ŐĂƌĈŬĈ  
ǌĂƌĂ͘ 

KƚƌĈƐ  ƉĂĂƵĚǌĞƐ  ƐƚĈĚţũƵŵƵ  ƐĂŐůĂďĈƓĂŶĈƐ  ŶŽǀĤƌƚĤƚĂ  Ăƌţ  dĤƌǀĞƚĞƐ  ŶŽǀĂĚĈ͕ 
ϭϮ  ŐĂĚƵƐ  ƉĤĐ  ĚŝǎƐŬĈďĂƌǎƵ  ʹ  ĞŐŲƵ  ŵŝƐƚƌĂƵĚǌĞƐ  ŝĞƌţŬŽƓĂŶĂƐ  ŝǌĐŝƌƚƵŵĈ͘  ^ƚĈĚţũƵŵƐ  
ŝǌǀŝĞƚŽƚƐ  ůţĚǌĞŶĈ͕  ĂƵŐůţŐĈ͕  ŵĈůĂŝŶĈ  ŶŽƌŵĈůĂ  ŵŝƚƌƵŵĂ  ŵŝŶĞƌĈůĂƵŐƐŶĤ͕  ŵĞǎĂ  ƟƉƐ 
ǀĤƌŝƐ͘ ^ƚĈĚţƚƐ ƌŝŶĚƵ ŵŝƐƚƌŽũƵŵĈ͘ /ǌŵĂŶƚŽƟ ϮͲŐĂĚţŐŝ ĞŐůĞƐ ƐƚĈĚŝ ŶŽ ŬŽŬĂƵĚǌĤƚĂǀĂƐ ƵŶ 
ĚŝǎƐŬĈďĂƌǎĂ ŵĞǎĞźŝ ŶŽ ƉĂĂƵŐĂƐ dĂůƐƵ ŶŽǀĂĚĂ aŭĤĚĤ͘ WŝƌŵƐ  ƐƚĈĚţƓĂŶĂƐ  ƐĂŐĂƚĂǀŽƚĂ 
ĂƵŐƐŶĞ͘ �ƩĈůƵŵƐ ƐƚĂƌƉ ƐƚĈĚŝĞŵ Ϯ͘ϱථŵ͕ ĂƩĈůƵŵƐ ƐƚĂƌƉ ƌŝŶĚĈŵ ǀĂƌŝĤ ŶŽ Ϯ  ůţĚǌ ϯථŵ͘ 
�ƵĚǌĤ ƵǌŵĤƌţƚĂƐ ǀŝƐĂƐ ĞŐůĞƐ ƵŶ ĚŝǎƐŬĈďĂƌǎŝ͕ ŶŽƐĂŬŽƚ ƟĞŵ ĂƵŐƐƚƵŵƵ ƵŶ ĐĂƵƌŵĤƌƵ͘ 
�ŝǎƐŬĈďĂƌǎŝĞŵ ŶŽƚĞŝŬƚƐ Ăƌţ ůŝĞůĈŬĂŝƐ ǀĂŝŶĂŐĂ ƌĈĚŝƵƐƐ͕ ĞŐůĤŵ ƵǌŵĤƌţƚƐ ƉĤĚĤũŽ ϯ ŐĂĚƵ 
ĂƵŐƐƚƵŵĂ  ƉŝĞĂƵŐƵŵƐ͘  �ďƵ  ƐƵŐƵ  ŬŽŬŝĞŵ  ǀĞŝŬƟ  ƵƌďƵŵŝ  Ăƌ  WƌĞƐůĞƌĂ  ƉŝĞĂƵŐƵŵĂ  
ƐǀĈƌƉƐƚƵ  ƉĤĐ  ŝĞƐƉĤũĂƐ  ƚƵǀĈŬ  ƐĂŬźƵ  ŬĂŬůĂŵ͘  /ĞŐƻƟĞ  ŬŽŬƐŶĞƐ  ƉĂƌĂƵŐŝ  ŝǌǎĈǀĤƟ 
ůţĚǌ  ŐĂŝƐƐĂƵƐĂŵ  ƐƚĈǀŽŬůŝŵ͕  ůĂďŽƌĂƚŽƌŝũĈ  ŶŽƐůţƉĤƟ͕  ŵĂŶƵĈůŝ  ƵǌŵĤƌţƚƐ  ŐĂĚƐŬĈƌƚƵ  
ƉůĂƚƵŵƐ͕ ůŝĞƚŽũŽƚ >/Ed�� ϱ ;ZŝŶŶd��,Ϳ ŵĤƌţũƵŵƵ ƐŝƐƚĤŵƵ Ăƌ ƉƌĞĐŝǌŝƚĈƟ Ϭ͘Ϭϭථŵŵ͘ 

2.4. Augšanas gaita

dĂůƐƵ  ŶŽǀĂĚĈ  ϭϬ  ĚŝǎƐŬĈďĂƌǎĂ  ĂƵĚǌĤƐ  ŶŽǌĈŔĤƟ  Ěŝǀŝ  ǀĂůĚĂƵĚǌĞƐ  ŬŽŬŝ  ŬĂƚƌĈ  
ĂƵĚǌĤ͕  ůĂŝ  ŝĞǀĈŬƚƵ  ĚĂƚƵƐ  ƉĂƌ  ĂƵŐƐƚƵŵĂ  ƉŝĞĂƵŐƵŵĂ  ǀĞŝĚŽƓĂŶŽƐ͘  sŝƐĂƐ  ĂƵĚǌĞƐ 
ĂƚƌĂĚĈƐ ϱථŬŵ ƌĈĚŝƵƐĈ͕ ůţĚǌţŐŽƐ ĂƉƐƚĈŬŲŽƐ͕ ĂƵŐůţŐĈ͕ ŶŽƌŵĈůĂ ŵŝƚƌƵŵĂ ŵŝŶĞƌĈůĂƵŐƐŶĤ͘  
�ƵĚǎƵ ǀĞĐƵŵƐ ĂƉƚƵǀĞŶŝ ŶŽ ϳϬ ůţĚǌ ϭϰϬ ŐĂĚŝĞŵ͘ WĂƌĂƵŐŬŽŬŝ ŝǌǀĤůĤƟ ŶŽ ǀĂůĚĂƵĚǌĞƐ͕  
ǀĞƐĞůţŐŝ͕  Ăƌ  ǀŝĞŶƵ  ƐƚƵŵďƌƵ͕  ďĞǌ  ďƻƟƐŬŝĞŵ  ƌĞĚǌĂŵŝĞŵ  ďŽũĈũƵŵŝĞŵ͕  ƉĤĐ  ŝĞƐƉĤũĂƐ  
ŝǌǀĂŝƌŽƟĞƐ  ŶŽ  ŬŽŶŬƵƌĞŶĐĞƐ  ĞĨĞŬƚĂ  ;�ƌƵŶŶĞƌ͕   EŝŐŚ͕  ϮϬϬϬͿ͘  EŽ  ƐƚƵŵďƌĂ  ŝǌǌĈŔĤƟ  
ƉĂƌĂƵŐŝ Ϭ͘Ϯථŵ ƵŶ ϭ͘ϯථŵ ĂƵŐƐƚƵŵĈ͕ ƵŶ ƚĈůĈŬ  ŝŬ ƉĤĐ Ϯ ŵĞƚƌŝĞŵ͘ WĂƌĂƵŐŝ ƟŬĂ ǎĈǀĤƟ͕  
ƐůţƉĤƟ͕  ƵŶ  ŐĂĚƐŬĈƌƚĂƐ  ƐĂƐŬĂŝƤƚĂƐ  Ăƌ  ŵŝŬƌŽƐŬŽƉĂ  ƉĂůţĚǌţďƵ͘  <ĂƚƌĈ  ĂƵŐƐƚƵŵĈ  ƟŬĂ  
ŶŽƚĞŝŬƚƐ ŬŽŬĂ ǀĞĐƵŵƐ͘ 

ϭϱ



2.5. Meteoroloģisko faktoru ietekme uz dažādu dimensiju dižskābaržu  
caurmēra pieaugumu

DĞƚĞŽƌŽůŽŔŝƐŬŽ  ĨĂŬƚŽƌƵ  ŝĞƚĞŬŵĞ  Ƶǌ  ĚĂǎĈĚƵ  ĚŝŵĞŶƐŝũƵ  ĚŝǎƐŬĈďĂƌǎƵ 
ĐĂƵƌŵĤƌĂ  ƉŝĞĂƵŐƵŵƵ  ƉĤƤƚĂ  dĂůƐƵ  ŶŽǀĂĚĈ͘  �ŝǀŝ  ĂƚƓŭŝƌţŐƵ  ƉĂĂƵĚǎƵ  ŬŽŬŝ  ĂƉƌţŬŽƟ 
Ăƌ  ĚĞŶĚƌŽŵĞƚƌŝĞŵ  ĐĂƵƌŵĤƌĂ  ƉŝĞĂƵŐƵŵĂ  ǀĞŝĚŽƓĂŶĈƐ  ĚŝŶĂŵŝŬĂƐ  ŶŽǀĤƌƚĤƓĂŶĂŝ 
ƐĞǌŽŶĂƐ  ŝĞƚǀĂƌŽƐ͘  <ŽŬŝ  ŝǌǀĤůĤƟ  ĚŝǎƐŬĈďĂƌǎƵ  ʹ  ƉƌŝĞǎƵ  ŵŝƐƚƌĂƵĚǌĤ͕  ŵĈůĂŝŶĈ 
ŶŽƌŵĈůĂ  ŵŝƚƌƵŵĂ  ŵŝŶĞƌĈůĂƵŐƐŶĤ͕  ŵĞǎĂ  ƟƉƐ  ĚĂŵĂŬƐŶŝƐ͘  �ďŝ  ŬŽŬŝ  ĂƚƌĂĚĈƐ  ϴථŵ 
ĂƩĈůƵŵĈ  ǀŝĞŶƐ  ŶŽ  ŽƚƌĂ͘  WŝƌŵĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬĂŵ  ĂƵŐƐƚƵŵƐ  ϯϰථŵ͕  ŬƌƻƓĂƵŐƐƚƵŵĂ  
ĐĂƵƌŵĤƌƐ  ϱϱථĐŵ͕  ǀĞĐƵŵƐ  ϭϮϳ  ŐĂĚŝ͘  KƚƌĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬĂŵ  ĂƵŐƐƚƵŵƐ  ϭϮ͘ϲථŵ͕ 
ŬƌƻƓĂƵŐƐƚƵŵĂ  ĐĂƵƌŵĤƌƐ  ϭϲථĐŵ͕  ǀĞĐƵŵƐ  ϰϯ  ŐĂĚŝ͘  ^ƚƵŵďƌĂ  ĐĂƵƌŵĤƌĂ  ŝǌŵĂŝźƵ  
ŵŽŶŝƚŽƌĤƓĂŶĂ  ǀĞŝŬƚĂ  ŬƌƻƓĂƵŐƐƚƵŵĈ͕  ĮŬƐĤƚĂ  ŝŬ  ƉĤĐ  ϭϬ  ŵŝŶƻƚĤŵ  Ăƌ  ĚĞŶĚƌŽŵĞƚƌƵ 
�Z>Ϯϲ�  ;�D^ �ƌŶŽ͕  �ǌĞĐŚ  ZĞƉƵďůŝĐͿ͘  /ŶĨŽƌŵĈĐŝũĂ  ƉĂƌ ŵĞƚĞŽƌŽůŽŔŝƐŬĂũŝĞŵ ĚĂƟĞŵ  
ĂƵĚǌĤ  ŝĞŐƻƟ  ŶŽ  ďůĂŬƵƐ  ŶŽǀŝĞƚŽƚĈƐ  ŵŽďŝůĈƐ  ŵĞƚĞŽƐƚĂĐŝũĂƐ  ;sĂŶƚĂŐĞ  WƌŽϮ͕  �ĂǀŝƐ  
/ŶƐƚƌƵŵĞŶƚƐ͕ h^�Ϳ͘  �ƵŐƐŶĞƐ  ƻĚĞŶƐ  ƉŽƚĞŶĐŝĈůƐ ŵĤƌţƚƐ  Ăƌ  ƚĞŶƐŝŽŵĞƚƌŝĞŵ  ;dϴ͕ hD^ 
'ŵď,͕ 'ĞƌŵĂŶǇͿ͘ 

>Ăŝ  ŶŽǀĤƌƚĤƚƵ  ŐĂĚƐŬĈƌƚƵ  ƉůĂƚƵŵƵ  ŝĞƚĞŬŵĤũŽƓŽƐ  ĨĂŬƚŽƌƵƐ  ŝůŐĈŬĈ  ůĂŝŬĂ  
ƉŽƐŵĈ͕  ƉĤƤũƵŵƐ  ǀĞŝŬƚƐ  ƚƌŝũĈƐ  ĚŝǎƐŬĈďĂƌǎĂ  ĂƵĚǌĤƐ  dĂůƐƵ  ŶŽǀĂĚĈ͕  ŝǌǀĤůŽƟĞƐ  
ϰϱ  ĚĂǎĈĚƵ  <ƌĂŌĂ  ŬůĂƓƵ  ŬŽŬƵƐ  ŬĂƚƌĈ  ĂƵĚǌĤ͕  ƵŶ  ǀŝĞŶĈ  ĂƵĚǌĤ  WƌŝĞŬƵůĞƐ  ŶŽǀĂĚĈ  
;ϵ ŬŽŬŝͿ͘ sŝƐĂƐ ĂƵĚǌĞƐ ĂƚƌŽĚĂƐ ƐĂůţĚǌŝŶŽƓŝ ůţĚǌĞŶĈ ƌĞůũĞĨĈ͕ ŶŽƌŵĈůĂ ŵŝƚƌƵŵĂ ĂƵŐůţŐĈ͕  
ŵĈůĂŝŶĈ ŵŝŶĞƌĈůĂƵŐƐŶĤ͘ �ŝǎƐŬĈďĂƌǎŽƐ Ăƌ WƌĞƐůĞƌĂ ƉŝĞĂƵŐƵŵĂ ƐǀĈƌƉƐƚƵ ǀĞŝŬƟ ŬĂƚƌĈ  
Ěŝǀŝ ƵƌďƵŵŝ ŬƌƻƓĂƵŐƐƚƵŵĈ ŶŽ ƉƌĞƚĤũĈŵ ƉƵƐĤŵ͘ 'ĂĚƐŬĈƌƚƵ ƉůĂƚƵŵƐ ŵĤƌţƚƐ ŵĂŶƵĈůŝ͕  
ŝǌŵĂŶƚŽũŽƚ  >ŝŶƚĂď  ϱ  ƐŝƐƚĤŵƵ  ;ZŝŶŶƚĞĐŚ͕  ,ĞŝĚĞůďĞƌŐ͕  'ĞƌŵĂŶǇͿ  Ăƌ  ƉƌĞĐŝǌŝƚĈƟ   
Ϭ͘Ϭϭථŵŵ͘  EŽŵĤƌţƚŽ  ŐĂĚƐŬĈƌƚƵ  ƐĤƌŝũƵ  ŬǀĂůŝƚĈƟ  ;ĚĂƚĤũƵŵƵƐͿ  ƉĈƌďĂƵĚţũĂ͕  ǀĞŝĐŽƚ  
ǀŝǌƵĈůƵ  ƵŶ  ƐƚĂƟƐƟƐŬƵ  ƓŭĤƌƐĚĂƚĤƓĂŶƵ  Ăƌ  �K&��,�  ƉƌŽŐƌĂŵŵƵ  ;'ƌŝƐƐŝŶŽͲDĂǇĞƌ͕   
ϮϬϬϭͿ͕ ƚ͘ථŝ͕͘ ƉĈƌďĂƵĚţũĂ ƐĤƌŝũƵ ŵĂŝŶţďĂƐ ƐĂǀƐƚĂƌƉĤũŽ ƐĂƐŬĂŶţďƵ͘ 

3. REZULTĀTI UN DISKUSIJA

3.1. Dižskābarža dabisko atjaunošanos ietekmējošie faktori izcirtumā un  
zem audzes vainagu klāja, un otrās paaudzes ģenētiskā daudzveidība

sĂŝŶĂŐƵ  ŬůĈũƐ  ĂŝǌƚƵƌ  ůŝĞůĈŬŽ  ĚĂŲƵ  ƐĂƵůĞƐ  ŐĂŝƐŵĂƐ͕  ƵŶ  ƉĂŵĞǎƵ  ƵŶ  ƉĂĂƵŐƵ  
ƐĂƐŶŝĞĚǌ ŵĂǌĈŬ ŶĞŬĈ ϮϬй ŶŽ ŬŽƉĤũĈƐ ŐĂŝƐŵĂƐ ;ϯ͘ϭ͘ථĂƩ͘Ϳ͘ �ŝǎƐŬĈďĂƌǎĂ ƉĂĂƵŐĂƐ ŬŽŬƵ 
ĂƵŐƐƚƵŵƐ ǀŝĚĤũŝ ĐŝĞƓŝ ŬŽƌĞůĤ Ăƌ ŐĂŝƐŵĂƐ ĂƉƐƚĈŬŲŝĞŵ ǌĞŵ ǀĂŝŶĂŐƵ ŬůĈũĂ͘

ϭϲ



ϭϳ

ϯ͘ϭ͘ථĂƩ͘ Gaismas apstākļus raksturojošo parametru vidējās vērtības  
(± 95% ticamības intervāls)
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�ďĈƐ  ĚŝǎƐŬĈďĂƌǎĂ  ƤƌĂƵĚǌĤƐ  ǀŝƐŝ  ĂƉƌĤŭŝŶĈƟĞ  ŐĂŝƐŵĂƐ  ƉĂƌĂŵĞƚƌŝ  ďŝũĂ  
ƐĂǀƐƚĂƌƉĤũŝ  ďƻƟƐŬŝ  ƐĂŝƐƤƟ͕  ƵŶ  ƟĞŵ  ďŝũĂ  ůţĚǌţŐĂ  ŝǌŬůŝĞĚĞ  ;ǀĂƌŝĈĐŝũĂƐ  ŬŽĞĮĐŝĞŶƚƐ 
~ϰϬйͿ͘  /ǌŬůŝĞĚĤƚĈ  ƵŶ  ŬŽƉĤũĈ  ŐĂŝƐŵĂ  ďŝũĂ  ŐĂůǀĞŶŝĞ  ůŝŵŝƚĤũŽƓŝĞ  ĨĂŬƚŽƌŝ  ůŝĞůĈŬĂũĂŝ 
ĚĂŲĂŝ  ƉĂĂƵŐĂƐ  ƐƵŐƵ  ;ŝǌźĞŵŽƚ  ĞŐůŝͿ͘  sŝƐǌĞŵĈŬĂŝƐ  ŝǌŬůŝĞĚĤƚĈƐ  ŐĂŝƐŵĂƐ  ƐůŝĞŬƐŶŝƐ͕  ŬĈ 
Ăƌţ  ŬŽƉĤũĈƐ  ŐĂŝƐŵĂƐ  ǀĤƌƤďĂ  ŶŽǀĤƌŽƚĂ  ĚŝǎƐŬĈďĂƌĚŝŵ  ƵŶ  ŽƐŝŵ  ;ĂƫĞĐţŐŝ  Ϭ͘ϯϳ  ƵŶ  
Ϭ͘ϲϲථŵŽůථŵͲϮථĚŝĞŶĈͿ  ;ϯ͘ϭ͘ථƚĂď͘Ϳ͘  EŽ  ŬŽŶƐƚĂƚĤƚĂũĈŵ  ƉĂĂƵŐĂƐ  ƵŶ  ƉĂŵĞǎĂ  ƐƵŐĈŵ 
ǀŝƐĂƵŐƐƚĈŬĂŝƐ  ŝǌŬůŝĞĚĤƚĈƐ ŐĂŝƐŵĂƐ ƐůŝĞŬƐŶŝƐ ďŝũĂ ďĂůƚĞŐůĞŝ ƵŶ ƉţůĈĚǌŝŵ ;ĂƫĞĐţŐŝ Ϭ͘ϳϱ  
ƵŶ  ϭ͘ϬϱථŵŽůථŵͲϮථĚŝĞŶĈͿ͘  WĂƌĂƵŐůĂƵŬƵŵŽƐ  ǌĞŵ  ƉŝĞĂƵŐƵƓĈƐ  ĂƵĚǌĞƐ  ƵǌƐŬĂŝƤƚĈƐ 
ĚŝǎƐŬĈďĂƌǎĂ  ƉĂĂƵŐĂƐ  ŬŽŬƵ  ƐŬĂŝƚƐ  ǀĂƌŝĤũĂ  ŶŽ  ϮϱϬϬ  ůţĚǌ  ϭϯථϬϬϬ  Ƶǌ  ŚĞŬƚĈƌĂ͕  ŬĂƐ  
ƉĈƌƐŶŝĞĚǌ  >ĂƚǀŝũĂƐ  ŶŽƌŵĂƤǀĂũŽƐ  ĂŬƚŽƐ  ŶŽƌĈĚţƚŽ  ŵŝŶŝŵĈůŝ  ŶĞƉŝĞĐŝĞƓĂŵŽ  ŬŽŬƵ  
ƐŬĂŝƚƵ ũĂƵŶĂƵĚǌĤ ;ϭϱϬϬ Ƶǌ ŚĂͿ͘

ϯ͘ϭ͘ථƚĂďƵůĂ
Aprēķinātās un uzmērītās gaismas parametru vērtības 

<ŽŬƵ ƐƵŐĂ
'ĂŝƐŵĂ ;ŵŽůථŵͲϮථĚŝĞŶĈͿ

�ƉƌĤŭŝŶĈƚĈ &ĂŬƟƐŬĈ ;ƵǌŵĤƌţƚĈͿ
/ǌŬůŝĞĚĤƚĈ <ŽƉĤũĈ /ǌŬůŝĞĚĤƚĈ <ŽƉĤũĈ

�ŝǎƐŬĈďĂƌĚŝƐ Ϭ͘ϯϳ ;Ϯ͘ϰϴйͿ Ϭ͘ϭϵ ;Ϭ͘ϰϮйͿ Ϭ͘Ϯϴ ;ϭ͘ϵйͿ Ϭ͘ϲϲ ;ϭ͘ϰϱйͿ
�ŐůĞ Ͳ Ͳ Ϭ͘ϲϴ ;ϰ͘ϲϭйͿ ϭ͘ϰϱ ;ϯ͘ϭϵйͿ
�ĂůƚĞŐůĞ Ϭ͘ϳϵ ;ϱ͘ϯϮйͿ Ϯ͘ϰϮ ;ϱ͘ϯϭйͿ Ϭ͘ϳϬ ;ϰ͘ϳϰйͿ ϭ͘ϴϵ ;ϰ͘ϭϱйͿ



ϭϴ

/ǌĐŝƌƚƵŵŽƐ  ŝĞƌţŬŽƚĂũŽƐ  ƉĂƌĂƵŐůĂƵŬƵŵŽƐ  ŬŽŶƐƚĂƚĤƚŽ  ĂƵŐƵ  ƐƵŐƵ  �ůůĞŶďĞƌŐĂ  
ǀĤƌƤďĂƐ  ŶĞĂƚƓŭţƌĈƐ  ďƻƟƐŬŝ  ĂƚŬĂƌţďĈ  ŶŽ  ĂƩĈůƵŵĂ  ůţĚǌ  ŵĞǎĂ  ƐŝĞŶĂŝ͘  sĂƌ  ƵǌƐŬĂƤƚ͕  
ŬĂ  ǀŝƐĈ  ŝǌĐŝƌƚƵŵĈ  ĂƵŐƓĂŶĂƐ  ĂƉƐƚĈŬŲŝ  ďŝũĂ  ƐĂŵĤƌĈ  ǀŝĞŶŵĤƌţŐŝ͕  ƵŶ  ĚŝǎƐŬĈďĂƌǎĂ  
ĂƚũĂƵŶŽƓĂŶŽƐ ŝĞƚĞŬŵĤũĂ ĐŝƟ ĨĂŬƚŽƌŝ͘ ^ĂŬĂƌţďĂ ƐƚĂƌƉ ĚŝǎƐŬĈďĂƌǎƵ ƐŬĂŝƚƵ ƵŶ ĂƵŐƐƚƵŵƵ 
ŶĞƟŬĂ  ŬŽŶƐƚĂƚĤƚĂ  ;pථсථϬ͘ϵϮͿ͘  �ŶĂůŝǌĤũŽƚ  ĐŝƚƵ  ǀĤƌƚĤƚŽ  ƉĂǌţŵũƵ  ;ŶŽǀĤƌŽũƵŵƵ  ǀŝĞƚĂ͕  
ƉĂƌĂƵŐůĂƵŬƵŵƵ  ĂƩĈůƵŵƐ  ůţĚǌ  ŵĞǎĂ  ƐŝĞŶĂŝ͕  ĐŝƚƵ  ŬŽŬĂƵŐƵ  ƐŬĂŝƚƐ  ƵŶ  ƚŽ  ĂƵŐƐƚƵŵƐ͕  
ĂƵŐƵ  ƐƵŐƵ  ƐŬĂŝƚƐ͕  ůĂŬƐƚĂƵŐƵ  ƵŶ  ƐƻŶƵ  ƉƌŽũĞŬƤǀĂŝƐ  ƐĞŐƵŵƐͿ  ŝĞƐƉĤũĂŵŽ  ƐĂŝŬŶŝ  Ăƌ  
ĚŝǎƐŬĈďĂƌǎƵ  ƐŬĂŝƚƵ  ƵŶ  ĂƵŐƐƚƵŵƵ͕  ŬŽŶƐƚĂƚĤƚƐ͕  ŬĂ  ĚĂǎĈĚĈƐ  ŶŽǀĤƌŽũƵŵƵ  ǀŝĞƚĈƐ  
ďƻƟƐŬŝ  ŶĞĂƚƓŭţƌĈƐ  ĚŝǎƐŬĈďĂƌǎƵ  ƐŬĂŝƚƐ  ;pථсථϬ͘ϯϬͿ͕  ƚƵƌƉƌĞƤ  ƚŽ  ĂƵŐƐƚƵŵĂ  ĂƚƓŭŝƌţďĂƐ  
ďŝũĂ ďƻƟƐŬĂƐ ;pථфථϬ͘ϬϬϭͿ͘

sŝĚĤũĂŝƐ  ĚŝǎƐŬĈďĂƌǎƵ  ũĂƵŶĂƵĚǌĞƐ  ďŝĞǌƵŵƐ  ďŝũĂ  ϮϱϮϬථцϳϮϬථŬŽŬŝථŚĂͲϭ  ;ƌŽďĞǎĈƐ  
ŶŽ  ϰϬϬ  ůţĚǌ  ϭϭථϮϬϬͿ͘  WţƌƐŽŶĂ  ŬŽƌĞůĈĐŝũĂƐ  ĂŶĂůţǌĤ  ŬŽŶƐƚĂƚĤƚƐ͕  ŬĂ  ĚŝǎƐŬĈďĂƌǎƵ  
ďŝĞǌƵŵĂŵ  ƉĂƐƚĈǀ  ďƻƟƐŬĂ  ;pථфථϬ͘ϬϱͿ  ŶĞŐĂƤǀĂ  ŬŽƌĞůĈĐŝũĂ  Ăƌ  ĐŝƚƵ  ŬŽŬĂƵŐƵ  ƐŬĂŝƚƵ  
;rථсථͲϬ͘ϯϮͿ͕  Ăƌ  ƐƻŶƵ  ƉƌŽũĞŬƤǀŽ  ƐĞŐƵŵƵ  ;rථсථͲϬ͘ϯϭͿ  ƵŶ  Ăƌ  ƉĂƌĂƵŐůĂƵŬƵŵƵ  ĂƩĈůƵŵƵ  
ůţĚǌ ŵĞǎĂ ƐŝĞŶĂŝ ;rථсථͲϬ͘ϯϴͿ ;ϯ͘Ϯ͘ථĂƩ͘Ϳ͘ 

ϯ͘Ϯ͘ථĂƩ͘ Dižskābarža biezumu un augstumu ietekmējošie faktori 
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'LåVNƗEDUåX�YLG��DXJVWXPV���$YHUDJH�KHLJKW�RI�EHHFK

sĞŝĐŽƚ ĚĂƵĚǌĨĂŬƚŽƌƵ ůŝŶĞĈƌĈƐ ƌĞŐƌĞƐŝũĂƐ ĂŶĂůţǌŝ ;ǀŝƐƉŝƌŵƐ ǀŝƐĈŵ ƉĂǌţŵĤŵ͕ ƵŶ 
ƚĂĚ ĂƚŬĈƌƚŽũŽƚ ƉĤĐ ŶĞďƻƟƐŬŽ ƉĂǌţŵũƵ ʹ ǀŝĞƚĂ͕ ƐƵŐƵ ƐŬĂŝƚƐ͕ ƐƻŶƵ ƐĞŐƵŵƐ͕ ůĂŬƐƚĂƵŐƵ  
ƐĞŐƵŵƐ  ʹ  ƉĂŬĈƉĞŶŝƐŬĂƐ  ŝǌƐůĤŐƓĂŶĂƐͿ͕  ŬŽŶƐƚĂƚĤƚƐ͕  ŬĂ  ĚŝǎƐŬĈďĂƌǎƵ  ƐŬĂŝƚƵ  ďƻƟƐŬŝ 
;pථфථϬ͘ϬϱͿ ŝĞƚĞŬŵĤũĂ ĐŝƚƵ ŬŽŬĂƵŐƵ ƐŬĂŝƚƐ ƵŶ ƚŽ ĂƵŐƐƚƵŵƐ͕ ŬĈ Ăƌţ ĂƩĈůƵŵƐ ůţĚǌ ŵĞǎĂ 
ŵĂůĂŝ͖ ŵŽĚĞůŝŵ RϮථсථϬ͘ϯϰ͘ 



ϭϵ

sŝĚĤũĂŝƐ  ĚŝǎƐŬĈďĂƌǎƵ  ĂƵŐƐƚƵŵƐ  ďŝũĂ  ϮϬϭථцϮϱ͘ϴථĐŵ͘  WţƌƐŽŶĂ  ŬŽƌĞůĈĐŝũĂƐ  
ĂŶĂůţǌĤ  ŬŽŶƐƚĂƚĤƚƐ͕  ŬĂ  ĚŝǎƐŬĈďĂƌǎƵ  ĂƵŐƐƚƵŵĂŵ  ƉĂƐƚĈǀ  ďƻƟƐŬĂ  ;pථфථϬ͘ϬϭͿ  ŶĞŐĂƤǀĂ  
ŬŽƌĞůĈĐŝũĂ  Ăƌ  ĐŝƚƵ  ŬŽŬĂƵŐƵ  ƐŬĂŝƚƵ  ;rථсථͲϬ͘ϰϮͿ  ƵŶ ďƻƟƐŬĂ ƉŽǌŝƤǀĂ ʹ  Ăƌ  ĐŝƚƵ  ŬŽŬĂƵŐƵ  
ĂƵŐƐƚƵŵƵ  ;rථсථϬ͘ϱϳͿ͘  sĞŝĐŽƚ  ĚĂƵĚǌĨĂŬƚŽƌƵ  ůŝŶĞĈƌĈƐ  ƌĞŐƌĞƐŝũĂƐ  ĂŶĂůţǌŝ͕  ŬŽŶƐƚĂƚĤƚƐ͕  
ŬĂ ďƻƟƐŬĂ ŝĞƚĞŬŵĞ ŝƌ ƟŬĂŝ ǀŝĞƚĂŝ ;ƉĈƌĤũĈŵ ĂŶĂůŝǌĤƚĂũĈŵ ƉĂǌţŵĤŵ pථхථϬ͘ϮϯͿ͘ dĈůĈŬĈ  
ĂŶĂůţǌĞ  ǀĞŝŬƚĂ  ŬĂƚƌĂŝ  ŶŽǀĤƌŽũƵŵƵ  ǀŝĞƚĂŝ  ĂƚƐĞǀŝƓŭŝ  ƵŶ  ŬŽŶƐƚĂƚĤƚƐ͕  ŬĂ  ƟŬĂŝ  ǀŝĞŶĈ  
ŶŽ ŽďũĞŬƟĞŵ ĚĂƵĚǌĨĂŬƚŽƌƵ ůŝŶĞĈƌĈƐ ƌĞŐƌĞƐŝũĂƐ ŵŽĚĞůŝƐ ŝƌ ďƻƟƐŬƐ͘ �ƚŬĈƌƚŽũŽƚ ĂŶĂůţǌŝ  
Ɠŝŵ ŽďũĞŬƚĂŵ ;ǀŝĞƚĂŝͿ ƉĤĐ ƉĂŬĈƉĞŶŝƐŬĂƐ ŶĞďƻƟƐŬŽ ƉĂǌţŵũƵ ŝǌƐůĤŐƓĂŶĂƐ͕ ŬŽŶƐƚĂƚĤƚƐ͕  
ŬĂ ŵŽĚĞůŝŵ RϮථсථϬ͘ϱϳ͕  ƵŶ  ĚŝǎƐŬĈďĂƌǎƵ  ĂƵŐƐƚƵŵƵ  ďƻƟƐŬŝ  ;pථфථϬ͘ϬϱͿ  ŝĞƚĞŬŵĤũĂ  ĐŝƚƵ 
ƐƵŐƵ ŬŽŬƵ ŬůĈƚďƻƚŶĞ ;ďŝĞǌƵŵƐͿ ƵŶ ƚŽ ĂƵŐƐƚƵŵƐ͘

�ŝǎƐŬĈďĂƌĚŝƐ  ƐĞŬŵţŐŝ  ĂƚũĂƵŶŽũĂƐ  ;ǀŝƐŵĂǌ  ϭϱϬϬ  ŬŽŬŝ  Ƶǌ  ŚĂͿ  ŝǌĐŝƌƚƵŵŽƐ  ƉĤĐ  
ǀŝĞŶůĂŝĚƵƐ  ĂƚũĂƵŶŽƓĂŶĂƐ  ĐŝƌƚĞƐ͕  ũĂ  ƉŝĞƟĞŬĂŵŝ  ŶĞƚĈůƵ  ;ůţĚǌ  ϱϬථŵͿ  ĂƚƌŽĚĂƐ  ƐĤŬůƵ  
ĂǀŽƚƐ͘ 

sĞŝĐŽƚ ŔĞŶĤƟƐŬĈƐ ĂŶĂůţǌĞƐ͕ dĂůƐƵ ŶŽǀĂĚĂ ĚŝǎƐŬĈďĂƌǎƵ ĂƵĚǌĞƐ ƉĂƌĂƵŐůĂƵŬƵŵĈ 
ϱϯй  ŶŽ  ĂŶĂůŝǌĤƚĂũŝĞŵ  ŽƚƌĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬŝĞŵ  ƟŬĂ  ŝĚĞŶƟĮĐĤƚƐ  ǀŝƐŵĂǌ  ǀŝĞŶƐ  ŶŽ 
ǀĞĐĈŬƵ  ŬŽŬŝĞŵ͕  ďĞƚ  WƌŝĞŬƵůĞƐ  ŶŽǀĂĚĂ  ĂƵĚǌĤ  ʹ  ϰϮй͘  sŝƐďŝĞǎĈŬ  ǀĞĐĈŬƵ  ŬŽŬŝĞŵ  
ƟŬĂ  ŬŽŶƐƚĂƚĤƚƐ  ƉĂ  ǀŝĞŶĂŵ  ƉĤĐŶĈĐĤũĂŵ  ʹ  dĂůƐƵ  ŶŽǀĂĚĈ  ϴ  ŐĂĚţũƵŵŽƐ͕  WƌŝĞŬƵůĞƐ  
ŶŽǀĂĚĈ  ϭϬ  ŐĂĚţũƵŵŽƐ  ;ϯ͘ϯ͘ථĂƩ͘Ϳ͘  <ĂƚƌĈ  ƉĂƌĂƵŐůĂƵŬƵŵĈ  ŝĚĞŶƟĮĐĤƚƐ  ǀŝĞŶƐ  ŬŽŬƐ  
Ăƌ  ƐĂůţĚǌŝŶŽƓŝ  ĚĂƵĚǌŝĞŵ  ƉĤĐŶĈĐĤũŝĞŵ  ʹ  dĂůƐƵ  ŶŽǀĂĚĈ  Ăƌ  ϭϯ͕  WƌŝĞŬƵůĞƐ  ŶŽǀĂĚĈ  Ăƌ 
ϭϭ ƉĤĐŶĈĐĤũŝĞŵ͘

ϯ͘ϯ͘ථĂƩ͘ Koku skaita sadalījums pa ģimenēm dižskābarža dabiskajā atjaunošanā 
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7DOVX�QRYDGD�DXG]H���7DOVL�VWDQG
3ULHNXOHV�QRYDGD�DXG]H���3ULHNXOH�VWDQG



ϮϬ

+ĞŶĤƟƐŬĈƐ ĚĂƵĚǌǀĞŝĚţďĂƐ ƌĈĚţƚĈũŝ ůŝĞĐŝŶĂ͕ ŬĂ WƌŝĞŬƵůĞƐ ŶŽǀĂĚĂ ĂƵĚǌĤ ǀĞĐĈŬƵ 
ƉĂĂƵĚǌĞ ŝƌ ƐĂǀƐƚĂƌƉĤũŝ ƌĂĚŶŝĞĐţŐĈŬĂ ŶĞŬĈ dĂůƐƵ ŶŽǀĂĚĂ ĂƵĚǌĤ ;ϯ͘Ϯ͘ථƚĂď͘Ϳ͘ 

ϯ͘Ϯ͘ථƚĂďƵůĂ
Ģenētiskās daudzveidības rādītāju vidējās vērtības (±standartkļūda) 

WŽƉƵůĈĐŝũĂ
WƌŝĞŬƵůĞƐ 

ŶŽǀ͘  
ǀĞĐĈŬƵ 
ŬŽŬŝ

WƌŝĞŬƵůĞƐ 
ŶŽǀ͘  ŽƚƌĈ 
ƉĂĂƵĚǌĞ

dĂůƐƵ ŶŽǀ͘  
ǀĞĐĈŬƵ 
ŬŽŬŝ

dĂůƐƵ 
ŶŽǀ͘  ŽƚƌĈ 
ƉĂĂƵĚǌĞ

�ůĤŲƵ ƐŬĂŝƚƐ ϰ͘ϰථцϬ͘Ϯϲ ϰ͘ϵථцϬ͘ϯϳ ϵ͘ϲථцϭ͘Ϭϭ ϴ͘ϲථцϬ͘ϴϴ
�ůĤŲƵ Ăƌ ţƉĂƚƐǀĂƌƵ шථϱй ƐŬĂŝƚƐ ϯ͘ϲථцϬ͘ϮϮ ϯ͘ϱථцϬ͘ϮϮ ϰ͘ϰථцϬ͘ϯϲ ϰ͘ϴථцϬ͘ϰϭ
�ĨĞŬƤǀŽ ĂůĤŲƵ ƐŬĂŝƚƐ ϯ͘ϬථцϬ͘ϭϵ Ϯ͘ϲථцϬ͘ϭϵ ϰ͘ϮථцϬ͘ϰϱ ϰ͘ϯථцϬ͘ϰϮ
aĞŶŽŶĂ ĚĂƵĚǌǀĞŝĚţďĂƐ ŝŶĚĞŬƐƐ ϭ͘ϮථцϬ͘Ϭϲ ϭ͘ϭථцϬ͘Ϭϲ ϭ͘ϲථцϬ͘ϭϭ ϭ͘ϲථцϬ͘ϭϬ
^ĂŐĂŝĚĈŵĈ ŚĞƚĞƌŽǌŝŐŽƚĈƚĞ Ϭ͘ϲථцϬ͘Ϭϯ Ϭ͘ϲථцϬ͘Ϭϯ Ϭ͘ϳථцϬ͘Ϭϯ Ϭ͘ϳථцϬ͘Ϭϯ

dĂƐ ǀĂƌĤƚƵ ďƻƚ  ŝǌƐŬĂŝĚƌŽũĂŵƐ Ăƌ ƐĤŬůƵ  ŝǌĐĞůƐŵŝ ŵĞǎĂƵĚǎƵ ŝĞƌţŬŽƓĂŶĂŝ͘ dŽŵĤƌ 
ĚĂƵĚǌǀĞŝĚţďĂƐ  ƌĈĚţƚĈũŝ  ďƻƟƐŬŝ  ŶĞĂƚƓŭţƌĈƐ  ƐƚĂƌƉ  ƉĂĂƵĚǌĤŵ  ŶĞǀŝĞŶĈ  ŶŽ  ĂƵĚǌĤŵ͕ 
ŔĞŶĤƟƐŬĈ ĚĂƵĚǌǀĞŝĚţďĂ ŶĈŬĂŵĂũĈ ƉĂĂƵĚǌĤ ŶĞƐĂŵĂǌŝŶĈƐ͘ 

3.2. Dižskābarža otrās paaudzes stādījumu saglabāšanās un augšana  
Latvijas centrālajā daļā

DŝƐƚƌŽƚĈ ĚŝǎƐŬĈďĂƌǎƵ ʹ ĞŐŲƵ ĂƵĚǌĤ dĤƌǀĞƚĞƐ ŶŽǀĂĚĈ ϭϮ ŐĂĚƵƐ ƉĤĐ ŝĞƐƚĈĚţƓĂŶĂƐ  
ĚŝǎƐŬĈďĂƌǎƵ  ƐĂŐůĂďĈƓĂŶĈƐ  ďŝũĂ  ĂƉŵŝĞƌŝŶŽƓĂ  ƵŶ  ůţĚǌţŐĂ  ŬĈ  ĞŐůĤŵ  ;ĂƫĞĐţŐŝ  ϳϯй  
ƵŶ  ϳϴйͿ͘  �ŝǎƐŬĈďĂƌĚŝŵ  ĂƵŐƐƚƵŵƐ  ƵŶ  ĐĂƵƌŵĤƌƐ  ďŝũĂ  ƐƚĂƟƐƟƐŬŝ  ďƻƟƐŬŝ  ůŝĞůĈŬƐ  ŶĞŬĈ  
ĞŐůĞŝ  ;ĂƵŐƐƚƵŵƐ  ĂƫĞĐţŐŝ  ϳ͘ϰථцϬ͘ϯϬථŵ  ƵŶ  ϯ͘ϭථцϬ͘ϯϬථŵ͕  ĐĂƵƌŵĤƌƐ  ϴ͘ϵථцϬ͘ϲϴථĐŵ  
ƵŶ  ϯ͘ϬථцϬ͘ϰϭථĐŵͿ͘  /ŬŐĂĚĤũĂŝƐ  ƌĂĚŝĈůĂŝƐ  ƉŝĞĂƵŐƵŵƐ  ĚŝǎƐŬĈďĂƌĚŝŵ  ďŝũĂ  ŝĞǀĤƌŽũĂŵŝ  
ůŝĞůĈŬƐ  ŶĞŬĈ  ĞŐůĞŝ  ;ϯ͘ϰ͘ථĂƩ͘Ϳ͕  ĂƚƓŭŝƌţďĂƐ  ƐƚĂƌƉ  ŬŽŬƵ  ƐƵŐĈŵ  ďŝũĂ  ƐƚĂƟƐƟƐŬŝ  ďƻƟƐŬĂƐ  
ƵŶ ƉŝĞĂƵŐŽƓĂƐ ůţĚǌ Ăƌ ǀĞĐƵŵƵ͘ 



Ϯϭ

ϯ͘ϰ͘ථĂƩ͘ Dižskābarža un egles vidējais gadskārtu platums  
(±95% ticamības intervāls)
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'LåVNƗEDUGLV���(XURSHDQ�EHHFK (JOH���1RUZD\�VSUXFH

�ƵĚǌĤ  ŶŽǀĤƌŽƚĂ  ŝǌƚĞŝŬƚĂ  ŬŽŶŬƵƌĞŶĐĞ  ƐƚĂƌƉ  ĂďƵ  ƐƵŐƵ  ŬŽŬŝĞŵ͘  DĂŬƐŝŵĈůĂŝƐ 
ĚŝǎƐŬĈďĂƌǎĂ  ǀĂŝŶĂŐĂ  ƌĈĚŝƵƐƐ  ďŝũĂ  ǀŝĚĤũŝ  Ϯ͘ϰථцϬ͘ϭϲථŵ͕  ŬĂƐ  ŝƌ  ůţĚǌǀĤƌƤŐƐ  Ăƌ  ĂƩĈůƵŵƵ 
ƐƚĂƌƉ  ƌŝŶĚĈŵ ƵŶ  ƐƚĂƌƉ  ƐƚĈĚǀŝĞƚĈŵ  ƌŝŶĚĈƐ͘ �ŝǎƐŬĈďĂƌǎƵ  ĂƵŐƓĂŶƵ ďƻƟƐŬŝ  ŝĞƚĞŬŵĤũŝƐ 
ĨŽƚŽƐŝŶƚĞǌĤũŽƓĈƐ  ǀŝƌƐŵĂƐ  ůĂƵŬƵŵƐ͕  ŬĂƐ  ƌĂŬƐƚƵƌŽƚƐ  Ăƌ  ǀĂŝŶĂŐĂ  ŵĂŬƐŝŵĈůŽ  ƌĈĚŝƵƐƵ͘  
sĂŝŶĂŐĂ  ŵĂŬƐŝŵĈůĂũĂŵ  ƌĈĚŝƵƐĂŵ  ŬŽŶƐƚĂƚĤƚĂ  ĐŝĞƓĂ  ƵŶ  ďƻƟƐŬĂ  ŬŽƌĞůĈĐŝũĂ  ŐĂŶ  
Ăƌ ŬŽŬĂ ĂƵŐƐƚƵŵƵ͕ ŐĂŶ Ăƌ  ĐĂƵƌŵĤƌƵ ŬƌƻƓĂƵŐƐƚƵŵĈ  ;ĂƫĞĐţŐŝ  rථсථϬ͘ϳϭ ƵŶ  rථсථϬ͘ϴϳͿ͘  
WŝƌŵĂũŽƐ  ĂƵŐƓĂŶĂƐ  ŐĂĚŽƐ  ĚŝǎƐŬĈďĂƌĚŝƐ  ŝǌŵĂŶƚŽ  ƚĞůƉƵ  ĚĂƵĚǌ  ĞĨĞŬƤǀĈŬ  ŶĞŬĈ  ĞŐůĞ͕  
ŝǌǀĞŝĚŽũŽƚ ƉůĂƓƵ ǀĂŝŶĂŐƵ ƵŶ ŝǌŵĂŶƚŽũŽƚ ǀŝƐƵƐ ƉŝĞĞũĂŵŽƐ ŐĂŝƐŵĂƐ ƌĞƐƵƌƐƵƐ͘ 

�ƉƚƵǀĞŶŝ  ϴϬй  ĚŝǎƐŬĈďĂƌǎƵ  ďŝũĂ  ƐĂŐůĂďĈũƵƓŝĞƐ  ϯϯ  ŐĂĚƵƐ  ƉĤĐ  ŝĞƐƚĈĚţƓĂŶĂƐ  
ǌĞŵ  ĂƵĚǌĞƐ  ǀĂŝŶĂŐƵ  ŬůĈũĂ  DĂĚŽŶĂƐ  ŶŽǀĂĚĈ͕  <ĂůƐŶĂǀĂƐ  ĂƉŬĈƌƚŶĤ͘  WůĂƤďĈ  
ŬŽŶƐƚĂƚĤƚĂ  Ăƌţ  ĂƚũĂƵŶŽƓĂŶĈƐ  Ăƌ  ĂƚǀĂƐĤŵ͘  �ŝǎƐŬĈďĂƌǎƵ  ĂƵŐƐƚƵŵƐ  ǀĂƌŝĤũĂ  ŶŽ  Ϭ͘ϯϬ 
ůţĚǌ  ϭϯථŵ͕  ĐĂƵƌŵĤƌƐ  ŬƌƻƓĂƵŐƐƚƵŵĈ  ʹ  ŶŽ  Ϭ͘Ϯ  ůţĚǌ  ϭϰ͘ϵථĐŵ͘  <ŽŬƵ  ƐĂĚĂůţũƵŵĂŵ 
ƉĤĐ  ĚŝŵĞŶƐŝũĈŵ  ŝƌ  ĂƉǀĤƌƐƚĂ  :  ĨŽƌŵĂ  ;ϯ͘ϱ͘ථĂƩ͘Ϳ͕  ŬĂƐ  ŝƌ  ƟƉŝƐŬŝ  ĤŶĐŝĞƤŐĈŵ  ƐƵŐĈŵ 
ƵŶ  ĂƉůŝĞĐŝŶĂ  ĚŝǎƐŬĈďĂƌǎĂ  ƉĂĂƵŐĂƐ  ŶŽƌŵĈůƵ  ĂƵŐƓĂŶƵ͘  aĈĚĈ  ǀĞŝĚĈ  ŬŽŬƵ  ƐƵŐĂƐ  
ƉŝĞůĈŐŽũĂƐ  ŝůŐƐƚŽƓŝ  ƐĂŐůĂďĈƟĞƐ  ƉĂĂƵŐĈ͕  ůţĚǌ  ŬĈĚĂ  ƚƌĂƵĐĤũƵŵĂ  ƌĞǌƵůƚĈƚĈ  ǀĂŝŶĂŐƵ  
ŬůĈũĈ  ŝǌǀĞŝĚŽƐŝĞƐ  ĂƚǀĤƌƵŵƐ  ƵŶ  ƌĂĚţƐŝĞƐ  ŝĞƐƉĤũĂ  ƐƚƌĂƵũĈŬĂŝ  ĂƵŐƓĂŶĂŝ  ;tĂŐŶĞƌ  et  
al͕͘ ϮϬϭϬͿ͘ 



ϮϮ

aŽ  ĚŝǎƐŬĈďĂƌǎƵ  ĂƵŐƓĂŶĂƐ  ůĂŝŬĈ  ;ϭϵϴϯ͘  ůţĚǌ  ϮϬϭϲ͘ථŐĂĚĂŵͿ  ǌŝĞŵĈƐ  ďŝũƵƓŝ  Ăƌţ  
ŲŽƟ  ĂƵŬƐƟ  ƉĞƌŝŽĚŝ  Ăƌ  ŐĂŝƐĂ  ƚĞŵƉĞƌĂƚƻƌƵ  ͲϯϬΣ�  ƵŶ  ǌĞŵĈŬƵ͕  ƚŽŵĤƌ  ŬůŝŵĂƟƐŬŝĞ  
ĂƉƐƚĈŬŲŝ  >ĂƚǀŝũĂƐ  ĐĞŶƚƌĈůĂũĈ  ĚĂŲĈ  ŝǌƌĈĚţũƵƓŝĞƐ  ƉŝĞŵĤƌŽƟ  ĚŝǎƐŬĈďĂƌǎƵ  ĂƚũĂƵŶŽƓĂŶĂŝ  
ǌĞŵ  ĂƵĚǌĞƐ  ǀĂŝŶĂŐƵ  ŬůĈũĂ  ;ŐĂŝƐĂ  ƚĞŵƉĞƌĂƚƻƌĂ  ƓĂũĈ  ŐĂĚţũƵŵĈ  ŶĞďŝũĂ  ůŝŵŝƚĤũŽƓĂŝƐ  
ĨĂŬƚŽƌƐͿ  ;&ĂŶŐ Θ  >ĞĐŚŽǁŝĐǌ͕  ϮϬϬϲ͖  <ƌĂŵĞƌ  et al͕͘  ϮϬϭϬͿ͘  dŝŬ  ĂƵŐƐƚĂ  ƐĂŐůĂďĈƓĂŶĈƐ  
>ĂƚǀŝũĂƐ  ĐĞŶƚƌĈůĂũĈ ĚĂŲĈ ǀĂƌĤƚƵ ďƻƚ  ƐĂŝƐƤƚĂ ŶĞ ƟŬĂŝ Ăƌ  ŬŽŬƵ ĂƚƌĂƓĂŶŽƐ  ǌĞŵ ĂƵĚǌĞƐ  
ǀĂŝŶĂŐƵ  ŬůĈũĂ͕  ďĞƚ  Ăƌţ  Ăƌ  ƐĤŬůƵ  ŝǌĐĞůƐŵŝ  ʹ  ƓŝĞ  ŝƌ  ŽƚƌĈƐ  ƉĂĂƵĚǌĞƐ  ĚŝǎƐŬĈďĂƌǎŝ  ŶŽ  
>ĂƚǀŝũĂƐ  ƌŝĞƚƵŵƵ  ĚĂŲĈ  ĂƵŐŽƓƵ  ŬŽŬƵ  ƐĤŬůĈŵ͕  ŬƵƌŝĞŵ  ũĈƐƉĤũ  ĂĚĂƉƚĤƟĞƐ  ƟŬĂŝ  
ŶĞĚĂƵĚǌ ƐŬĂƌďĈŬŝĞŵ ĂƉƐƚĈŬŲŝĞŵ ŶĞŬĈ ƚŽ ǀĞĐĈŬƵ ŬŽŬŝĞŵ ;zĂŬŽǀůĞǀ et al.͕ ϮϬϭϭͿ͘

3.3. Dižskābarža augšanas gaita

WĂƌĂƵŐŬŽŬƵ ĂƵŐƐƚƵŵĂ ƉŝĞĂƵŐƵŵĂ ĚŝŶĂŵŝŬƵ ŝůŐƐƚŽƓĈ ůĂŝŬĂ ƉŽƐŵĈ ǀŝƐƉƌĞĐţǌĈŬ 
ƌĂŬƐƚƵƌŽƚ  ďŝũĂ  ŝĞƐƉĤũĂŵƐ  Ăƌ  �ŚĂƉŵĂŶͲZŝĐŚĂƌĚƐ  ƵŶ  ^ůŽďŽĚĂ  ŵŽĚĞŲŝĞŵ͘  aŽ  
ǀŝĞŶĈĚŽũƵŵƵ  ŬŽĞĮĐŝĞŶƟ  ďƻƐ  ŝǌŵĂŶƚŽũĂŵŝ  >sD/  ^ŝůĂǀĂ  ŝǌǀĞŝĚŽƚĂũĈ  ĂƵŐƓĂŶĂƐ  
ŐĂŝƚĂƐ  ŵŽĚĞůĤƓĂŶĂƐ  ƌţŬĈ͘  /ĞŐƻƟĞ  ĚĂƟ  ůŝĞĐŝŶĂ͕  ŬĂ  ĚŝǎƐŬĈďĂƌǎŝ  >ĂƚǀŝũĂƐ  ƌŝĞƚƵŵƵ  
ĚĂŲĈ  ŝƌ  ĈƚƌĂƵĚǌţŐĈŬŝ  ŶĞŬĈ  �ǀŝĞĚƌŝũĂƐ  ĚŝĞŶǀŝĚƵ  ĚĂŲĈ͕  ƚĈƚĂĚ  ĂƵŐƓĂŶĂƐ  ĂƉƐƚĈŬŲŝ  ƓĞŝƚ  
ŝƌ  ƐƵŐĂŝ  ƉŝĞŵĤƌŽƟ͘  KƚƌĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬŝ  ŝƌ  ǀĞŝŬƐŵţŐŝ  ĂĚĂƉƚĤũƵƓŝĞƐ  ǀŝĞƚĤũŝĞŵ  
ĂƉƐƚĈŬŲŝĞŵ  ƵŶ  ƵǌƌĈĚĂ  ůŝĞůĈŬƵ  ĈƚƌĂƵĚǌţďƵ͕  ĂƉƐƚĞŝĚǌŽƚ  ƉŝƌŵĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬƵƐ 
;ϯ͘ϲ͘ථĂƩ͘Ϳ͘

ϯ͘ϱ͘ථĂƩ͘ Dižskābaržu sadalījums pa caurmēra pakāpēm
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Ϯϯ

ϯ͘ϲ͘ථĂƩ͘ Nelineārs augšanas gaitas modelis (melnās līnijas, Dienvidzviedrija,  
Carbonier, 1971), salīdzināts ar mērījumu datiem Latvijas rietumu daļā  

(pelēkās līnijas, katra līnija attēlo vienu koku)

3.4. Meteoroloģisko faktoru ietekme uz dažādu dimensiju  
dižskābaržu caurmēra pieaugumu

�ŶĂůŝǌĤũŽƚ ŵĞƚĞŽƌŽůŽŔŝƐŬŽ ĨĂŬƚŽƌƵ ŝĞƚĞŬŵŝ Ƶǌ ƐƚƵŵďƌĂ ĐĂƵƌŵĤƌĂ ƉŝĞĂƵŐƵŵƵ  
ƐĞǌŽŶĂƐ  ŝĞƚǀĂƌŽƐ͕  ŬŽŶƐƚĂƚĤƚĂ  ĚŝǎƐŬĈďĂƌǎĂ  ũƵƤďĂ  ƉƌĞƚ  ƻĚĞŶƐ  ĚĞĮĐţƚƵ  ;ϯ͘ϳ͘ථĂƩ͘Ϳ͘  
�ŝǎƐŬĈďĂƌǎĂ  ƌĂĚŝĈůĂŝƐ  ƉŝĞĂƵŐƵŵƐ  ƉŽǌŝƤǀŝ  ŬŽƌĞůĤũĂ  Ăƌ  ŶŽŬƌŝƓźŝĞŵ͘  :Ă  ŬĈĚƵ  ůĂŝŬĂ  
ƉŽƐŵƵ  ŶŽŬƌŝƓźƵ  ŶĞďŝũĂ  ǀŝƐƉĈƌ͕   ƓĂũĈ  ůĂŝŬĈ  ŐĂĚƐŬĈƌƚĂ  ŶĞĂƵŐĂ͘  WĤĐ  ƉĞƌŝŽĚŝĞŵ  Ăƌ  
ŶŽǌţŵţŐŝĞŵ  ŶŽŬƌŝƓźŝĞŵ  ŶŽƟŬĂ  ƐƚƵŵďƌĂ  ƻĚĞŶƐ  ƌĞǌĞƌǀũƵ  ĂƚũĂƵŶŽƓĂŶĈƐ  ƵŶ  ƚĂŝ  
ƐĞŬŽũŽƓĂ  ŐĂĚƐŬĈƌƚĂƐ  ĂƵŐƓĂŶĂ͘  >ŝŵŝƚĤũŽƓĂŝƐ  ĨĂŬƚŽƌƐ  ǀĞŔĞƚĈĐŝũĂƐ  ƐĞǌŽŶĈ  ďŝũĂ  
ƉŝĞĞũĂŵĂŝƐ ƻĚĞŶƐ͕ ďĞƚ ŶĞ ŐĂŝƐĂ ƚĞŵƉĞƌĂƚƻƌĂ͘ 

KƚƌĈƐ ƉĂĂƵĚǌĞƐ ŬŽŬĂŵ ŶŽǀĤƌŽƚƐ ďƻƟƐŬŝ ůŝĞůĈŬƐ ƌĞůĂƤǀĂŝƐ ƌĂĚŝĈůĂŝƐ ƉŝĞĂƵŐƵŵƐ  
ŶĞŬĈ  ƉŝƌŵĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬĂŵ  ǀĞŔĞƚĈĐŝũĂƐ  ƐĞǌŽŶĂƐ  ŝĞƚǀĂƌŽƐ  ;ĂƫĞĐţŐŝ  Ϭ͘ϵϯй  ƵŶ  
Ϭ͘ϯϴй  ŶŽ  ĐĂƵƌŵĤƌĂͿ͘  sŝƐƐƚƌĂƵũĈŬĂŝƐ  ƌĂĚŝĈůĂŝƐ  ƉŝĞĂƵŐƵŵƐ  ŶŽǀĤƌŽƚƐ  ŶŽ  ǀĞŔĞƚĈĐŝũĂƐ  
ƉĞƌŝŽĚĂ ƐĈŬƵŵĂ ůţĚǌ ũƻůŝũĂ ƐĈŬƵŵĂŵ͘

 



EŽǀĤƌƚĤũŽƚ  ŵĞƚĞŽƌŽůŽŔŝƐŬŽ  ĨĂŬƚŽƌƵ  ŝĞƚĞŬŵŝ  Ƶǌ  ƐƚƵŵďƌĂ  ĐĂƵƌŵĤƌĂ  
ƉŝĞĂƵŐƵŵƵ  ŝůŐĈŬĈ  ůĂŝŬĂ  ƉŽƐŵĈ͕  >ĂƚǀŝũĂƐ  ƌŝĞƚƵŵƵ  ĚĂŲĈ  ƉĤƤƚĂũŝĞŵ  ĚŝǎƐŬĈďĂƌǎŝĞŵ  
ŶĞƟŬĂ  ŬŽŶƐƚĂƚĤƚĂƐ  ĞŬƐƚƌĤŵŝ  ƓĂƵƌĂƐ  ŐĂĚƐŬĈƌƚĂƐ  ;ŶŽŵĈŬƚĂ  ĂƵŐƓĂŶĂͿ͕  ůŝĞĐŝŶŽƚ  ƉĂƌ  
ĂƵŐƓĂŶĂƐ  ĂƉƐƚĈŬŲƵ  ƉŝĞŵĤƌŽƤďƵ  ƓĂŝ  ŬŽŬƵ  ƐƵŐĂŝ͘  �ŶĂůŝǌĤũŽƚ  ƌĂĚŝĈůĈ  ƉŝĞĂƵŐƵŵĂ  
ƐĂŝƐƤďƵ  Ăƌ  ŵĞƚĞŽƌŽůŽŔŝƐŬĂũŝĞŵ  ĂƉƐƚĈŬŲŝĞŵ͕  ŬŽŶƐƚĂƚĤƚƐ͕  ŬĂ  ƉŝƌŵĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬŝ  
ŝƌ ũƵƤŐĈŬŝ ŶĞŬĈ ŽƚƌĈƐ ƉĂĂƵĚǌĞƐ ŬŽŬŝ ;ϯ͘ϴ͘ථĂƩ͘Ϳ͘ 

WŝƌŵĈƐ ƉĂĂƵĚǌĞƐ ǀĂůĚĂƵĚǌĞƐ ŬŽŬŝ ďŝũĂ ţƉĂƓŝ ũƵƤŐŝ Ƶǌ ŶŽŬƌŝƓźƵ ĂƉũŽŵƵ ũƻŶŝũĈ͕  
ŬĂƐ ƐĂŝƐƤƚƐ Ăƌ ƻĚĞŶƐ ĚĞĮĐţƚƵ ǀĂƐĂƌĈ͘ aţƐ ƉĂĂƵĚǌĞƐ ŶŽŵĈŬƟĞ ŬŽŬŝ ŐĂůǀĞŶŽŬĈƌƚ ďŝũĂ  
ũƵƤŐŝ  ƉƌĞƚ  ƚĞŵƉĞƌĂƚƻƌƵ  ǌŝĞŵĂƐ  ƉĞƌŝŽĚĈ͘  ^ĂǀƵŬĈƌƚ  ŽƚƌĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬƵƐ  ŵĂǌĈŬ  
ŝĞƚĞŬŵĤũĂ  ǌŝĞŵĂƐ  ƉĞƌŝŽĚĂ  ƚĞŵƉĞƌĂƚƻƌĂ͕  ƚĂƐ  ůŝĞĐŝŶĂ  ƉĂƌ  ĂĚĂƉƚĈĐŝũƵ  >ĂƚǀŝũĂƐ  
ĂƉƐƚĈŬŲŝĞŵ͘ 

Ϯϰ

ϯ͘ϳ͘ථĂƩ͘ Stumbra apkārtmēra (P) izmaiņas pirmās paaudzes dižskābardim jūnijā 
un nokrišņu daudzums šajā periodā 
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Ϯϱ

ϯ͘ϴ͘ථĂƩ͘ Statistiski būtiskie Pīrsona korelācijas koeficienti (r) starp dažādas 
paaudzes valdaudzē esošu dižskābaržu gadskārtu vidējo platumu un  

klimatiskajiem (meteoroloģiskajiem) faktoriem: mēneša vidējā  
temperatūra (T), nokrišņi (P), standartizēts nokrišņu-iztvaikošanas  

indekss (SPEI) laika intervālam no 1972. līdz 2015. gadam
DĤŶĞƓƵ ŶŽƐĂƵŬƵŵŝ Ăƌ ůŝĞůĂũŝĞŵ ďƵƌƟĞŵ ʹ WţƌƐŽŶĂ ŬŽƌĞůĈĐŝũĂƐ ŬŽĞĮĐŝĞŶƟ ŐĂĚĈ ƉŝƌŵƐ 
ŐĂĚƐŬĈƌƚĂƐ ǀĞŝĚŽƓĂŶĈƐ 
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3LUPƗ�SDDXG]H���)LUVW�JHQHUDWLRQ
2WUƗ�SDDXG]H���6HFRQG�JHQHUDWLRQ


ƚƌĂƵĚǌţŐĈŬĂũŝĞŵ  ŽƚƌĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬŝĞŵ  ŶŽǀĤƌŽƚĂ  ĐŝĞƓĈŬĂ  ƉŝĞĂƵŐƵŵĂ 
ƐĂŝƐƤďĂ Ăƌ ŵŝƚƌƵŵĂ ĂƉƐƚĈŬŲŝĞŵ ǀĂƐĂƌĂƐ ƉĞƌŝŽĚĈ͕ ƉĂƌ ŬŽ ůŝĞĐŝŶĈũĂ ŐĂŶ ŝŬŐĂĚĤũĈ͕ ŐĂŶ 
ǀŝĞŶĂƐ ĂƵŐƓĂŶĂƐ ƐĞǌŽŶĂƐ ƉŝĞĂƵŐƵŵĂ ǀĞŝĚŽƓĂŶĈƐ ĚŝŶĂŵŝŬĂ͘



Ϯϲ

SECINĀJUMI

ϭ͘  EŽƟŬƵƐŝ  ƐĞŬŵţŐĂ  ĚŝǎƐŬĈďĂƌǎĂ  ĂĚĂƉƚĈĐŝũĂ  >ĂƚǀŝũĈ͗  ƚĈ  ŽƚƌĂũĂŝ  ƉĂĂƵĚǌĞŝ  ŶĂǀ 
ŬŽŶƐƚĂƚĤƚĂ  ǌĞŵĈŬĂ  ŔĞŶĤƟƐŬĈ  ĚĂƵĚǌǀĞŝĚţďĂ͕  ďĞƚ  ŝƌ  ŬŽŶƐƚĂƚĤƚƐ  ůŝĞůĈŬƐ  
ĂƵŐƐƚƵŵĂ  ƉŝĞĂƵŐƵŵƐ  ŶĞŬĈ  ƉŝƌŵĂũĂŝ  ƉĂĂƵĚǌĞŝ͘  KƚƌĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬŝ  ůĂďŝ 
ƐĂŐůĂďĈũĂƐ  ;хථϴϬйͿ  ǌĞŵ  ĐŝƚƵ  ŬŽŬƵ  ƐƵŐƵ  ǀĂŝŶĂŐƵ  ŬůĈũĂ  Ăƌţ  >ĂƚǀŝũĂƐ  ĐĞŶƚƌĈůĂũĈ  
ĚĂŲĈ͘ 

Ϯ͘  >ĂƚǀŝũĂƐ  ƌŝĞƚƵŵƵ ĚĂŲĈ ĚŝǎƐŬĈďĂƌǎĂ ĚĂďŝƐŬĈ ĂƚũĂƵŶŽƓĂŶĈƐ  ŝƌ  ƐĞŬŵţŐĂ ŐĂŶ ƉĤĐ 
ǀŝĞŶůĂŝĚƵƐ  ĂƚũĂƵŶŽƓĂŶĂƐ  ĐŝƌƚĞƐ͕  ůţĚǌ  ϱϬථŵ  ŶŽ ŵĞǎĂ ŵĂůĂƐ͕  ŐĂŶ  ǌĞŵ  ĂƵĚǌĞƐ  
ǀĂŝŶĂŐƵ  ŬůĈũĂ  Ăƌţ  ƚĈĚŽƐ  ŐĂŝƐŵĂƐ  ĂƉƐƚĈŬŲŽƐ͕  ŬĂƐ  ŶĂǀ  ƉŝĞŵĤƌŽƟ  ĐŝƚĈŵ  ŬŽŬƵ 
ƐƵŐĈŵ͘  �ŝǎƐŬĈďĂƌǎĂ  ƉĂĂƵŐĂƐ  ŬŽŬƵ  ĂƵŐƐƚƵŵƐ  ǀŝĚĤũŝ  ĐŝĞƓŝ͕  ƐƚĂƟƐƟƐŬŝ  ďƻƟƐŬŝ͕ 
ŬŽƌĞůĤ Ăƌ ŐĂŝƐŵĂƐ ĂƉƐƚĈŬŲŝĞŵ ǌĞŵ ǀĂŝŶĂŐƵ ŬůĈũĂ͘ 

ϯ͘  /ǌǀĞŝĚŽƟĞ  ĚŝǎƐŬĈďĂƌǎĂ  ĂƵŐƓĂŶĂƐ  ŐĂŝƚĂƐ  ǀŝĞŶĈĚŽũƵŵŝ  ƵŶ  ĚĂƟ  ŶŽ  ƉĂƌĂƵŐͲ 
ůĂƵŬƵŵŝĞŵ  ŵĞǎĂƵĚǌĤƐ  ůŝĞĐŝŶĂ͕  ŬĂ  ƓţƐ  ŬŽŬƵ  ƐƵŐĂƐ  ŽƚƌĈƐ  ƉĂĂƵĚǌĞƐ  ŬŽŬƵ  
ĈƚƌĂƵĚǌţďĂ  >ĂƚǀŝũĈ  ŝƌ  ůŝĞůĈŬĂ  ŶĞŬĈ  �ǀŝĞĚƌŝũĂƐ  ĚŝĞŶǀŝĚƵ  ĚĂŲĈ  ƵŶ  ʹ  ĂƚƐĞǀŝƓŭŽƐ  
ƐƚĈĚţũƵŵŽƐ  ũĂƵŶĂƵĚǌĞƐ  ǀĞĐƵŵĈ  ʹ  Ăƌţ  ƐĂůţĚǌŝŶĈũƵŵĈ  Ăƌ  ĞŐůŝ͕  ŶŽƌĈĚŽƚ  Ƶǌ  
ŝĞƐƉĤũĈŵ ŝǌǀĞŝĚŽƚ ĂƵŐƐƚƌĂǎţŐĂƐ ĚŝǎƐŬĈďĂƌǎĂ ŵĞǎĂƵĚǌĞƐ͘ 

ϰ͘  >ĂƚǀŝũĂƐ  ƌŝĞƚƵŵƵ  ĚĂŲĈ  ƉĤƤƚĂũŝĞŵ  ĚŝǎƐŬĈďĂƌǎŝĞŵ  ŐĂĚƐŬĈƌƚĂƐ  ŶĞďŝũĂ  ƓĂƵƌĂƐ͕  
ůŝĞĐŝŶŽƚ  ƉĂƌ  ĂƵŐƓĂŶĂƐ  ĂƉƐƚĈŬŲƵ  ƉŝĞŵĤƌŽƤďƵ  ƓĂŝ  ŬŽŬƵ  ƐƵŐĂŝ͘  <ŽŬƵ  ũƵƤďĂ 
ƉƌĞƚ  ŬůŝŵĂƟƐŬĂũŝĞŵ  ĂƉƐƚĈŬŲŝĞŵ  ;ţƉĂƓŝ  ʹ  ǌŝĞŵĂƐ  ƉĞƌŝŽĚĂ  ƚĞŵƉĞƌĂƚƻƌƵͿ  ďŝũĂ  
ĂƚƓŭŝƌţŐĂ  ƉŝƌŵĂũĂŝ  ƵŶ  ŽƚƌĂũĂŝ  ƉĂĂƵĚǌĞŝ͕  ŶŽƌĈĚŽƚ  Ƶǌ  ĚĂďŝƐŬĈƐ  ƵŶ  ĐŝůǀĤŬƵ  
ǀĞŝŬƚĈƐ ŝǌůĂƐĞƐ ƉŽǌŝƤǀŽ ŝĞƚĞŬŵŝ͘ 

ϱ͘  DŝƚƌƵŵĂ  ĚĞĮĐţƚƐ  ŶŽƐĂŬĂ  ĚŝǎƐŬĈďĂƌǎĂ  ƌĂĚŝĈůĈ  ƉŝĞĂƵŐƵŵĂ  ƐĂŵĂǌŝŶĈƓĂŶŽƐ  
ǀĂŝ  ƉĂƚ  ţƐůĂŝĐţŐƵ  ĂƉƐƚĈƓĂŶŽƐ͕  ůţĚǌ  ƉŝůŶţďĈ  ĂƚũĂƵŶŽũĂƐ  ŬŽŬĂ  ƐƚƵŵďƌĂ  ƻĚĞŶƐ 
ƵǌŬƌĈũƵŵƐ͘  'ĂĚƐŬĈƌƚƵ  ƉůĂƚƵŵƵ  ŝĞƚĞŬŵĤ  ŐĂůǀĞŶŽŬĈƌƚ  Ăƌ  ŵŝƚƌƵŵĂ  ĚĞĮĐţƚƵ 
ƐĂŝƐƤƟ ŬůŝŵĂƟƐŬŝĞ ƌĈĚţƚĈũŝ ;ƚĞŵƉĞƌĂƚƻƌĂ͕ ŶŽŬƌŝƓźŝͿ ǀĂƐĂƌĈ ƵŶ ƌƵĚĞŶƐ ƐĈŬƵŵĈ͘  
IĞŵŽƚ  ǀĤƌĈ  ŬůŝŵĂƚĂ  ŝǌŵĂŝźƵ  ƉƌŽŐŶŽǌĞƐ͕  ĚŝǎƐŬĈďĂƌǎĂ  ĂƵĚǎƵ  ŝĞƌţŬŽƓĂŶĂŝ  
ďƻƟƐŬŝ  ŝǌǀĤůĤƟĞƐ  ƚĞƌŝƚŽƌŝũĂƐ  Ăƌ  ƐƚĂďŝůƵ  ƵŶ  ƉŝĞƟĞŬĂŵƵ  ĂƵŐƐŶĞƐ  ŵŝƚƌƵŵĂ 
ŶŽĚƌŽƓŝŶĈũƵŵƵ͘ 

͘



Ϯϳ

REKOMENDĀCIJAS

>ĂƚǀŝũĂƐ  ƌŝĞƚƵŵƵ  ĚĂŲĈ  ŝĞƐƉĤũĂŵƐ  ŝǌǀĞŝĚŽƚ  ƌĂǎţŐĂƐ  ĚŝǎƐŬĈďĂƌǎĂ  ĂƵĚǌĞƐ͘ 
^ƚĈĚĈŵŽ ŵĂƚĞƌŝĈůƵ  ƚŽ  ŝĞƌţŬŽƓĂŶĂŝ  ƌĞŬŽŵĞŶĚĤũĂŵƐ  ŝĞǀĈŬƚ  >ĂƚǀŝũĈ  ĞƐŽƓĂũĈƐ  ĂƵĚǌĤƐ͘ 
WŝĞŵĤƌŽƚĈŬĂŝƐ  ƐĤŬůƵ  ĂǀŽƚƐ  ŝƌ  Ɠţ  ƉƌŽŵŽĐŝũĂƐ  ĚĂƌďĂ  ŝǌƐƚƌĈĚĞƐ  ŝĞƚǀĂƌŽƐ  ĂƚůĂƐţƟĞ  
ƉůƵƐŬŽŬŝ͘ 

ZĞŬŽŵĞŶĚĤũĂŵƐ  ŝǌǀĞŝĚŽƚ  ƐĤŬůƵ  ƉůĂŶƚĈĐŝũĂƐ  ƐƚĂďŝůĂƐ  ƐĤŬůƵ  ďĈǌĞƐ  
ŶŽĚƌŽƓŝŶĈƓĂŶĂŝ͘  dĈƉĂƚ  ƌĞŬŽŵĞŶĚĤũĂŵĂ  ƉůĂƓĈŬƵ  ƉƌŽǀĞŶŝĞŶēƵ  ŝǌŵĤŔŝŶĈũƵŵƵ  
ŝĞƌţŬŽƓĂŶĂ͕  ŝĞƚǀĞƌŽƚ  ƚĂũŽƐ  ŵĂƚĞƌŝĈůƵ  Ăƌţ  ŶŽ  ĂƌĞĈůĂ  ĚĂŲĈŵ͕  ŬƵƌ  ƌĂŬƐƚƵƌţŐƐ  ĂƵŐƐƚĈŬƐ  
ŵŝƚƌƵŵĂ ĚĞĮĐţƚƐ ǀĂƐĂƌĂƐ ƉĞƌŝŽĚĈ ŶĞŬĈ >ĂƚǀŝũĈ ƓŽďƌţĚ͘ 

<ŽŶƚƌŽůĤƚŽƐ  ĂƉƐƚĈŬŲŽƐ  ;ƐĂůĐŝĞƤďĂƐ  ƚĞƐƟͿ  ƵŶ  ĞŬƐƉĞƌŝŵĞŶƚĈůĂũŽƐ  ƐƚĈĚţũƵŵŽƐ 
ƌĞŬŽŵĞŶĚĤũĂŵƐ  ƚƵƌƉŝŶĈƚ  ƉĈƌďĂƵĚţƚ  ĚŝǎƐŬĈďĂƌǎĂ  ĂĚĂƉƚĈĐŝũƵ  >ĂƚǀŝũĂƐ  ĂƵƐƚƌƵŵƵ  
ĚĂŲĂƐ ŬůŝŵĂƟƐŬĂũŝĞŵ ĂƉƐƚĈŬŲŝĞŵ͘

 



PATEICĪBAS

�ƵƚŽƌĞ  ŝǌƐĂŬĂ  ǀŝƐůŝĞůĈŬŽ  ƉĂƚĞŝĐţďƵ  ĚĂƌďĂ  ǀĂĚţƚĈũĂŵ  �ƌ͘ Ɛŝůǀ͘   
ƌŝŵ  :ĂŶƐŽŶĂŵ 
ƵŶ ŬŽŶƐƵůƚĂŶƚĂŵ �ƌ͘ ďŝŽů͘ ZŽďĞƌƚĂŵ DĂƟƐŽŶĂŵ ƉĂƌ ĂƚďĂůƐƚƵ͕ ƉƌĂŬƟƐŬƵ ƵŶ ŵŽƌĈůƵ 
ƉĂůţĚǌţďƵ ƵŶ ƉĂĚŽŵƵ ǀŝƐŽƐ ĚĂƌďĂ ŝǌƐƚƌĈĚĞƐ ƉŽƐŵŽƐ͘

WĂƚĞŝĐŽƐ  ǀŝƐŝĞŵ  ŬŽůĤŔŝĞŵ  ŶŽ  >sD/  ^ŝůĂǀĂ  DĞǎĂ  ƐĞůĞŬĐŝũĂƐ  ƵŶ  ŬŽŬĂƵŐƵ  
ĂĚĂƉƚĈĐŝũĂƐ  ƌĂĚŽƓĈƐ ŐƌƵƉĂƐ͕ +ĞŶĤƟƐŬŽ  ƌĞƐƵƌƐƵ  ĐĞŶƚƌĂ͕  ŬĈ Ăƌţ ŶŽ  ĐŝƚĈŵ  ƌĂĚŽƓĂũĈŵ 
ŐƌƵƉĈŵ͕  ŬƵƌŝ  ŝĞƐĂŝƐƤũĈƐ  ƉĤƤũƵŵĂ  ƉůĈŶŽƓĂŶĈ͕  ůĂƵŬĂ  ƵŶ  ŬĂŵĞƌĈůĂũŽƐ  ĚĂƌďŽƐ͕  
ĚĂƚƵ  ĂƉƐƚƌĈĚĤ  ƵŶ  ŝŶƚĞƌƉƌĞƚĈĐŝũĈ͕  ŬĈ  Ăƌţ  ƉƵďůŝŬĈĐŝũƵ  ƚĂƉƓĂŶĈ͘  WĂůĚŝĞƐ  KƐŬĂƌĂŵ 
<ƌŝƓĈŶĂŵ͕  :ĈŶŝŵ  �ŽŶŝŵ͕  hŶĂŝ  EĞŝŵĂŶĞŝ͕  �ĂŝŶŝŵ  ZƵźŔŝŵ  ƵŶ  ĐŝƟĞŵ  ŬŽůĤŔŝĞŵ  
ƉĂƌ  ŶĞŶŽǀĤƌƚĤũĂŵƵ  ĂƚďĂůƐƚƵ͘  WĂƚĞŝĐŽƐ  ƉƵďůŝŬĈĐŝũƵ  ůţĚǌĂƵƚŽƌŝĞŵ  ƉĂƌ  ƉĂůţĚǌţďƵ  
ƉƵďůŝŬĈĐŝũƵ ǀĞŝĚŽƓĂŶĈ ƵŶ ƉĂƌ ĂƚŲĂƵũƵ ŬŽƉţŐĈƐ ƉƵďůŝŬĈĐŝũĂƐ ŝǌŵĂŶƚŽƚ ĚŝƐĞƌƚĈĐŝũĈ͘ 

Ϯϴ



1. GENERAL DESRIPTION

1.1. Topicality of the theme

�ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ;Fagus sylvatica  >͘Ϳ  ŝƐ  ƚŚĞ ŵŽƐƚ  ĐŽŵŵŽŶ  ĚĞĐŝĚƵŽƵƐ  ƚƌĞĞ  
ƐƉĞĐŝĞƐ  ŝŶ  ƚŚĞ  ĐĞŶƚƌĂů  �ƵƌŽƉĞ͘  �ĂƐƚĞƌŶ  ďŽƌĚĞƌ  ŽĨ  ŝƚƐ  ĚŝƐƚƌŝďƵƟŽŶ  ĂƌĞĂů  ƌĞĂĐŚĞƐ 
hŬƌĂŝŶĞ͕ DŽůĚĂǀŝĂ͕ �ƵůŐĂƌŝĂ͘ dŚĞ ƐŽƵƚŚĞƌŶ ďŽƌĚĞƌ ŐŽĞƐ ƚŚƌŽƵŐŚ �ĂůŬĂŶ WĞŶŝŶƐƵůĂ͕ 
�ƉĞŶŶŝŶĞ DŽƵŶƚĂŝŶƐ͕ ^ŝĐŝůǇ ĂŶĚ ^ƉĂŝŶ ;>ĞƵŐŶĞƌŽǀĄ͕ ϮϬϬϳͿ͘ �ƵƌƌĞŶƚůǇ ƚŚĞ ŶŽƌƚŚĞƌŶ 
ďŽƌĚĞƌ ŽĨ ŶĂƚƵƌĂů ĚŝƐƚƌŝďƵƟŽŶ ƌĂŶŐĞ ƌĞĂĐŚĞƐ ŶŽƌƚŚĞƌŶ ƉĂƌƚ ŽĨ 'ĞƌŵĂŶǇ͕  �ĞŶŵĂƌŬ͕ 
WŽůĂŶĚ ĂŶĚ ƐŽƵƚŚĞƌŶ ƉĂƌƚ ŽĨ ^ǁĞĚĞŶ͘ >ĂƚǀŝĂ ŝƐ ŽƵƚƐŝĚĞ ŽĨ ƚŚĞ ĚŝƐƚƌŝďƵƟŽŶ ĂƌĞĂů ŽĨ 
�ƵƌŽƉĞĂŶ ďĞĞĐŚ͕ ĂŶĚ ǁĞ ŚĂǀĞ ŽŶůǇ  ŝƐŽůĂƚĞĚ ƐƚĂŶĚƐ ŽĨ  ƚŚŝƐ  ƚƌĞĞ ƐƉĞĐŝĞƐ͘ ,ŽǁĞǀĞƌ  
ĚƵĞ  ƚŽ  ĐůŝŵĂƚĞ  ĐŚĂŶŐĞ͕  ŶŽƚĂďůĞ  ƐŚŝŌƐ  ŽĨ  ĚŝƐƚƌŝďƵƟŽŶ  ĂƌĞĂů  ŽĨ  ƚƌĞĞ  ƐƉĞĐŝĞƐ  ĂƌĞ  
ƉƌĞĚŝĐƚĞĚ  ĞǀĞŶ  ĚƵƌŝŶŐ  ƚŚŝƐ  ĐĞŶƚƵƌǇ  ;,ŝĐŬůĞƌ  et al͕͘  ϮϬϭϮͿ͘  /Ŷ  �ƵƌŽƉĞ  ŝŶĐƌĞĂƐĞ  ŽĨ 
ƚŚĞ  ĂƌĞĂƐ  ŶŽƌƚŚǁĂƌĚƐ  ĚƵĞ  ƚŽ  ǁĂƌŵĞƌ  ĐůŝŵĂƚĞ  ŝŶ  ƚŚŝƐ  ƌĞŐŝŽŶ  ĂŶĚ ŵŽƌĞ  ĨƌĞƋƵĞŶƚ 
ĂŶĚ ƐĞǀĞƌĞ ĚƌŽƵŐŚƚƐ ŝŶ ƐŽƵƚŚ ĂƌĞ ĞǆƉĞĐƚĞĚ ;tĂůƚŚĞƌ et al.͕ ϮϬϬϮ͖ <ƵůůŵĂŶ͕ ϮϬϬϴͿ͘  
�ĐĐŽƌĚŝŶŐ  ƚŽ  ƚŚĞ ƉƌŽŐŶŽƐŝƐ͕  ŝŶ  ƚŚĞ ŵŝĚĚůĞ ŽĨ  ϮϭƐƚ  ĐĞŶƚƵƌǇ͕   ĐůŝŵĂƚĞ  ŝŶ  Ăůů  ƚĞƌƌŝƚŽƌǇ 
ŽĨ  >ĂƚǀŝĂ  ĂŶĚ  �ƐƚŽŶŝĂ ǁŝůů  ďĞ  ƐƵŝƚĂďůĞ  ĨŽƌ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ;<ƌĂŵĞƌ  Ğƚ  Ăů͕͘  ϮϬϭϬͿ͘  
,ŽǁĞǀĞƌ͕   ƚŚĞ  ĂĐƚƵĂů  ĞǆƉĂŶƐŝŽŶ  ŽĨ  ďĞĞĐŚ  ǁŝůů  ĚĞƉĞŶĚ  ĨƌŽŵ  ŚƵŵĂŶ  ŝŶƚĞƌǀĞŶƟŽŶ͕ 
ƉůĂŶƟŶŐ ƚŚŝƐ ƚƌĞĞ ƐƉĞĐŝĞƐ͘ EĂƚƵƌĂů ĚŝƐƉĞƌƐĂů ŽĨ ďĞĞĐŚ ŝƐ ƐůŽǁ ĚƵĞ ƚŽ ŚĞĂǀǇ ƐĞĞĚƐ ʹ 
ŵŽƐƚ ŽĨ ƚŚĞŵ ĞŶĚ ƵƉ ŝŶ Ă ĚŝƐƚĂŶĐĞ ŽĨ ƵƉ ƚŽ ϯϬථŵ ĂƌŽƵŶĚ ƚŚĞ ƐĞĞĚ ƚƌĞĞ͘ KŶůǇ ǀĞƌǇ 
ƟŶǇ ĨƌĂĐƟŽŶ ŽĨ ƐĞĞĚ ĂŵŽƵŶƚ ƌĞĂĐŚĞƐ ĨƵƌƚŚĞƌ͕  ƚƌĂŶƐƉŽƌƚĞĚ ďǇ ďŝƌĚƐ ĂŶĚ ƐŵĂůů ƌŽĚĞŶƚƐ 
;�ŽďƌŽǀŽůŶǉ͕  Θ dĞƐĂƎ͕  ϮϬϭϬͿ͘ ^ƚƵĚǇ ŝŶ ǁĞƐƚĞƌŶ ƉĂƌƚ ŽĨ >ĂƚǀŝĂ ŝŶĚŝĐĂƚĞƐ ƚŚĂƚ ƐƉĞĞĚ ŽĨ 
ďĞĞĐŚ ŶĂƚƵƌĂů ĚŝƐƚƌŝďƵƟŶŐ ŝƐ ϯ͘ϰථŵ ƉĞƌ ǇĞĂƌ ;^ĂďƵůĞථ>͕͘ ϮϬϬϵͿ͘ ZŝĐŚ ƐĞĞĚ ǇĞĂƌƐ ;ŵĂƐƚ  
ǇĞĂƌƐͿ  ĨŽƌ  �ƵƌŽƉĞĂŶ ďĞĞĐŚ ĂƌĞ  ƌĂƌĞ ĂŶĚ  ŝƌƌĞŐƵůĂƌ͗  ŝŶƚĞƌǀĂůƐ ďĞƚǁĞĞŶ  ƚŚĞŵ  ƌĂŶŐĞ 
ĨƌŽŵ Ɛŝǆ ƚŽ ŶŝŶĞ ǇĞĂƌƐ ;'ŝĞƐĞĐŬĞ et al͕͘ ϮϬϬϳ͖ WĞŸĂ et al͕͘ ϮϬϭϬ͖ sĂŶĚĞƌƐ͕ ϭϵϲϬĂͿ͘ WĂƌƚ 
ŽĨ  ƚŚĞ ƌĞĂƐŽŶ ĨŽƌ ƚŚŝƐ ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ  ŝƐ ŶĞĐĞƐƐŝƚǇ ŽĨ ǀĞƌǇ ƌŝĐŚ ďůŽŽŵŝŶŐ ƚŽ ĞŶƐƵƌĞ  
ŚŝŐŚ  ƉƌŽƉŽƌƟŽŶ  ŽĨ  ƉŽůůŝŶĂƚĞĚ  ;ǀŝĂďůĞͿ  ƐĞĞĚƐ͕  ƐŝŶĐĞ  ďĞĞĐŚ  ƉŽůůĞŶ  ĂƌĞ  ŚĞĂǀǇ  ĂŶĚ  
ƚǇƉŝĐĂůůǇ ŇǇ ŽŶůǇ ƐŚŽƌƚ ĚŝƐƚĂŶĐĞƐ  ;sĂŶĚĞƌƐ͕ ϭϵϲϬĂͿ͘ �ŌĞƌ ƌŝĐŚ ƐĞĞĚ ǇĞĂƌ  ƚŚĞƌĞ ĂƌĞ 
ϯϱϬථϬϬϬ  ĂŶĚ  ŵŽƌĞ  ƐĞĞĚůŝŶŐƐ  ƉĞƌ  ŚĞĐƚĂƌĞ  ŝŶ  ŶĞǆƚ  ƐƉƌŝŶŐ͕  ďƵƚ  ŽŶůǇ  ŚĂůĨ  ŽĨ  ƚŚĞŵ  
ƐƵƌǀŝǀĞƐ ƚŽ ƚŚĞ ŶĞǆƚ ǇĞĂƌ ;sĂŶĚĞƌƐ͕ ϭϵϱϳͿ͘ ^ƉƌĞĂĚ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ ĂƌŽƵŶĚ ƐĞĞĚ 
ƐŽƵƌĐĞƐ ;ĞǆŝƐƟŶŐ ƐƚĂŶĚƐͿ ŝƐ ĂīĞĐƚĞĚ ĂůƐŽ ďǇ ŵĂŶĂŐĞŵĞŶƚ ŽĨ ǇŽƵŶŐ ƐƚĂŶĚƐ ʹ ŝƚ ĐĂŶ 
ŽŶůǇ ŽĐĐƵƌ͕  ŝĨ ďĞĞĐŚ ŝƐ ƌĞĐŽŐŶŝǌĞĚ ĂƐ ƚĂƌŐĞƚ ƐƉĞĐŝĞƐ ĂŶĚ ƌĞƚĂŝŶĞĚ ŝŶ ƉƌĞĐŽŵŵĞƌĐŝĂů 
ƚŚŝŶŶŝŶŐ͘ 

^ƚƵĚŝĞƐ  ŚĂǀĞ  ƐŚŽǁŶ͕  ƚŚĂƚ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ŝƐ  ƌĞƐŝƐƚĂŶƚ  ƚŽ  ǁŝŶĚ  ĚĂŵĂŐĞƐ͕ 
ƐŚĂĚĞͲƚŽůĞƌĂŶƚ͕  ŝŶ ŵĂŶǇ  ĐŽƵŶƚƌŝĞƐ  ĐŽŵŵĞƌĐŝĂůůǇ  ƐŝŐŶŝĮĐĂŶƚ  ĂŶĚ  ŝƚ  ƌĂƌĞůǇ  ĂīĞĐƚĞĚ  
ďǇ  ĐĞƌǀŝĚƐ͘  �ƵĞ  ƚŽ  ƚŚĞƐĞ  ƉƌŽƉĞƌƟĞƐ  ĂŶĚ  ĂůƐŽ  ƉƌĞĚŝĐƚĞĚ  ĐůŝŵĂƚĞ  ĐŚĂŶŐĞƐ͕  ƚŚĂƚ 
ŝŶ ŵŽƐƚ ƉĂƌƚ ŽĨ �ĂůƟĐ ^ĞĞ ƌĞŐŝŽŶ ǁŝůů ŚĂǀĞ ƉŽƐŝƟǀĞ  ŝŶŇƵĞŶĐĞ ŽŶ ƚŚŝƐ  ƚƌĞĞ ƐƉĞĐŝĞƐ  
;,ĂŶĞǁŝŶŬĞů  et al͕͘  ϮϬϭϯͿ͕  ŝŶ  ƐŽŵĞ  ĐŽƵŶƚƌŝĞƐ  ǁŝĚĞƌ  ƵƐĞ  ŽĨ  ďĞĞĐŚ  ŝŶ  ĨŽƌĞƐƚ  
ƌĞŐĞŶĞƌĂƟŽŶ  ŝƐ  ĂůƌĞĂĚǇ  ƉƌŽŵŽƚĞĚ͘  dŝŵďĞƌ  ŽĨ  ďĞĞĐŚ  ŝƐ  ǀĂůƵĂďůĞ͕  ŽƌŶĂŵĞŶƚĂů͕  ŝƚ  
ŚĂƐ ďĞĞŶ ƵƐĞĚ ĨŽƌ ƉƌŽĚƵĐƟŽŶ ŽĨ ĨƵƌŶŝƚƵƌĞ͕ ĚŽŽƌƐ͕ ƉĂƌƋƵĞƚ͕ ĂůƐŽ ǀĞŶĞĞƌ ĂŶĚ ƉĂƉĞƌ 

Ϯϵ



;ǀŽŶ tƺŚůŝƐĐŚ͕ ϮϬϬϴ͖ �ŽƌŶ͕ ϮϬϭϭͿ͘ dŚĞ ƋƵĂůŝƚǇ ŽĨ ƟŵďĞƌ ĚĞƉĞŶĚƐ ĨƌŽŵ ƐƚĞŵ ƋƵĂůŝƚǇ 
ƚŚĂƚ͕ ŝŶ ƚƵƌŶ͕ ŝƐ ĂīĞĐƚĞĚ ďǇ ŐĞŶĞƟĐƐ͕ ĚĂŵĂŐĞƐ ďǇ ĂďŝŽƟĐ ĨĂĐƚŽƌƐ ĂŶĚ ŵĂŶĂŐĞŵĞŶƚ  
ƌĞŐŝŵĞ  ;WŽůũĂŶĞĐ͕  Θ  <ĂĚƵŶĐ͕  ϮϬϭϯͿ͘  dŚĞƌĞĨŽƌĞ  ŝƚ  ŝƐ  ŝŵƉŽƌƚĂŶƚ  ƚŽ  ĂƐƐĞƐƐ  ĨĂĐƚŽƌƐ  
ĂīĞĐƟŶŐ  ƌĞŐĞŶĞƌĂƟŽŶ  ĂŶĚ  ŐƌŽǁƚŚ  ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ŝŶ  >ĂƚǀŝĂ͕  ĐƌĞĂƟŶŐ  
ŝŶĨŽƌŵĂƟŽŶ ďĂƐŝƐ ĂŶĚ ƐŽƵŶĚ ƌĞĐŽŵŵĞŶĚĂƟŽŶ ĨŽƌ ƚƌĞĞ ďƌĞĞĚŝŶŐ ĂŶĚ ǁŝĚĞƌ ƵƐĞ ŽĨ 
ƚŚŝƐ ƚƌĞĞ ƐƉĞĐŝĞƐ ŝŶ ƉƌĂĐƟĐĂů ĨŽƌĞƐƚƌǇ ĨŽƌ ŚŝŐŚͲƋƵĂůŝƚǇ ƟŵďĞƌ ƉƌŽĚƵĐƟŽŶ͘ 

>ŝƚĞƌĂƚƵƌĞ ƐƵƌǀĞǇ ƐƵŐŐĞƐƚƐ͕ ƚŚĂƚ �ƵƌŽƉĞĂŶ ďĞĞĐŚ ŚĂǀĞ ďĞĞŶ ƉůĂŶƚĞĚ ŝŶ >ĂƚǀŝĂ  
ƚĞƌƌŝƚŽƌǇ  ĂůƌĞĂĚǇ  ŝŶ  ƚŚĞ  ŵŝĚĚůĞ  ŽĨ  ϭϴƚŚ  ĐĞŶƚƵƌǇ͕   ŵŽƐƚůǇ  ŝŶ  ƉĂƌŬƐ  ŽĨ  ŵĂŶŽƌƐ  ĂŶĚ  
ĐŝƟĞƐ  ;&ƌĞŝďĞ͕  ϭϴϬϱͿ͘  dŚĞ  ĮƌƐƚ  ŬŶŽǁŶ  ĨŽƌĞƐƚ  ƐƚĂŶĚƐ  ǁĞƌĞ  ĞƐƚĂďůŝƐŚĞĚ  Ăƚ  ƚŚĞ  
ĞŶĚ  ŽĨ  ϭϴƚŚ  ĐĞŶƚƵƌǇ  ;sĂŶĚĞƌƐ͕  ϭϵϲϬďͿ͘  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ŝƐ  ŝŶƚƌŽĚƵĐĞĚ  ƐƉĞĐŝĞƐ  ŝŶ  
>ĂƚǀŝĂ͖  ŚŽǁĞǀĞƌ  ĂůƌĞĂĚǇ  ŝŶ  ƚŚĞ ŵŝĚĚůĞ  ŽĨ  ϮϬƚŚ  ĐĞŶƚƵƌǇ͕   ĂĐĐŽƌĚŝŶŐ  ƚŽ  <͘ථsĂŶĚĞƌ Ɛ͕͛ 
ŚĂƐ ďĞĞŶ ĨƵůůǇ ŶĂƚƵƌĂůŝǌĞĚ ŝŶ ǁĞƐƚĞƌŶ ƉĂƌƚ ŽĨ >ĂƚǀŝĂ͕ <ƵƌůĂŶĚ ;sĂŶĚĞƌƐ͕ ϭϵϱϳͿ͘ dŚŝƐ  
ŽƉŝŶŝŽŶ  ŝƐ  ƐƵƉƉŽƌƚĞĚ  ďǇ  ƚŚĞ  ŵƵůƟͲůĂǇĞƌ  ďĞĞĐŚ  ƐƚĂŶĚ  ƐƚƌƵĐƚƵƌĞƐ͕  ĨŽƌŵŝŶŐ  ǀŝĂ  
ƐƵĐĐĞƐƐĨƵů ŶĂƚƵƌĂů ƌĞŐĞŶĞƌĂƟŽŶ ŝŶ ƚŚĞ ŝŶŝƟĂůůǇ ƉůĂŶƚĞĚ ĂƌĞĂƐ͘ EĂƚƵƌĂů ƌĞŐĞŶĞƌĂƟŽŶ  
ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ƵŶĚĞƌ  ĐĂŶŽƉǇ  ŚĂƐ  ďĞĞŶ  ŽďƐĞƌǀĞĚ  ĂůƐŽ  ŝŶ  ƚŚĞ  ĂƌĞĂƐ  ĂĚũĂĐĞŶƚ  
ƚŽ ŵĂƚƵƌĞ  ƐƚĂŶĚƐ  ŽĨ  ƚŚŝƐ  ƚƌĞĞ  ƐƉĞĐŝĞƐ  ;�ŽůƚĞ et al͕͘  ϮϬϬϳ͖  >ĂŝǀŝźƓ͕  ϮϬϭϬͿ͘  zŝĞůĚ  ŝŶ  
ďĞĞĐŚ  ƐƚĂŶĚƐ  ŝƐ  ŶŽƚ  ŝŶĨĞƌŝŽƌ  ƚŽ  ƚŚĂƚ  ŽďƐĞƌǀĞĚ  ďǇ ŵŽƐƚ  ŽĨ  ŶĂƟǀĞ  ƚƌĞĞ  ƐƉĞĐŝĞƐ  ŝŶ  
>ĂƚǀŝĂ ;�ƌĞŝŵĂŶŝƐ͕ ϮϬϬϲͿ͕ ƐƵŐŐĞƐƟŶŐ Ă ƐƵĐĐĞƐƐĨƵů ĂĚĂƉƚĂƟŽŶ ŽĨ ďĞĞĐŚ͘ dŚĞ ĐĞŶƚƌĂů  
ĂŶĚ ĞĂƐƚĞƌŶ ƉĂƌƚ ŽĨ >ĂƚǀŝĂ ĐƵƌƌĞŶƚůǇ ŝƐ ĐŽŶƐŝĚĞƌĞĚ ŝŶĂƉƉƌŽƉƌŝĂƚĞ ĨŽƌ ďĞĞĐŚ ďĞĐĂƵƐĞ  
ŽĨ ƚŚĞ ŝŶĨƌĞƋƵĞŶƚ ĞǆƚƌĞŵĞůǇ ůŽǁ Ăŝƌ ƚĞŵƉĞƌĂƚƵƌĞ ŝŶ ǁŝŶƚĞƌƐ͕ ƚŚĂƚ ƚŚŝƐ ƚƌĞĞ ƐƉĞĐŝĞƐ  
ĐĂŶŶŽƚ  ƚŽůĞƌĂƚĞ  ;�ŽůƚĞ  et al͕͘  ϮϬϬϳͿ͘  EĞǀĞƌƚŚĞůĞƐƐ͕  ƚĂŬŝŶŐ  ŝŶƚŽ  ĂĐĐŽƵŶƚ  ŽŶŐŽŝŶŐ  
ĂŶĚ ƉƌĞĚŝĐƚĞĚ  ŝŶĐƌĞĂƐĞ ŽĨ ĂǀĞƌĂŐĞ ƚĞŵƉĞƌĂƚƵƌĞ ƚŚĂƚ  ŝƐ ƉĂƌƚůǇ ĚƵĞ ƚŽ ƚŚĞ  ŝŶĐƌĞĂƐĞ  
ŽĨ ƚĞŵƉĞƌĂƚƵƌĞ ĚƵƌŝŶŐ ǁŝŶƚĞƌ ;>ŝǌƵŵĂ et al͕͘ ϮϬϬϳͿ͕ ƚŚĞ ŐƌŽǁŝŶŐ ĐŽŶĚŝƟŽŶƐ ŝŶ ƚŚŝƐ  
ĂƌĞĂ ĂƌĞ ŐƌĂĚƵĂůůǇ ďĞĐŽŵŝŶŐ ďĞĐŽŵĞ ŵŽƌĞ ƐƵŝƚĂďůĞ ĨŽƌ �ƵƌŽƉĞĂŶ ďĞĞĐŚ͕ ĂŶĚ ŝƚ ŝƐ  
ǁŽƌƚŚǁŚŝůĞ  ƚŽ ĞƐƚĂďůŝƐŚ ĞǆƉĞƌŝŵĞŶƚĂů ƉůĂŶƚĂƟŽŶƐ ĂŶĚ ƐĞůĞĐƚ  ĨĂŵŝůŝĞƐ  ;ŐĞŶŽƚǇƉĞƐͿ  
ƚŚĂƚ ĂƌĞ ŵŽƐƚ ĂĚĂƉƚĞĚ ĨŽƌ ƚŚĞ ůŽĐĂů ĐŽŶĚŝƟŽŶƐ͘ 

^ĞůĞĐƟŽŶ ŽĨ  ƐƵĐŚ ŵĂƚĞƌŝĂů ŵŝŐŚƚ ďĞ ƉŽƐƐŝďůĞ͕ ĂƐ  ƐƵŐŐĞƐƚĞĚ ďǇ  ƚŚĞ  ůŽĐĂƟŽŶ  
ŽĨ  ĐƵƌƌĞŶƚ  ƐƚĂŶĚƐ Žƌ  ŝŶĚŝǀŝĚƵĂů  ƚƌĞĞƐ͕ ŵĂƉƉĞĚ ďǇ �ƌ͘ ŚĂďŝů͘ DĂƌŝƐ  >ĂŝǀŝŶƐ͘ ,Ğ  ĂůƐŽ 
ŚĂƐ  ĞƐƚĂďůŝƐŚĞĚ  ƚǁŽ  ůŽŶŐͲƚĞƌŵ  ƐĂŵƉůĞ  ƉůŽƚƐ  ŝŶ  ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  ďĞĞĐŚ  ƐƚĂŶĚƐ 
;ƉƌŽŐĞŶŝĞƐ  ŽĨ  ƚŚĞ  ĮƌƐƚ  ŐĞŶĞƌĂƟŽŶ  ǁŝƚŚ  ƚŚĞ  ŽƌŝŐŝŶ  ĨƌŽŵ  'ĞƌŵĂŶǇͿ͘  /Ŷ  ƚŚŽƐĞ 
ƐĂŵƉůĞ  ƉůŽƚƐ  ƚƌĞĞ  ĂŶĚ  ƐƚĂŶĚ  ƉĂƌĂŵĞƚĞƌƐ͕  ĚĞĂĚ  ǁŽŽĚ  ĂŵŽƵŶƚ  ĂŶĚ  ƉƌŽũĞĐƟǀĞ  
ĐŽǀĞƌ  ŽĨ  ĐƌŽǁŶƐ  ŚĂƐ  ďĞĞŶ  ŵĞĂƐƵƌĞĚ  ĂŶĚ  ŚĞĂůƚŚ  ĐŽŶĚŝƟŽŶ  ŽĨ  ĐƌŽǁŶƐ  ŚĂƐ  ďĞĞŶ 
ĚĞƐĐƌŝďĞĚ  ;>ĂŝǀŝźƓ͕  ϮϬϭϬͿ͘  >ĂƌŐĞƌ  ƐĞƚ  ŽĨ  ƐĂŵƉůĞ  ƉůŽƚƐ  ĨŽƌ  ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ  ŽĨ  
ĚǇŶĂŵŝĐ  ŽĨ  ƚƌĞĞ  ĂŶĚ  ƐƚĂŶĚ  ĚĞǀĞůŽƉŵĞŶƚ  ǁĞƌĞ  ƌĞƉĞĂƚĞĚůǇ  ŵĞĂƐƵƌĞĚ  ďǇ  ƉƌŽĨ͘   
�ŶĚƌĞũƐ  �ƌĞŝŵĂŶŝƐ  ;�ƌĞŝŵĂŶŝƐ͕  ϮϬϬϱ͕  ϮϬϬϲͿ͘  /ƚ  ƌĞǀĞĂůĞĚ  ŵŽƐƚůǇ  ŝŶĨŽƌŵĂƟŽŶ  ŽŶ  
ĚŝĂŵĞƚĞƌ  ŝŶĐƌĞŵĞŶƚ  ĂŶĚ  ǇŝĞůĚ͕  ďƵƚ  ŝŶĨŽƌŵĂƟŽŶ  ŽŶ  ŚĞŝŐŚƚ  ŐƌŽǁƚŚ  ŽĨ  ďĞĞĐŚ  ŝƐ  
ƐƟůů ŵŝƐƐŝŶŐ͘  /ŶŇƵĞŶĐĞ  ŽĨ ŵĞƚĞŽƌŽůŽŐŝĐĂů  ĐŽŶĚŝƟŽŶƐ  ŽŶ  ƚŚĞ  ƚƌĞĞͲƌŝŶŐ ǁŝĚƚŚ  ŚĂǀĞ  
ďĞĞŶ  ĂŶĂůǇƐĞĚ͕  ƵƐŝŶŐ  ůŝŵŝƚĞĚ  ŐƌŽƵƉ ŽĨ  ƐĂŵƉůĞƐ͕  ĂŶĚ ŶĞŐĂƟǀĞ  ŝŵƉĂĐƚ  ŽĨ  ƐƵŵŵĞƌ  
ĚƌŽƵŐŚƚ  ƚŽ  ƌĂĚŝĂů  ŝŶĐƌĞŵĞŶƚ  ŝŶĚŝĐĂƚĞĚ  ;^ĂďƵůĞථ/͕͘  ϮϬϬϵͿ͘  ,ŽǁĞǀĞƌ͕   ĚŝīĞƌĞŶĐĞƐ  
ŝŶ  ƌĞĂĐƟŽŶ  ƚŽ  ŵĞƚĞŽƌŽůŽŐŝĐĂů  ĐŽŶĚŝƟŽŶƐ  ďĞƚǁĞĞŶ  ŐĞŶĞƌĂƟŽŶƐ  ŽĨ  ďĞĞĐŚ  ŚĂƐ 
ŶŽƚ  ďĞĞŶ  ĂŶĂůǇƐĞĚ  ĂŶĚ  ƌĂĚŝĂů  ŝŶĐƌĞŵĞŶƚ  ĚǇŶĂŵŝĐ  ĚƵƌŝŶŐ  ǀĞŐĞƚĂƟŽŶ  ƐĞĂƐŽŶ͕  
ƌĞǀĞĂůŝŶŐ  ŝŶƐŝĚĞƐ ĂŶĚ ƉŽƚĞŶƟĂů ĐĂƵƐĞƐ  ĨŽƌ  ƚŚĞ ĚĞƚĞƌŵŝŶĞĚ  ŝŵƉĂĐƚƐ͕ ŚĂƐ ŶŽƚ ďĞĞŶ 
ƐƚƵĚŝĞĚ͘ 

ϯϬ



1.2. Aim of the thesis

dŽ  ĂƐƐĞƐƐ  ƚŚĞ  ŐƌŽǁƚŚ  ƉŽƚĞŶƟĂů  ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ŝŶ  >ĂƚǀŝĂ  ŝŶ  ĐŽŶƚĞǆƚ  ŽĨ  
ĐůŝŵĂƚĞ ĐŚĂŶŐĞ͘

1.3. Research tasks of the thesis

ϭ͘  dŽ  ĐŚĂƌĂĐƚĞƌŝǌĞ  ĨĂĐƚŽƌƐ  ĂīĞĐƟŶŐ  ŶĂƚƵƌĂů  ƌĞŐĞŶĞƌĂƟŽŶ  ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  
ĂŌĞƌ  ĐůĞĂƌĐƵƚ  ĂŶĚ  ƵŶĚĞƌ  ƚŚĞ  ĐĂŶŽƉǇ  ĂŶĚ  ƚŽ  ĚĞƐĐƌŝďĞ  ŐĞŶĞƟĐ  ĚŝǀĞƌƐŝƚǇ  ŽĨ  
ŝƚƐ ƐĞĐŽŶĚ ŐĞŶĞƌĂƟŽŶ͘

Ϯ͘  dŽ ĐŚĂƌĂĐƚĞƌŝǌĞ  ƐƵƌǀŝǀĂů  ĂŶĚ ŐƌŽǁƚŚ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ  ƐĞĐŽŶĚ ŐĞŶĞƌĂƟŽŶ  
ŝŶ ƌĞůĂƟǀĞůǇ ŚĂƌƐŚ ĐůŝŵĂƟĐ ĐŽŶĚŝƟŽŶƐ ŝŶ ĐĞŶƚƌĂů ƉĂƌƚ ŽĨ >ĂƚǀŝĂ͘

ϯ͘  dŽ ĂƐƐĞƐƐ ƚŚĞ ŐƌŽǁƚŚ ĚǇŶĂŵŝĐƐ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ͘
ϰ͘  dŽ  ĐŚĂƌĂĐƚĞƌŝǌĞ  ŝŶŇƵĞŶĐĞ  ŽĨ ŵĞƚĞŽƌŽůŽŐŝĐĂů  ĨĂĐƚŽƌƐ  ŽŶ  ƌĂĚŝĂů  ŝŶĐƌĞŵĞŶƚ  ŽĨ  

ĚŝīĞƌĞŶƚ ĚŝŵĞŶƐŝŽŶ �ƵƌŽƉĞĂŶ ďĞĞĐŚ͘ 

1.4. The thesis

ϭ͘  EĂƚƵƌĂů  ƌĞŐĞŶĞƌĂƟŽŶ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ  ŝŶ >ĂƚǀŝĂ  ŝƐ  ƐƵĐĐĞƐƐĨƵů ďŽƚŚ ƵŶĚĞƌ 
ƚŚĞ ĐĂŶŽƉǇ ĂŶĚ ĂŌĞƌ ĐůĞĂƌĐƵƚ͘ 

Ϯ͘  'ƌŽǁƚŚ  ĂŶĚ  ƐĞŶƐŝƟǀŝƚǇ  ƚŽ  ŵĞƚĞŽƌŽůŽŐŝĐĂů  ĨĂĐƚŽƌƐ  ŽĨ  ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  
�ƵƌŽƉĞĂŶ ďĞĞĐŚ ĚŝīĞƌƐ ĨƌŽŵ ƚŚĂƚ ŽĨ ĮƌƐƚ ŐĞŶĞƌĂƟŽŶ͘

1.5. Scientific novelty

�ŝīĞƌĞŶĐĞƐ  ŝŶ  ƌĞĂĐƟŽŶ  ƚŽ  ĐůŝŵĂƟĐ  ĨĂĐƚŽƌƐ  ŽĨ  ƚǁŽ  ŐĞŶĞƌĂƟŽŶƐ  ŽĨ  �ƵƌŽƉĞĂŶ 
ďĞĞĐŚ ŝŶ ŝƚƐ ƐƚĂŶĚƐ ŶŽƌƚŚĞĂƐƚ ĨŽƌŵ ŝƚƐ ŶĂƚƵƌĂů ĚŝƐƚƌŝďƵƟŽŶ ƌĂŶŐĞ ŚĂĚ ďĞĞŶ ĐŽŵƉĂƌĞĚ 
ĨŽƌ ƚŚĞ ĮƌƐƚ ƟŵĞ͘ &Žƌ ƚŚĞ ĮƌƐƚ ƟŵĞ ŝŶ �ĂůƟĐ ĐŽƵŶƚƌŝĞƐ ƐƵƌǀŝǀĂů ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ 
ƵŶĚĞƌ ĐĂŶŽƉǇ ƐĞǀĞƌĂů ĚĞĐĂĚĞƐ ĂŌĞƌ ƉůĂŶƟŶŐ͕ ŐĞŶĞƟĐ ĚŝǀĞƌƐŝƚǇ ŽĨ ƚǁŽ ŐĞŶĞƌĂƟŽŶƐ͕ 
ĂŶĚ ŚĞŝŐŚƚ ŐƌŽǁƚŚ ŚĂĚ ďĞĞŶ ĐŚĂƌĂĐƚĞƌŝǌĞĚ͘ 

1.6. Approbation of research results

dŚĞ ƌĞƐĞĂƌĐŚ ƌĞƐƵůƚƐ ŚĂǀĞ ďĞĞŶ ƐƵŵŵĂƌŝǌĞĚ ŝŶ ĞŝŐŚƚ ƉƵďůŝĐĂƟŽŶƐ ĂŶĚ ŚĂǀĞ 
ďĞĞŶ ƉƌĞƐĞŶƚĞĚ ŝŶ ƐĞǀĞŶ ƐĐŝĞŶƟĮĐ ĐŽŶĨĞƌĞŶĐĞƐ͘ 

ϯϭ



ϯϮ

2. MATERIAL AND METHODS

�ĂƚĂ ĨŽƌ ƚŚĞ ƌĞƐĞĂƌĐŚ ǁĞƌĞ ĐŽůůĞĐƚĞĚ ŝŶ ƚŚĞ ďŝŐŐĞƐƚ �ƵƌŽƉĞĂŶ ďĞĞĐŚ ƐƚĂŶĚƐ  
ŝŶ >ĂƚǀŝĂ͗ ŝŶ dĂůƐŝ͕ DĂĚŽŶĂ͕ dĤƌǀĞƚĞ͕ �ŝǌƉƵƚĞ ĂŶĚ WƌŝĞŬƵůĞ ĚŝƐƚƌŝĐƚƐ ;&ŝŐ͘ථϮ͘ϭ͘Ϳ͘

&ŝŐ͘ථϮ͘ϭ͘ Distribution of beech in Latvia (with grey dots, data: Latvijas  
dendrofloras atlants) and sites selected for specific of research tasks
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2.�MATERI
LS�UN�METODES�
 

PĤtţjumam dati ievĈkti ĚŝǎƐŬĈďĂƌǎĂ lielĈkajĈƐ audzĤƐ LatvijĈ: dĂůƐƵ͕ DĂĚŽŶĂƐ͕ 
TĤƌǀĞƚĞƐ͕ �ŝǌƉƵƚĞƐ un WƌŝĞŬƵůĞƐ novadĈ (2.1. att.). 
 

 
 

2.1. att.�DižskĈbarža�izplatţba�LatvijĈ�(pelĤkie�punkti,�dati:��
Latvijas�dendrofloras�atlants)�un�dažĈdiem�pĤtţjuma�uzdevumiem��

izvĤlĤto�objektu�izvietojums��
 

PĤtţjumĈ  analizĤti  vairĈku  ƉĂĂƵĚǎƵ  koki. Ar pirmo paaudzi  ƐĂƉƌŽƚ  ĂƵĚǌĞƐ͕ 
ŬƵƌĂƐ  ƐƚĈdţƚĂƐ͕  izmantojot  VĈĐŝũĂƐ  ziemeŲu  daŲĈ  ievĈŬƚĂƐ  ƐĤŬůĂƐ͕  ĂƵĚǎƵ  ǀĞĐƵŵƐ 
aptuveni 100–140 gadi. Otro paaudzi veido pirmĈƐ ƉĂĂƵĚǌĞƐ pĤcnĈcĤũŝ͕ izauguši no 
vietĤjĈ ƐĤklu materiĈla. 
 

2.1.�Gaismas�apstĈkŲu�ietekme�uz�dižskĈbarža�dabisko�atjaunošanos�
 

Lai  izzinĈtu  ŐĂŝƐŵĂƐ  ĂƉƐƚĈkŲu  ietekmi uz  ĚŝǎƐŬĈďĂƌǎĂ ĚĂďŝƐŬŽ ĂƚũĂƵŶŽƓĂŶŽƐ 
zem vainagu klĈũĂ͕ dĂůƐƵ novadĈ ierţkoti 11 ƚƌĂŶƐĞŬƚŝ ĚŝǎƐŬĈďĂƌǎĂ tţraudzĤ͕ �ŝƌŽƉĂƐ 
baltegŲu audzĤ ar bĤƌǌƵ͕ ŽǌŽůƵ͕ egŲu un ĚŝǎƐŬĈďĂƌǎƵ ƉŝĞŵŝƐƚƌŽũƵŵƵ͕ kĈ arţ lapu koku 
ŵŝƐƚƌĂƵĚǌĤ. DĞǎĂ ƚŝƉƐ – vĤƌŝƐ͕ ĂƵĚǎƵ ǀĞĐƵŵƐ aptuveni 120 gadi. dƌĂŶƐĞŬƚŝ ierţkoti 
cauri  ĚŝǎƐŬĈďĂƌǎĂ  ƉĂĂƵŐĂƐ  grupĈŵ͕  tie  ƐĂĚĂůţti  2 × 2 m  kvadrĈƚŽƐ  bez  ĂƚƐƚĂƌƉĤm 
ƐƚĂƌƉ tiem. KatrĈ ƉŽƐŵĈ ĂƚƐĞǀŝƓŭi ƵǌƐŬĂŝƚţta ĚŝǎƐŬĈďĂƌǎĂ un citu koku ƐƵŐƵ ƉĂĂƵŐĂ͕ 
uzmĤrţƚƐ tĈƐ ĂƵŐƐƚƵŵƐ͘ Katra kvadrĈta centrĈ veikta vainagu klĈja fotografĤƓĂŶĂ͕ lai 
varĤtu aprĤŭinĈt ŐĂŝƐŵĂƐ rĈdţtĈũƵƐ͘ FotogrĈĨŝũĂƐ uzźĞŵƚĂƐ ar Nikon Coolpix E8400 
ŬĂŵĞƌƵ͕  aprţkotu  ar  platleźŭa  (ĨŝƐŚ‐ĞǇĞ)  objektţvu  (DSLR  4.9 mmͲ203)  (Regent 
/ŶƐƚƌƵŵĞŶƚƐ /ŶĐ͕͘ YƵĞďĞĐ͕ �ĂŶĂĚĂͿ͕ kamera novietota 1.4 m ĂƵŐƐƚƵŵĈ ǀŝƌƐ ǌĞŵĞƐ͘ 

ĂƚũĂƵŶŽƓĂŶŽƐ ŝĞƚĞŬŵĤũŽƓŝĞ ĨĂŬƚŽƌŝ ͬ factors affecting regeneration
ŽƚƌĈƐ ƉĂĂƵĚǌĞƐ ŔĞŶĤƟƐŬĈ ĚĂƵĚǌǀĞŝĚţďĂ ͬ genetic diversity of second generation
ŽƚƌĈƐ ƉĂĂƵĚǌĞƐ ƐĂŐůĂďĈƓĂŶĈƐ ƵŶ ĂƵŐƓĂŶĂ ͬ survival and growth of second generation
ĂƵŐƐƚƵŵĂ ƉŝĞĂƵŐƵŵĂ ǀĞŝĚŽƓĂŶĈƐ ͬ formation of cumulative primary growth
ĐĂƵƌŵĤƌĂ  ƉŝĞĂƵŐƵŵƵ  ŝĞƚĞŬŵĤũŽƓŝĞ ŵĞƚĞŽƌŽůŽŔŝƐŬŝĞ  ĨĂŬƚŽƌŝ  ͬ meteorologic factors  
affecting secondary growth

dƌĞĞƐ  ĨƌŽŵ  ƚǁŽ  ŐĞŶĞƌĂƟŽŶƐ  ǁĞƌĞ  ĂŶĂůǇǌĞĚ͘  &ŝƌƐƚ  ŐĞŶĞƌĂƟŽŶ  ŝŶ  >ĂƚǀŝĂ  ĂƌĞ  
ƌĞƉƌĞƐĞŶƚĞĚ ďǇ ƐƚĂŶĚƐ͕ ĞƐƚĂďůŝƐŚĞĚ ĨƌŽŵ ƐĞĞĚ ƐŽƵƌĐĞƐ͕ ĐŽůůĞĐƚĞĚ  ŝŶ ŶŽƌƚŚĞƌŶ ƉĂƌƚ 
ŽĨ  'ĞƌŵĂŶǇ͕   ĂŐĞ  ŽĨ  ƚŚĞƐĞ  ƐƚĂŶĚƐ  ƌĂŶŐĞ  ĨƌŽŵ  ĂƉƉƌŽǆŝŵĂƚĞůǇ  ϭϬϬ  ƚŽ  ϭϰϬ  ǇĞĂƌƐ͘ 
dŚĞ  ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  ĐŽŶƐŝƐƚƐ  ŽĨ  ƉƌŽŐĞŶŝĞƐ  ŽĨ  ƚŚĞƐĞ  ŝŶƚƌŽĚƵĐƟŽŶƐ͕  ŵŽƐƚůǇ  
ĞƐƚĂďůŝƐŚĞĚ  ǀŝĂ  ŶĂƚƵƌĂů  ƌĞŐĞŶĞƌĂƟŽŶ͕  ƚŚĞ  ĂŐĞ  ŽĨ  ĨƌŽŵ  ĂƉƉƌŽǆŝŵĂƚĞůǇ  ϲϬ  ƚŽ  
ϴϬ ǇĞĂƌƐ͘

2.1. Influence of light conditions on natural regeneration of European beech

/Ŷ dĂůƐŝ ĚŝƐƚƌŝĐƚ ϭϭ ƚƌĂŶƐĞĐƚƐ ǁĞƌĞ ĞƐƚĂďůŝƐŚĞĚ  ŝŶ ƉƵƌĞ ďĞĞĐŚ ƐƚĂŶĚ͕  ŝŶ ƐŝůǀĞƌ  
Įƌ  ƐƚĂŶĚ  ǁŝƚŚ  ďŝƌĐŚ͕  ŽĂŬ͕  ƐƉƌƵĐĞ  ĂŶĚ  ďĞĞĐŚ  ĂĚŵŝǆƚƵƌĞ͕  ĂŶĚ  ŝŶ  ŵŝǆĞĚ  ƐƚĂŶĚ  ŽĨ  
ĚŝīĞƌĞŶƚ ĚĞĐŝĚƵŽƵƐ ƚƌĞĞƐ͘ dŚĞ Ăŝŵ ǁĂƐ ƚŽ ĐŚĂƌĂĐƚĞƌŝǌĞ ŝŶŇƵĞŶĐĞ ŽĨ ůŝŐŚƚ ĐŽŶĚŝƟŽŶƐ 
ƚŽ  ŶĂƚƵƌĂů  ƌĞŐĞŶĞƌĂƟŽŶ ŽĨ  ďĞĞĐŚ ƵŶĚĞƌ  ĐĂŶŽƉǇ͘  &ŽƌĞƐƚ  ƚǇƉĞ  ʹ Oxalydosa  ;ůŽĂŵǇ 
ƐŽŝůͿ͘  �ŐĞ  ŽĨ  ƐƚĂŶĚƐ  ʹ  ĂƉƉƌŽǆŝŵĂƚĞůǇ  ϭϮϬ  ǇĞĂƌƐ͘  dƌĂŶƐĞĐƚƐ  ǁĞƌĞ  ŵĂĚĞ  ƚŚƌŽƵŐŚ  



ďĞĞĐŚ  ƌĞŐĞŶĞƌĂƟŽŶ  ŐƌŽƵƉƐ͕  ƚŚŽƐĞ  ǁĞƌĞ  ƐƉůŝƚĞĚ  ŝŶ  ϮථпථϮථŵ  ƐƋƵĂƌĞ  ƐĂŵƉůĞ  ƉůŽƚƐ  
ǁŝƚŚŽƵƚ ĂŶǇ ƐƉĂĐĞƐ ďĞƚǁĞĞŶ͘ /Ŷ ĞĂĐŚ ƐĂŵƉůĞ ƉůŽƚ ƌĞŐĞŶĞƌĂƟŽŶ ŽĨ Ăůů ƚƌĞĞ ƐƉĞĐŝĞƐ  
ǁĞƌĞ ĐŽƵŶƚĞĚ ĂŶĚ ŚĞŝŐŚƚ ŽĨ ĞĂĐŚ ƵŶĚĞƌŐƌŽǁƚŚ ƚƌĞĞ ǁĂƐ ŵĞĂƐƵƌĞĚ͘ /Ŷ ƚŚĞ ĐĞŶƚĞƌ  
ŽĨ ĞĂĐŚ  ƐĂŵƉůĞ ƉůŽƚ  ĐĂŶŽƉǇ  ŝŵĂŐĞ ǁĂƐ  ƚĂŬĞŶ ďǇ Ă ĚŝŐŝƚĂů  ĐĂŵĞƌĂ  ;EŝŬŽŶ �ŽŽůƉŝǆ 
�ϴϰϬϬͿ ĞƋƵŝƉƉĞĚ ǁŝƚŚ Ă ĮƐŚͲĞǇĞ ůĞŶƐ ;�^>Z ϰ͘ϵ ŵŵͲϮϬϯͿ ;ZĞŐĞŶƚ /ŶƐƚƌƵŵĞŶƚƐ /ŶĐ͕͘  
YƵĞďĞĐ͕  �ĂŶĂĚĂͿ͕  ƉůĂĐĞĚ  Ăƚ  ϭ͘ϰථŵ  ŚĞŝŐŚƚ͘  /Ŷ  ƐŝůǀĞƌ  Įƌ  ƐƚĂŶĚ  ĂĚĚŝƟŽŶĂů  ĚĂƚĂ  
ǁĞƌĞ  ĐŽůůĞĐƚĞĚ͗  ŝŶ  ĞǀĞƌǇ  ϰ  ŵĞƚĞƌƐ  ŽĨ  ƚƌĂŶƐĞĐƚ  ĚŝƐƚĂŶĐĞ  ƚŽ  ƚŚĞ  ĨƵƌƚŚĞƐƚ  ;ĨƌŽŵ  
ƚŚĞ  ƚƌĂŶƐĞĐƚƐ  ĐĞŶƚƌĂů  ůŝŶĞͿ  ƵŶĚĞƌŐƌŽǁƚŚ  ďĞĂĐŚ  ƚƌĞĞ ǁĂƐ ŵĞĂƐƵƌĞĚ  ƚŽ  ĚĞƚĞƌŵŝŶĞ  
ƐŚĂƉĞ  ĂŶĚ  ĂƌĞĂ  ŽĨ  ƚŚĞ  ďĞĞĐŚ  ƵŶĚĞƌŐƌŽǁƚŚ  ŐƌŽƵƉ͘  �ůƐŽ  ƚŚĞ  ĐůŽƐĞƐƚ  ĂĚƵůƚ  ƚƌĞĞ͕  
ĂīĞĐƟŶŐ  ůŝŐŚƚ  ĐŽŶĚŝƟŽŶƐ͕  ǁĂƐ  ŝĚĞŶƟĮĞĚ  ĂŶĚ  ƚŚĞ  ĚŝƐƚĂŶĐĞ  ƚŽ  ŝƚ͕  ĂƐ  ǁĞůů  ĂƐ  ŝƚƐ  
ƉĂƌĂŵĞƚĞƌƐ  ;ŚĞŝŐŚƚ͕  ĚŝĂŵĞƚĞƌ͕   ƐƉĞĐŝĞƐͿ  ŵĞĂƐƵƌĞĚ͘  �ůů  ĚŽŵŝŶĂŶƚ  ĂŶĚ  ƐƵƉƉƌĞƐƐĞĚ  
ďĞĞĐŚ  ƚƌĞĞƐ  ;ƉŽƚĞŶƟĂů  ƐĞĞĚ  ƐŽƵƌĐĞͿ  ŝŶ  ϯϬථŵ  ƌĂĚŝƵƐ  ĂƌŽƵŶĚ  ƚŚĞ  ƚƌĂŶƐĞĐƚ  ǁĞƌĞ  
ŝĚĞŶƟĮĞĚ͕ ƚŚĞ ŚĞŝŐŚƚ͕ ĚŝĂŵĞƚĞƌ ĂŶĚ ĚŝƐƚĂŶĐĞ ĨƌŽŵ ƚŚĞ ƚƌĂŶƐĞĐƚ ǁĞƌĞ ŵĞĂƐƵƌĞĚ͘ 

>ŝŐŚƚ  ĐŽŶĚŝƟŽŶƐ  ŝŶ  ƚŚĞ  ƐĂŵƉůĞ ƉůŽƚƐ ǁĞƌĞ ĂƐƐĞƐƐĞĚ  ĨƌŽŵ  ƚŚĞ  ŝŵĂŐĞƐ ƵƐŝŶŐ 
ƚŚĞ tŝŶ^ĐĂŶŽƉǇ ϮϬϬϲĂ ƐŽŌǁĂƌĞ ;ZĞŐĞŶƚ /ŶƐƚƌƵŵĞŶƚƐ /ŶĐ͕͘ YƵĞďĞĐ͕ �ĂŶĂĚĂͿ͘ �ŝƌĞĐƚ͕ 
ĚŝīƵƐĞ ĂŶĚ ƚŽƚĂů ƌĂĚŝĂƟŽŶ ;ŵŽůථŵͲϮථĚĂǇͲϭͿ ǁĂƐ ĐĂůĐƵůĂƚĞĚ ŝŶ ƉƵƌĞ ďĞĞĐŚ ƐƚĂŶĚ ĂŶĚ  
ŵŝǆĞĚ ĚĞĐŝĚƵŽƵƐ ƚƌĞĞƐ ƐƚĂŶĚ͘ /Ŷ ƐŝůǀĞƌ Įƌ ƐƚĂŶĚ ŐĂƉ ĨƌĂĐƟŽŶ͕ ŽƉĞŶŶĞƐƐ͕ ĚŝƌĞĐƚ ĂŶĚ 
ƚŽƚĂů ƌĂĚŝĂƟŽŶ ǁĞƌĞ ĐĂůĐƵůĂƚĞĚ͘ 

/Ŷ �ŝǌƉƵƚĞ ĚŝƐƚƌŝĐƚ ƐĂŵƉůĞ ƉůŽƚƐ ŝŶ ĐůĞĂƌĐƵƚ ĂƌĞĂƐ ǁĞƌĞ ĞƐƚĂďůŝƐŚĞĚ ƚŽ ĂƐƐĞƐƐ 
ŶĂƚƵƌĂů  ƌĞŐĞŶĞƌĂƟŽŶ ŽĨ  ďĞĞĐŚ͘  dŚƌĞĞ  ǇŽƵŶŐ  ƐƚĂŶĚƐ  ĂŌĞƌ  ĐůĞĂƌĐƵƚ  ŶĞǆƚ  ƚŽ  ƐƚĂŶĚƐ 
ǁŝƚŚ ĂĚƵůƚ ďĞĞĐŚ ƚƌĞĞƐ ;ĂƐ ƐĞĞĚ ƐŽƵƌĐĞͿ ǁĞƌĞ ƐĞůĞĐƚĞĚ͘ /Ŷ ƚŽƚĂů ϳϵ ƐĂŵƉůĞ ƉůŽƚƐ ǁĞƌĞ 
ĞƐƚĂďůŝƐŚĞĚ ǁŝƚŚ ĂƌĞĂ ϮϱථŵϮ ĞĂĐŚ͘ �ŝƐƚĂŶĐĞ  ĨƌŽŵ ŶĞĂƌĞƐƚ  ƐƚĂŶĚ ǁŝƚŚ ĂĚƵůƚ ďĞĞĐŚ 
ƚƌĞĞƐ  ĨŽƌ  ĞĂĐŚ  ƐĂŵƉůĞ  ƉůŽƚ  ǁĂƐ ŵĞĂƐƵƌĞĚ͘  �ůů  ƌĞŐĞŶĞƌĂƟŽŶ  ŽĨ  ďĞĞĐŚ  ĂŶĚ  ŽƚŚĞƌ  
ƐƉĞĐŝĞƐ ǁĂƐ  ĐŽƵŶƚĞĚ͕  ŚĞŝŐŚƚ  ĂŶĚ  ĚŝĂŵĞƚĞƌ  ŽĨ  ƌĞŐĞŶĞƌĂƟŽŶ ǁĂƐ ŵĞĂƐƵƌĞĚ͕  ŚĞƌď  
ƐƉĞĐŝĞƐ ǁĞƌĞ ŝĚĞŶƟĮĞĚ͕ ŝŶĚŝǀŝĚƵĂů ĂŶĚ ƚŽƚĂů ƉƌŽũĞĐƟǀĞ ĐŽǀĞƌ ŽĨ ŚĞƌďƐ ǁĂƐ ĂƐƐĞƐƐĞĚ͕ 
�ůůĞŶďĞƌŐ Ɛ͛ ǀĂůƵĞƐ ŽĨ ŚĞƌď ƐƉĞĐŝĞƐ ǁĞƌĞ ŵĂƌŬĞĚ͘ 

2.2. Genetic diversity of the second generation

/Ŷ  WƌŝĞŬƵůĞ  ĂŶĚ  dĂůƐŝ  ĚŝƐƚƌŝĐƚ  ŐĞŶĞƟĐ  ĚŝǀĞƌƐŝƚǇ  ŽĨ  ƚŚĞ  ĮƌƐƚ  ĂŶĚ  ƚŚĞ  ƐĞĐŽŶĚ  
ŐĞŶĞƌĂƟŽŶ  ďĞĞĐŚ  ƚƌĞĞƐ  ǁĞƌĞ  ĂŶĂůǇƐĞĚ͘  &ƌŽŵ  ƚǁŽ  ďĞĞĐŚ  ƐƚĂŶĚƐ  ;ĂŐĞ  
ϭϭϮʹϭϭϴ ǇĞĂƌƐͿ  ŝŶ Oxalidosa  ĨŽƌĞƐƚ ƚǇƉĞ ;ůŽĂŵǇ ƐŽŝůͿ ǁŽŽĚ ƐĂŵƉůĞƐ ĨƌŽŵ ƚŚĞ ĮƌƐƚ  
ŐĞŶĞƌĂƟŽŶ  ƚƌĞĞƐ ǁĞƌĞ  ĐŽůůĞĐƚĞĚ͘  /Ŷ  ƚŚĞ  ĐĞŶƚƌĞ ŽĨ  ƐƚĂŶĚ  ĨƌŽŵ  ƚŚĞ ĂƌĞĂ ϮϬථпථϮϬථŵ  
ůĞĂĨ  ƐĂŵƉůĞƐ  ĨƌŽŵ  Ăůů  ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  ďĞĞĐŚ  ƚƌĞĞƐ  ǁĞƌĞ  ĐŽůůĞĐƚĞĚ͘  /Ŷ  ƚŽƚĂů  
ϰϱ  ďĞĞĐŚ  ƚƌĞĞƐ  ĨƌŽŵ  ƚŚĞ  ĮƌƐƚ  ŐĞŶĞƌĂƟŽŶ  ĂŶĚ  ϭϬϲ  ďĞĞĐŚ  ƚƌĞĞƐ  ĨƌŽŵ  ƚŚĞ  ƐĞĐŽŶĚ  
ŐĞŶĞƌĂƟŽŶ ǁĞƌĞ ĂŶĂůǇƐĞĚ  ĨƌŽŵ ƐƚĂŶĚ  ŝŶ WƌŝĞŬƵůĞ ĚŝƐƚƌŝĐƚ͕  ĂŶĚ ϲϯ ĂŶĚ ϭϬϭ ďĞĞĐŚ 
ƚƌĞĞƐ ĨƌŽŵ ƐƚĂŶĚ  ŝŶ dĂůƐŝ ĚŝƐƚƌŝĐƚ͕ ƌĞƐƉĞĐƟǀĞůǇ͘ 'ĞŶĞƟĐ ĂŶĂůǇƐŝƐ ǁĂƐ ĐĂƌƌŝĞĚ ŽƵƚ  ŝŶ 
>^&Z/ ^ŝůĂǀĂ 'ĞŶĞƟĐ ZĞƐŽƵƌĐĞ �ĞŶƚƌĞ͘
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2.3. Survival and growth of European beech second generation  
in central part of Latvia

/Ŷ  ĐĞŶƚƌĂů  ƉĂƌƚ  ŽĨ  >ĂƚǀŝĂ͕  DĂĚŽŶĂ  ĚŝƐƚƌŝĐƚ  ƐƵƌǀŝǀĂů  ŽĨ  ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  
�ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ƵŶĚĞƌ  ĐĂŶŽƉǇ  ǁĂƐ  ĂƐƐĞƐƐĞĚ͘  �ĞĞĐŚ  ǁĞƌĞ  ƉůĂŶƚĞĚ  ŝŶ  ϭϵϴϯ͕  ŝŶ 
ϵϬͲǇĞĂƌƐ ŽůĚ ƉŝŶĞ ƐƚĂŶĚ ǁŝƚŚ ďŝƌĐŚ ĂŶĚ ƐƉƌƵĐĞ ĂĚŵŝǆƚƵƌĞ͘ Hylocomiosa ĨŽƌĞƐƚ ƚǇƉĞ͕ 
ĨƌĞƐŚ͕ ĨĞƌƟůĞ͕ ůŽĂŵǇ ƐŽŝů ǁŝƚŚ ĂĐŝĚŝĐ ƌĞĂĐƟŽŶ͘ dŚĞ ĂƌĞĂ ŽĨ ƐƚĂŶĚ ǁĂƐ ϯ͘ϱථŚĂ͘ ^ĞĞĚƐ 
ĨƌŽŵ  ďĞĞĐŚ  ƐƚĂŶĚƐ  ŝŶ  ǁĞƐƚĞƌŶ  ƉĂƌƚ  ŽĨ  >ĂƚǀŝĂ͕  dĂůƐŝ  ĚŝƐƚƌŝĐƚ  ǁĞƌĞ  ƵƐĞĚ͘  ^ĞĞĚůŝŶŐƐ 
ǁĞƌĞ ƌĂŝƐĞĚ  ŝŶ Ă  ůŽĐĂů ŶƵƌƐĞƌǇ ĂŶĚ ƉůĂŶƚĞĚ  ŝŶ ƌŽǁƐ  ŝŶ ƚŚĞ ƐƚĂŶĚ ĂŌĞƌ ĐŽŵŵĞƌĐŝĂů  
ƚŚŝŶŶŝŶŐ͕ ĂǀĞƌĂŐĞ ĚŝƐƚĂŶĐĞ ďĞƚǁĞĞŶ ƐĞĞĚůŝŶŐƐ ǁĂƐ Ϭ͘ϴථŵ͕ ĚŝƐƚĂŶĐĞ ďĞƚǁĞĞŶ ƌŽǁƐ  
ǁĞƌĞ  ǀĂƌŝŽƵƐ  ʹ  ĨƌŽŵ  ϯ͘ϱථŵ  ƚŽ  ϴ͘ϱථŵ͘  �ůƚŽŐĞƚŚĞƌ  ĂƉƉƌŽǆŝŵĂƚĞůǇ  ϱϬϬϬ  ƐĞĞĚůŝŶŐƐ  
ǁĞƌĞ ƉůĂŶƚĞĚ͘ �ŌĞƌ ϯϯ ǇĞĂƌƐ ϯϵϳϱ ďĞĞĐŚ ƐĞĞĚůŝŶŐƐ ƌĞŵĂŝŶĞĚ͘ ^ƚĂŶĚ ǁĂƐ ŵĂƉƉĞĚ  
ŝŶ  ǁŝŶƚĞƌ  ŽĨ  ϮϬϭϲ͗  ƉŽƐŝƟŽŶ  ;ŝŶ  ůŽĐĂů  ĐŽŽƌĚŝŶĂƚĞƐͿ͕  ĚŝĂŵĞƚĞƌ͕   ŚĞŝŐŚƚ  ĂŶĚ  ůĞŶŐƚŚ  
ŽĨ  ƚŚĞ  ůŽŶŐĞƐƚ  ďƌĂŶĐŚ  ;ƚŽ  ĞƐƟŵĂƚĞ  ŵĂǆŝŵƵŵ  ĐƌŽǁŶ  ƌĂĚŝƵƐͿ  ǁĂƐ  ŵĞĂƐƵƌĞĚ  ĨŽƌ  
ĞǀĞƌǇ ďĞĞĐŚ ƚƌĞĞ ĂƐ ǁĞůů ĂƐ ƉŽƐŝƟŽŶƐ ŽĨ ƚƌĞĞƐ ŽĨ ŽƚŚĞƌ ƐƉĞĐŝĞƐ ŵĂƌŬĞĚ͘ 

^ƵƌǀŝǀĂů  ŽĨ  ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  ďĞĞĐŚ  ƐĞĞĚůŝŶŐƐ  ǁĞƌĞ  ĂƐƐĞƐƐĞĚ  ĂůƐŽ  ŝŶ  
dĞƌǀĞƚĞ  ĚŝƐƚƌŝĐƚ  ƚǁĞůǀĞ  ǇĞĂƌƐ  ĂŌĞƌ  ƉůĂŶƟŶŐ  ďĞĞĐŚͲƐƉƌƵĐĞ  ƐŝŶŐůĞͲƌŽǁ  ŵŝǆƚƵƌĞ  ŝŶ  
ĐůĞĂƌĐƵƚ ĂƌĞĂ͘ dŚĞ ǇŽƵŶŐ ƐƚĂŶĚ ǁĂƐ ĞƐƚĂďůŝƐŚĞĚ ŝŶ ĨĞƌƟůĞ͕ ůŽĂŵǇ͕  ĨƌĞƐŚ ŵŝŶĞƌĂůͲƐŽŝů͕ 
ĨŽƌĞƐƚ  ƚǇƉĞ ʹ Oxalidosa͘ dǁŽ ǇĞĂƌƐ ŽůĚ  ƐƉƌƵĐĞ ƐĞĞĚůŝŶŐƐ  ĨƌŽŵ ŶƵƌƐĞƌǇ ĂŶĚ ďĞĞĐŚ 
ǁŝůĚůŝŶŐƐ  ĨƌŽŵ ŶĂƚƵƌĂů  ƌĞŐĞŶĞƌĂƟŽŶ ƵŶĚĞƌ ĐĂŶŽƉǇ  ŝŶ ǁĞƐƚĞƌŶ ƉĂƌƚ ŽĨ >ĂƚǀŝĂ͕ dĂůƐŝ 
ĚŝƐƚƌŝĐƚ ǁĞƌĞ ƵƐĞĚ͘ dŚĞ ƐŽŝů ǁĂƐ ƐĐĂƌŝĮĞĚ ŝŶ ƌŽǁƐ ďĞĨŽƌĞ ƉůĂŶƟŶŐ͘ �ŝƐƚĂŶĐĞ ďĞƚǁĞĞŶ 
ƐĞĞĚůŝŶŐƐ  ǁĂƐ  Ϯ͘ϱථŵ͕  ĂŶĚ  ĚŝƐƚĂŶĐĞ  ďĞƚǁĞĞŶ  ƌŽǁƐ  ǁĂƐ  ĂƉƉƌŽǆŝŵĂƚĞůǇ  Ϯʹϯථŵ͘  �ůů  
ƐƉƌƵĐĞ ĂŶĚ ďĞĞĐŚ ƚƌĞĞƐ ǁĞƌĞ ĐŽƵŶƚĞĚ ŝŶ ƚŚĞ ƐƚĂŶĚ͕ ŚĞŝŐŚƚ ĂŶĚ ĚŝĂŵĞƚĞƌ ĨŽƌ ĞĂĐŚ  
ƚƌĞĞ  ǁĂƐ  ŵĞĂƐƵƌĞĚ͘  &Žƌ  ďĞĞĐŚ  ƚƌĞĞƐ  ĂůƐŽ  ƚŚĞ  ŵĂǆŝŵƵŵ  ĐƌŽǁŶ  ƌĂĚŝƵƐ  ǁĂƐ  
ĞƐƟŵĂƚĞĚ͘ /ŶĐƌĞŵĞŶƚ ĐŽƌĞƐ ĨƌŽŵ ƐĞǀĞƌĂů ƚƌĞĞƐ͕ ďŽƚŚ ďĞĞĐŚ ĂŶĚ ƐƉƌƵĐĞ͕ ǁĞƌĞ ƚĂŬĞŶ  
ǁŝƚŚ  WƌĞƐƐůĞƌ  ďŽƌĞƌ  ĂƐ  ĐůŽƐĞ  ƚŽ  ŐƌŽƵŶĚ  ĂƐ  ƉŽƐƐŝďůĞ͘  /ŶĐƌĞŵĞŶƚ  ĐŽƌĞƐ  ŝŶ  ĂŝƌͲĚƌǇ  
ĐŽŶĚŝƟŽŶ  ǁĞƌĞ  ƉŽůŝƐŚĞĚ͕  ƚŚĞŶ  ƚƌĞĞͲƌŝŶŐ  ǁŝĚƚŚ  ǁĂƐ  ŵĞĂƐƵƌĞĚ  ƵƐŝŶŐ  >/Ed��  ϱ 
;ZŝŶŶd��,Ϳ ƐǇƐƚĞŵ ǁŝƚŚ ƚŚĞ ƉƌĞĐŝƐŝŽŶ ŽĨ Ϭ͘Ϭϭථŵŵ͘ 

2.4. Height increment

ZĞĐŽŶƐƚƌƵĐƟŽŶ ŽĨ ŚĞŝŐŚƚ ŐƌŽǁƚŚ ĚǇŶĂŵŝĐƐ ǁĂƐ ďĂƐĞĚ ŽŶ ƚŚĞ ƐĂŵƉůĞ ƚƌĞĞƐ͘  
&Žƌ  ƚŚŝƐ  ƉƵƌƉŽƐĞ  ƚĞŶ  ƐƚĂŶĚƐ  ǁĞƌĞ  ƐĞůĞĐƚĞĚ  ŝŶ  dĂůƐŝ  ĚŝƐƚƌŝĐƚ͘  �ŝƐƚĂŶĐĞ  ďĞƚǁĞĞŶ  
ƚŚĞ  ƐƚĂŶĚƐ  ǁĞƌĞ  ŶŽƚ  ůĂƌŐĞƌ  ƚŚĂŶ  ϱ  ŬŝůŽŵĞƚĞƌƐ͖  Ăůů  ƐƚĂŶĚƐ  ǁĞƌĞ  ǁŝƚŚ  ƐŝŵŝůĂƌ  
ƐŽŝů  ĐŽŶĚŝƟŽŶƐ͗  ĨƌĞƐŚ  ĨĞƌƟůĞ ŵŝŶĞƌĂů  ƐŽŝů͘  �ŐĞ  ŽĨ  ƚŚĞ  ƐƚĂŶĚƐ  ĂƉƉƌŽǆŝŵĂƚĞůǇ  ϳϬ  ƚŽ 
ϭϰϬ ǇĞĂƌƐ͘ ,ĞĂůƚŚǇ ĚŽŵŝŶĂŶƚ  ƚƌĞĞƐ ǁŝƚŚ ŽŶĞ  ƐƚĞŵ͕ ǁŝƚŚŽƵƚ  ƐĞƌŝŽƵƐ  ŝŶũƵƌŝĞƐ ǁĞƌĞ  
ƐĞůĞĐƚĞĚ͘  dŚĞ  ĚŽŵŝŶĂŶƚ  ƚƌĞĞƐ  ǁĞƌĞ  ƚĂŬĞŶ  ƚŽ  ĂǀŽŝĚ  ƚŚĞ  ĞīĞĐƚ  ŽĨ  ĐŽŵƉĞƟƟŽŶ  
;�ƌƵŶŶĞƌ Θ EŝŐŚ͕ ϮϬϬϬͿ͘ dƌĞĞƐ ǁĞƌĞ ĐƵƚ ĂŶĚ ƐƚĞŵ ĚŝƐŬƐ ;ĐƌŽƐƐͲĐƵƚ ƐĂŵƉůĞƐͿ ĐŽůůĞĐƚĞĚ  
ĨƌŽŵ  ƚŚĞ  ǁŚŽůĞ  ƐƚĞŵ  Ăƚ  Ϭ͘Ϯථŵ͕  ϭ͘ϯථŵ  ĂŶĚ  ĞǀĞƌǇ  Ϯථŵ  ĂďŽǀĞ  ƚŚĞ  ďĂƐĞ  ŚĞŝŐŚƚƐ͘  
^ƚĞŵ  ĚŝƐŬƐ  ǁĞƌĞ  ĚƌŝĞĚ͕  ƉŽůŝƐŚĞĚ  ĂŶĚ  ƚŚĞ  ĂŶŶƵĂů  ƌŝŶŐƐ  ǁĞƌĞ  ĐŽƵŶƚĞĚ  ƵŶĚĞƌ  
ŵŝĐƌŽƐĐŽƉĞ ƚŽ ĚĞƚĞĐƚ ƚŚĞ ĂŐĞ ŽĨ ƚŚĞ ƚƌĞĞƐ Ăƚ ĞĂĐŚ ŚĞŝŐŚƚ͘

ϯϰ



2.5. Influence of meteorological factors on radial growth  
of different dimension beech

dŽ ĂƐƐĞƐƐ ŝŶŇƵĞŶĐĞ ŽĨ ŵĞƚĞŽƌŽůŽŐŝĐĂů ĨĂĐƚŽƌƐ ŽŶ ƌĂĚŝĂů ŐƌŽǁƚŚ͕ ƐĂŵƉůĞ ƚƌĞĞƐ  
ǁĞƌĞ ƐĞůĞĐƚĞĚ ŝŶ �ƵƌŽƉĞĂŶ ďĞĞĐŚ ʹ ^ĐŽƚƐ ƉŝŶĞ ŵŝǆĞĚ ƐƚĂŶĚ ŽŶ ĨƌĞƐŚ ŵŝŶĞƌĂů ƐŽŝů͕  
ĨŽƌĞƐƚ  ƚǇƉĞ  Hylocomiosa  ŝŶ  dĂůƐŝ  ĚŝƐƚƌŝĐƚ͘  dǁŽ  ƚƌĞĞƐ  ĨƌŽŵ  ĚŝīĞƌĞŶƚ  ŐĞŶĞƌĂƟŽŶƐ  
ǁĞƌĞ  ƵƐĞĚ  ĨŽƌ  ƚŚĞ  ƐƚƵĚǇ͕   ůŽĐĂƚĞĚ  ŶĞĂƌďǇ  ;ĚŝƐƚĂŶĐĞ  ďĞƚǁĞĞŶ  ƚŚĞ  ƚƌĞĞƐ  ϴථŵͿ͘  dŚĞ  
ŚĞŝŐŚƚ  ŽĨ  ĮƌƐƚ  ŐĞŶĞƌĂƟŽŶ  ƚƌĞĞ  ;ĚŽŵŝŶĂŶƚ  ƚƌĞĞ  ŝŶ  ƚŚĞ  ƐƚĂŶĚͿ ǁĂƐ  ϯϰථŵ͕  ĚŝĂŵĞƚĞƌ  
Ăƚ  ďƌĞĂƐƚ  ŚĞŝŐŚƚ  ϱϱථĐŵ͕  ĂŐĞ  ϭϮϳ  ǇĞĂƌƐ͘  dŚĞ  ŚĞŝŐŚƚ  ŽĨ  ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  ƚƌĞĞ  
;ƐƵƉƉƌĞƐƐĞĚ  ƚƌĞĞ  ŝŶ  ƚŚĞ  ƐƚĂŶĚͿ  ǁĂƐ  ϭϮ͘ϲථŵ͕  ĚŝĂŵĞƚĞƌ  Ăƚ  ďƌĞĂƐƚ  ŚĞŝŐŚƚ  ϭϲථĐŵ͕  
ĂŐĞ  ϰϯ  ǇĞĂƌƐ͘  DŽŶŝƚŽƌŝŶŐ  ŽĨ  ƐƚĞŵ  ĚŝĂŵĞƚĞƌ  ǀĂƌŝĂƟŽŶ  ǁĂƐ  ĐĂƌƌŝĞĚ  ŽƵƚ  ǁŝƚŚ  
ĚĞŶĚƌŽŵĞƚĞƌ �Z>Ϯϲ� ;�D^ �ƌŶŽ͕ �ǌĞĐŚ ZĞƉƵďůŝĐͿ Ăƚ ďƌĞĂƐƚ ŚĞŝŐŚƚ͕ ŵĞĂƐƵƌĞŵĞŶƚ  
ŝŶƚĞƌǀĂů  ʹ  ƚĞŶ  ŵŝŶƵƚĞƐ͘  DĞĂƐƵƌĞŵĞŶƚƐ  ǁĞƌĞ  ĐĂƌƌŝĞĚ  ŽƵƚ  ĚƵƌŝŶŐ  ƚŚĞ  ǁŚŽůĞ  
ǀĞŐĞƚĂƟŽŶ  ƐĞĂƐŽŶ͘  DĞƚĞŽƌŽůŽŐŝĐĂů  ĚĂƚĂ  ƵƐĞĚ  ŝŶ  ƌĞƐĞĂƌĐŚ  ǁĞƌĞ  ŽďƚĂŝŶĞĚ  ĨƌŽŵ  
Ă  ŵŽďŝůĞ  ǁĞĂƚŚĞƌ  ƐƚĂƟŽŶ  ;sĂŶƚĂŐĞ  WƌŽϮ͕  �ĂǀŝƐ  /ŶƐƚƌƵŵĞŶƚƐ͕  h^�Ϳ͕  ůŽĐĂƚĞĚ  
ĚŝƌĞĐƚůǇ ŝŶ ƐŝƚĞ͘ �ůƐŽ ƐŽŝů ǁĂƚĞƌ ƉŽƚĞŶƟĂů ǁĂƐ ŵĞĂƐƵƌĞĚ ŝŶ ƚŚĞ ƐŝƚĞ ďǇ ƚĞŶƐŝŽŵĞƚĞƌƐ 
dϴ ;hD^ 'ŵď,͕ 'ĞƌŵĂŶǇͿ͘

�ĞŶĚƌŽĐůŝŵĂƚŽůŽŐŝĐĂů  ĂŶĂůǇƐŝƐ  ʹ  ĂĐĐĞƐƐŝŶŐ  ůŽŶŐ  ƚĞƌŵ  ŝŶŇƵĞŶĐĞ  ŽĨ  ƚŚĞ  
ŵĞƚĞŽƌŽůŽŐŝĐĂů  ƉĂƌĂŵĞƚĞƌƐ  ŽŶ  ǁŝĚƚŚ  ŽĨ  ĂŶŶƵĂů  ƌŝŶŐ  ʹ  ǁĂƐ  ĐĂƌƌŝĞĚ  ŽƵƚ͕  ďĂƐĞĚ  
ŽŶ ĚĂƚĂ ĨƌŽŵ ƚŚƌĞĞ �ƵƌŽƉĞĂŶ ďĞĞĐŚ ƐƚĂŶĚƐ͘ �ůƚŽŐĞƚŚĞƌ ϰϱ ƐĂŵƉůĞ ƚƌĞĞƐ ĨƌŽŵ ĞĂĐŚ  
ƐƚĂŶĚ  ŝŶ  dĂůƐŝ  ĚŝƐƚƌŝĐƚ  ĂŶĚ  ϵ  ƐĂŵƉůĞ  ƚƌĞĞƐ  ĨƌŽŵ  ƐƚĂŶĚ  ŝŶ  WƌŝĞŬƵůĞ  ĚŝƐƚƌŝĐƚ  ǁĞƌĞ  
ƐĞůĞĐƚĞĚ͘ �ůů  ƚŚƌĞĞ  ƐƚĂŶĚƐ ǁĞƌĞ ƉůĂĐĞĚ  ŝŶ ŇĂƚ  ƌĞůŝĞĨ͕   ŽŶ  ůŽĂŵǇ͕   ĨƌĞƐŚ ŵŝŶĞƌĂů  ƐŽŝů͘  
dŚĞ  ƐĂŵƉůĞ  ƚƌĞĞƐ  ĨƌŽŵ ĚŝīĞƌĞŶƚ ƉŽƐŝƟŽŶƐ  ŝŶ  ƚŚĞ  ĐĂŶŽƉǇ  ůĂǇĞƌ ǁĞƌĞ  ĐŽƌĞĚ ʹ  ƚǁŽ 
ĐŽƌĞƐ  ǁŝƚŚ  ƚŚĞ  WƌĞƐůĞƌ  ďŽƌĞƌ  ǁĞƌĞ  ƚĂŬĞŶ  Ăƚ  ƚŚĞ  ďƌĞĂƐƚ  ŚĞŝŐŚƚ  ĨƌŽŵ  ŽƉƉŽƐŝƚĞ  
ĚŝƌĞĐƟŽŶƐ͘  dŚƌĞĞͲƌŝŶŐ  ǁŝĚƚŚ  ŽĨ  ĚƌŝĞĚ͕  ƉŽůŝƐŚĞĚ  ĐŽƌĞƐ  ǁĂƐ  ŵĞĂƐƵƌĞĚ  ŵĂŶƵĂůůǇ͕   
ƵƐŝŶŐ  >ŝŶƚĂď  ϱ  ƐǇƐƚĞŵ  ;ZŝŶŶƚĞĐŚ͕  ,ĞŝĚĞůďĞƌŐ͕  'ĞƌŵĂŶǇͿ  ǁŝƚŚ  ƚŚĞ  ƉƌĞĐŝƐŝŽŶ  ŽĨ 
Ϭ͘Ϭϭථŵŵ͘ dŚĞ ŵĞĂƐƵƌĞĚ ƟŵĞ ƐĞƌŝĞƐ ŽĨ ƚƌĞĞͲƌŝŶŐ ǁŝĚƚŚ ǁĞƌĞ ĐƌŽƐƐĚĂƚĞĚ ĂŶĚ ƚŚĞŝƌ 
ƋƵĂůŝƚǇ ǁĂƐ ǀĞƌŝĮĞĚ ďǇ Ă ŐƌĂƉŚŝĐĂů  ŝŶƐƉĞĐƟŽŶ ĂŶĚ ƐƚĂƟƐƟĐĂůůǇ͕  ƵƐŝŶŐ  ƚŚĞ ƉƌŽŐƌĂŵ 
�K&��,� ;'ƌŝƐƐŝŶŽͲDĂǇĞƌ͕  ϮϬϬϭͿ͘

3. RESULTS AND DISCUSSION

3.1. Factors affecting natural regeneration of European beech in clearcut areas 
and under canopy, and genetic diversity of second generation

hŶĚĞƌŐƌŽǁƚŚ  ďĞůŽǁ  ƚŚĞ  ĐĂŶŽƉŝĞƐ  ŽĨ  ƚŚĞ  ůĂƌŐĞ  ƚƌĞĞƐ  ƌĞĐĞŝǀĞƐ  ůĞƐƐ  ƚŚĂŶ  
ϮϬй ĨƌŽŵ ƚŚĞ ƚŽƚĂů ƌĂĚŝĂƟŽŶ ;&ŝŐ͘ථϯ͘ϭ͘Ϳ͘ ,ĞŝŐŚƚ ŽĨ ďĞĞĐŚ ƵŶĚĞƌŐƌŽǁƚŚ ŚĂĚ ŵĞĚŝƵŵ  
ĐŽƌƌĞůĂƟŽŶ ǁŝƚŚ ůŝŐŚƚ ĐŽŶĚŝƟŽŶƐ ƵŶĚĞƌ ĐĂŶŽƉǇ͘ 

ϯϱ



/Ŷ  ďŽƚŚ  ƉƵƌĞ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ƐƚĂŶĚƐ  Ăůů  ĐĂůĐƵůĂƚĞĚ  ƌĂĚŝĂƟŽŶ  ƉĂƌĂŵĞƚĞƌƐ  
ǁĞƌĞ  ƐŝŐŶŝĮĐĂŶƚůǇ  ŝŶƚĞƌĐŽƌƌĞůĂƚĞĚ  ĂŶĚ  ŚĂĚ  ƐŝŵŝůĂƌ  ǀĂƌŝĂƟŽŶ  ;ǀĂƌŝĂƟŽŶ  ĐŽĞĸĐŝĞŶƚ  
ǁĂƐ ~Ϭ͘ϰϬͿ͘ �ŝīƵƐĞ ĂŶĚ ƚŽƚĂů ƌĂĚŝĂƟŽŶ ǁĞƌĞ ƚŚĞ ŵĂŝŶ ůŝŵŝƟŶŐ ĨĂĐƚŽƌƐ ĨŽƌ ŵŽƐƚ ŽĨ  
ƵŶĚĞƌŐƌŽǁƚŚ  ƐƉĞĐŝĞƐ  ĞǆĐĞƉƚ EŽƌǁĂǇ  ƐƉƌƵĐĞ͘  dŚĞ  ůŽǁĞƐƚ  ĞƐƟŵĂƚĞĚ  ƚŚƌĞƐŚŽůĚ  ĨŽƌ  
ĚŝīƵƐĞ  ƌĂĚŝĂƟŽŶ ǁĂƐ  ŽďƐĞƌǀĞĚ  ĨŽƌ  ďĞĞĐŚ  ;Ϭ͘ϯϳථŵŽůථŵͲϮථĚĂǇͲϭͿ͘  �ůƐŽ  ƚŚĞ  ŽďƐĞƌǀĞĚ  
ƚŚƌĞƐŚŽůĚ  ǀĂůƵĞ  ĨŽƌ  ƚŽƚĂů  ƌĂĚŝĂƟŽŶ  ĨŽƌ  ďĞĞĐŚ  ;Ϭ͘ϲϲථŵŽůථŵͲϮථĚĂǇͲϭͿ  ǁĂƐ  ƚŚĞ  ůŽǁĞƐƚ  
ĂŵŽŶŐ  ƚŚĞ  ĂƐƐĞƐƐĞĚ  ƚƌĞĞ  ƐƉĞĐŝĞƐ͕  ĞǆĐĞƉƚ  ĨŽƌ  ĂƐŚ  ǁŚŝĐŚ  ŚĂĚ  ƚŚĞ  ƐĂŵĞ  ǀĂůƵĞ 
;dĂď͘ථϯ͘ϭ͘Ϳ͘  /Ŷ ĐŽŶƚƌĂƐƚ͕  ƚŚĞ ŚŝŐŚĞƐƚ ƚŚƌĞƐŚŽůĚ ǀĂůƵĞƐ ŽĨ ƚŚĞ ĚŝīƵƐĞ ƌĂĚŝĂƟŽŶ ǁĞƌĞ  
ĞƐƟŵĂƚĞĚ  ĂŶĚ  ŽďƐĞƌǀĞĚ  ĨŽƌ  ƐŝůǀĞƌ  Įƌ  ĂŶĚ  ƌŽǁĂŶ  ;ĐĂ  Ϭ͘ϳϱ  ĂŶĚ  ϭ͘ϬϱථŵŽůථŵͲϮථĚĂǇͲϭ͕  
ƌĞƐƉĞĐƟǀĞůǇͿ͘  �ĞŶƐŝƚǇ  ŽĨ  ďĞĞĐŚ  ƌĞŐĞŶĞƌĂƟŽŶ  ƵŶĚĞƌ  ƚŚĞ  ĐĂŶŽƉǇ  ƌĂŶŐĞĚ  ĨƌŽŵ 
ϮϱϬϬ  ƚŽ  ϭϯථϬϬϬ  ƐĞĞĚůŝŶŐƐ  ŚĂͲϭ͘  dŚŝƐ  ŶƵŵďĞƌ  ĞǆĐĞĞĚƐ  ƚŚĞ  ŵŝŶŝŵƵŵ  ĚĞŶƐŝƚǇ  ŽĨ  
ƌĞŐĞŶĞƌĂƟŽŶ ƌĞƋƵŝƌĞĚ ďǇ ůĞŐŝƐůĂƟŽŶ ŝŶ >ĂƚǀŝĂ ;ϭϱϬϬ ƐĞĞĚůŝŶŐƐ ŚĂͲϭͿ͘ 

dĂďůĞථϯ͘ϭ͘
Calculated and measured values of light parameters

^ƉĞĐŝĞƐ
ZĂĚŝĂƟŽŶ ;ŵŽůථŵͲϮථƉĞƌ ĚĂǇͿ

�ĂůĐƵůĂƚĞĚ DĞĂƐƵƌĞĚ
�ŝīƵƐĞĚ dŽƚĂů �ŝīƵƐĞĚ dŽƚĂů

�ĞĞĐŚ Ϭ͘ϯϳ ;Ϯ͘ϰϴйͿ Ϭ͘ϭϵ ;Ϭ͘ϰϮйͿ Ϭ͘Ϯϴ ;ϭ͘ϵйͿ Ϭ͘ϲϲ ;ϭ͘ϰϱйͿ
EŽƌǁĂǇ ƐƉƌƵĐĞ Ͳ Ͳ Ϭ͘ϲϴ ;ϰ͘ϲϭйͿ ϭ͘ϰϱ ;ϯ͘ϭϵйͿ
^ŝůǀĞƌ Įƌ Ϭ͘ϳϵ ;ϱ͘ϯϮйͿ Ϯ͘ϰϮ ;ϱ͘ϯϭйͿ Ϭ͘ϳϬ ;ϰ͘ϳϰйͿ ϭ͘ϴϵ ;ϰ͘ϭϱйͿ
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&ŝŐ͘ථϯ͘ϭ͘ Average values (± 95% confidence interval) for the parameters  
characterizing light conditions in sample plots

0
2
4
6
8

10
12
14
16
18
20

9DLQDJX�NOƗMD
L]URERMXPV��
Gap fraction

9DLQDJX�NOƗMD
DWYƝUXPV��
2SHQQHVV

7LHãƗ�JDLVPD��
Direct radiation

.RSƝMƗ�JDLVPD��
Total radiation

Īp
at

sv
ar

s,
 %

 ��
Pr

op
or

tio
n,

 %



/Ŷ  ŽƉĞŶ  ĂƌĞĂƐ  ;ĂŌĞƌ  ƚŚĞ  ĐůĞĂƌĐƵƚͿ  ĂǀĞƌĂŐĞ  ĚĞŶƐŝƚǇ  ŽĨ  ďĞĞĐŚ  ƐĞĞĚůŝŶŐƐ ǁĂƐ 
ϮϱϮϬථцϳϮϬ  ƉĞƌ  ŚĞĐƚĂƌĞ  ;ƌĂŶŐŝŶŐ  ĨƌŽŵ  ϰϬϬ  ƚŽ  ϭϭථϮϬϬ  ƐĞĞĚůŝŶŐƐ  ŚĂͲϭͿ͘  WĞĂƌƐŽŶ  
ĐŽƌƌĞůĂƟŽŶ  ĂŶĂůǇƐŝƐ  ƐŚŽǁĞĚ  ƐŝŐŶŝĮĐĂŶƚ  ;pථфථϬ͘ϬϱͿ  ŶĞŐĂƟǀĞ  ĐŽƌƌĞůĂƟŽŶ  ďĞƚǁĞĞŶ  
ƚŚĞ  ĚĞŶƐŝƚǇ  ŽĨ  ďĞĞĐŚ  ƐĞĞĚůŝŶŐƐ  ĂŶĚ  ĚĞŶƐŝƚǇ  ŽĨ  ŽƚŚĞƌ  ƐƉĞĐŝĞƐ  ŝŶ  ƌĞŐĞŶĞƌĂƟŽŶ  
;rථсථͲϬ͘ϯϮͿ͕  ƉƌŽũĞĐƟǀĞ  ĐŽǀĞƌ  ŽĨ  ŵŽƐƐĞƐ  ;rථсථͲϬ͘ϯϭͿ  ĂŶĚ  ĚŝƐƚĂŶĐĞ  ƚŽ  ƚŚĞ  ĨŽƌĞƐƚ  
ĞĚŐĞ  ;rථсථͲϬ͘ϯϴͿ  ;&ŝŐ͘ථϯ͘Ϯ͘Ϳ͘  �ŝƐƚĂŶĐĞ  ƚŽ  ĨŽƌĞƐƚ  ĞĚŐĞ  ǁĂƐ  ĂŶ  ŝŶĚŝĐĂƚŽƌ  ŽŶůǇ  ŽĨ  ƚŚĞ  
ƉŽƚĞŶƟĂů  ĂďƵŶĚĂŶĐĞ  ŽĨ  ƐĞĞĚƐ͕  ƐŝŶĐĞ  ƌĞůŝĞĨ  ŝŶ  ƚŚĞ  ƐŝƚĞƐ  ǁĂƐ  ŇĂƚ  ĂŶĚ  ƚŚĞƌĞ  ǁĞƌĞ 
ŶŽ ƚƌĞŶĚƐ ŝŶ �ůůĞŶďĞƌŐ Ɛ͛ ǀĂůƵĞƐ ŽĨ ŚĞƌďƐ ĚĞƉĞŶĚŝŶŐ ŽŶ ĚŝƐƚĂŶĐĞ ĨƌŽŵ ĨŽƌĞƐƚ ĞĚŐĞ͘ 
�ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ƌĞŐĞŶĞƌĂƟŽŶ  ŝŶ  ŽƉĞŶ  ĂƌĞĂ  ;ĐůĞĂƌĐƵƚͿ  ǁĂƐ  ƐƵĐĐĞƐƐĨƵů  ;Ăƚ  ůĞĂƐƚ  
ϭϱϬϬ  ƐĞĞĚůŝŶŐƐ  ŚĂͲϭͿ͕  ŝĨ  ƐĞĞĚ  ƐŽƵƌĐĞ ǁĂƐ  ĐůŽƐĞ  ĞŶŽƵŐŚ  ;ĚŝƐƚĂŶĐĞ  ŶŽƚ  ďŝŐŐĞƌ  ƚŚĂŶ 
ϱϬථŵͿ͘
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&ŝŐ͘ථϯ͘Ϯ͘ Factors affecting density and height of beech
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DƵůƟƉůĞ  ůŝŶĞĂƌ  ƌĞŐƌĞƐƐŝŽŶ  ;ŝŶĐůƵĚŝŶŐ Ăůů  ƚƌĂŝƚƐ ĂŶĚ  ƚŚĞŶ ŐƌĂĚƵĂůůǇ ĞǆĐůƵĚŝŶŐ  
ƚŚĞ ŶŽŶͲƐŝŐŶŝĮĐĂŶƚ ŽŶĞƐͿ  ŝŶĚŝĐĂƚĞĚ͕ ƚŚĂƚ ĚĞŶƐŝƚǇ ĂŶĚ ŚĞŝŐŚƚ ŽĨ ƐĞĞĚůŝŶŐƐ ŽĨ ŽƚŚĞƌ  
ƚƌĞĞ  ƐƉĞĐŝĞƐ  ĂŶĚ  ĚŝƐƚĂŶĐĞ  ĨƌŽŵ  ƚŚĞ  ĨŽƌĞƐƚ  ĞĚŐĞ  ƐŝŐŶŝĮĐĂŶƚůǇ  ;pථфථϬ͘ϬϱͿ  ĂīĞĐƚƐ  
ĚĞŶƐŝƚǇ ŽĨ ďĞĞĐŚ ƐĞĞĚůŝŶŐƐ ;RϮථсථϬ͘ϯϰͿ͘ 

�ĞŶƐŝƚǇ ĂŶĚ ŵĞĂŶ ŚĞŝŐŚƚ ŽĨ ďĞĞĐŚ ƐĞĞĚůŝŶŐƐ ĚŝĚ ŶŽƚ ĐŽƌƌĞůĂƚĞ ƐŝŐŶŝĮĐĂŶƚůǇ 
;pථсථϬ͘ϵϮͿ͕ ƚŚƵƐ ďŽƚŚ ƚƌĂŝƚƐ ǁĞƌĞ ĂƐƐĞƐƐĞĚ ƐĞƉĂƌĂƚĞůǇ͘ �ĞŶƐŝƚǇ ŽĨ ƌĞŐĞŶĞƌĂƟŽŶ ǁĂƐ  
ƐŝŵŝůĂƌ  ;ŶŽ  ƐŝŐŶŝĮĐĂŶƚ ĚŝīĞƌĞŶĐĞƐ  ĨŽƵŶĚ͕ pථсථϬ͘ϯϬͿ  ŝŶ Ăůů  ĐůĞĂƌĐƵƚ ĂƌĞĂƐ͕ ďƵƚ  ƚŚĞƌĞ 
ǁĞƌĞ ƐŝŐŶŝĮĐĂŶƚ ĚŝīĞƌĞŶĐĞƐ ŽĨ ŚĞŝŐŚƚ ŽĨ ďĞĞĐŚ ƐĞĞĚůŝŶŐƐ ;pථфථϬ͘ϬϬϭͿ͘

�ǀĞƌĂŐĞ ŚĞŝŐŚƚ ŽĨ ďĞĞĐŚ ƐĞĞĚůŝŶŐƐ ǁĂƐ ϮϬϭථцϮϱ͘ϴථĐŵ ĂŶĚ  ŝƚ ŚĂĚ ƐŝŐŶŝĮĐĂŶƚ 
;pථфථϬ͘ϬϭͿ  ŶĞŐĂƟǀĞ  ĐŽƌƌĞůĂƟŽŶ  ǁŝƚŚ  ĚĞŶƐŝƚǇ  ŽĨ  ƐĞĞĚůŝŶŐƐ  ŽĨ  ŽƚŚĞƌ  ƚƌĞĞ  ƐƉĞĐŝĞƐ 



;rථсථͲϬ͘ϰϮͿ  ĂŶĚ  ƐŝŐŶŝĮĐĂŶƚ  ƉŽƐŝƟǀĞ  ĐŽƌƌĞůĂƟŽŶ  ǁŝƚŚ  ŚĞŝŐŚƚ  ŽĨ  ƐĞĞĚůŝŶŐƐ  ŽĨ  ŽƚŚĞƌ 
ƚƌĞĞ  ƐƉĞĐŝĞƐ  ;rථсථϬ͘ϱϳͿ͘ DƵůƟƉůĞ  ůŝŶĞĂƌ  ƌĞŐƌĞƐƐŝŽŶ  ƌĞƐƵůƚƐ  ĚĞŵŽŶƐƚƌĂƚĞĚ  ƚŚĂƚ  ŽŶůǇ 
ƐŝƚĞ  ;ƐƉĞĐŝĮĐ ĐůĞĂƌĐƵƚͿ ŚĂĚ ƐŝŐŶŝĮĐĂŶƚ  ŝŶŇƵĞŶĐĞ ŽŶ ŚĞŝŐŚƚ ŽĨ ďĞĞĐŚ ƐĞĞĚůŝŶŐƐ  ;ĨŽƌ 
ŽƚŚĞƌ  ƚƌĂŝƚƐ  pථхථϬ͘ϮϯͿ͘  dŚĞƌĞĨŽƌĞ  ĞĂĐŚ  ĐůĞĂƌĐƵƚ  ǁĂƐ  ĂŶĂůǇǌĞĚ  ƐĞƉĂƌĂƚĞůǇ͘  KŶůǇ  ŝŶ 
ŽŶĞ  ĐůĞĂƌĐƵƚ  ĂƌĞĂ ŵƵůƟƉůĞ  ƌĞŐƌĞƐƐŝŽŶ ŵŽĚĞů ǁĂƐ  ƐŝŐŶŝĮĐĂŶƚ  ĂŶĚ͕  ĂŌĞƌ  ŐƌĂĚƵĂůůǇ  
ĞǆĐůƵĚŝŶŐ  ŶŽŶͲƐŝŐŶŝĮĐĂŶƚ  ĨĂĐƚŽƌƐ͕  ŝŶŇƵĞŶĐĞ  ŽĨ  ĚĞŶƐŝƚǇ  ŽĨ  ƐĞĞĚůŝŶŐƐ  ŽĨ  ŽƚŚĞƌ  ƚƌĞĞ  
ƐƉĞĐŝĞƐ  ĂŶĚ  ŚĞŝŐŚƚ  ŽĨ  ƐĞĞĚůŝŶŐƐ  ŽĨ  ŽƚŚĞƌ  ƚƌĞĞƐ  ƐƉĞĐŝĞƐ  ǁĂƐ  ĐŽŶĮƌŵĞĚ  ;ŵŽĚĞů 
RϮථсථϬ͘ϱϳͿ͘ 

'ĞŶĞƟĐ  ĂŶĂůǇƐŝƐ  ŽĨ  ƵŶĚĞŐƌŽǁƚŚ  ƌĞǀĞĂů͕  ƚŚĂƚ  ŝŶ  ƐƚĂŶĚ  ŝŶ  ƚŚĞ  dĂůƐŝ  ĚŝƐƚƌŝĐƚ  
ϱϯй  ƐĂŵƉůĞĚ  ƐĞĞĚůŝŶŐƐ  ĐŽƵůĚ ďĞ ĂƐƐŝŐŶĞĚ  ƚŽ  Ăƚ  ůĞĂƐƚ ŽŶĞ ƉĂƌĞŶƚ  ;pථфථϬ͘ϬϱͿ  ĨƌŽŵ  
ƚŚĞ  ƐĂŵĞ  ƐĂŵƉůĞ  ƉůŽƚ͕  ǁŚŝůĞ  ŝŶ  ƚŚĞ  ƐƚĂŶĚ  ŝŶ  WƌŝĞŬƵůĞ  ĚŝƐƚƌŝĐƚ  ĐŽƌƌĞƐƉŽŶĚŝŶŐ  
ĮŐƵƌĞ ǁĂƐ  ϰϮй͘ DŽƐƚůǇ  ŽŶĞ  ŽīƐƉƌŝŶŐ  ƉĞƌ  ƉĂƌĞŶƚ  ƚƌĞĞ ǁĂƐ  ĨŽƵŶĚ  ŝŶ  ƚŚĞ  ƐĂŵƉůĞ 
ƉůŽƚ  ;&ŝŐ͘ථϯ͘ϯ͘Ϳ͘  /Ŷ  ďŽƚŚ  ƐƚĂŶĚƐ  ĚŽŵŝŶĂŶĐĞ  ŽĨ  Ă  ƐŝŶŐůĞ  ƉĂƌĞŶƚͲƚƌĞĞ  ǁĂƐ  ŶŽƚĞĚ  ʹ  
ŝŶ  dĂůƐŝ  ĚŝƐƚƌŝĐƚ  ŽŶĞ  ƉĂƌĞŶƚ  ƚƌĞĞ  ŚĂĚ  ϭϯ  ŽīƐƉƌŝŶŐƐ͕  ŝŶ  WƌŝĞŬƵůĞ  ĚŝƐƚƌŝĐƚ  ʹ  
ϭϭ ŽīƐƉƌŝŶŐƐ͘ 
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7DOVX�QRYDGD�DXG]H���7DOVL�VWDQG
3ULHNXOHV�QRYDGD�DXG]H���3ULHNXOH�VWDQG

dŚĞ  ŐĞŶĞƟĐ  ĚŝǀĞƌƐŝƚǇ  ǁĂƐ  ŶŽƚ  ƐŝŐŶŝĮĐĂŶƚůǇ  ĚŝīĞƌĞŶƚ  ďĞƚǁĞĞŶ  ƐƚĂŶĚƐ  ĂŶĚ 
ŐĞŶĞƌĂƟŽŶƐ͘  tŚŝůĞ  ƚŚĞ  ŽƌŝŐŝŶ  ŽĨ  ƚŚĞ  ƌĞƉƌŽĚƵĐƟǀĞ  ŵĂƚĞƌŝĂů͕  ƵƐĞĚ  ƚŽ  ĞƐƚĂďůŝƐŚ  
ƚŚĞƐĞ  ƐƚĂŶĚƐ  ŝƐ  ŶŽƚ  ŬŶŽǁŶ͕  ŬŝŶƐŚŝƉ  ĂŶĚ  ƉĂŝƌǁŝƐĞ  ƌĞůĂƚĞĚŶĞƐƐ  ĂŶĂůǇƐŝƐ  ŝŶĚŝĐĂƚĞĚ  
Ă  ŚŝŐŚĞƌ  ĚĞŐƌĞĞ  ŽĨ  ƌĞůĂƚĞĚŶĞƐƐ  ďĞƚǁĞĞŶ  ƚŚĞ  ƉĂƌĞŶƚĂů  ƚƌĞĞƐ  ƐĂŵƉůĞĚ  ĨƌŽŵ  ƚŚĞ 
WƌŝĞŬƵůĞ  ĚŝƐƚƌŝĐƚ  ƐƚĂŶĚ  ;dĂď͘ථϯ͘Ϯ͘Ϳ͘  dŚĞƌĞ  ǁĂƐ  ŶŽ  ƌĞĚƵĐƟŽŶ  ŽĨ  ŐĞŶĞƟĐ  ĚŝǀĞƌƐŝƚǇ  
ŝŶ ƚŚĞ ŽīƐƉƌŝŶŐ ŐĞŶĞƌĂƟŽŶ͘ 



dĂďůĞථϯ͘Ϯ͘
Mean values of genetic diversity parameters (±standart error)

WŽƉƵůĂƟŽŶ
WƌŝĞŬƵůĞ 
ĚŝƐƚƌŝĐƚ 
ƉĂƌĞŶƚƐ

WƌŝĞŬƵůĞ 
ĚŝƐƚƌŝĐƚ 

ŽīƐƉƌŝŶŐƐ

dĂůƐŝ 
ĚŝƐƚƌŝĐƚ 
ƉĂƌĞŶƚƐ

dĂůƐŝ 
ĚŝƐƚƌŝĐƚ 

ŽīƐƉƌŝŶŐƐ
EƵŵďĞƌ ŽĨ ĂůůĞůĞƐ ϰ͘ϰථцϬ͘Ϯϲ ϰ͘ϵථцϬ͘ϯϳ ϵ͘ϲථцϭ͘Ϭϭ ϴ͘ϲථцϬ͘ϴϴ
EƵŵďĞƌ ŽĨ ĂůůĞůĞƐ  
ǁŝƚŚ ĨƌĞƋƵĞŶĐǇ шථϱй ϯ͘ϲථцϬ͘ϮϮ ϯ͘ϱථцϬ͘ϮϮ ϰ͘ϰථцϬ͘ϯϲ ϰ͘ϴථцϬ͘ϰϭ

EƵŵďĞƌ ŽĨ ĞīĞĐƟǀĞ ĂůůĞůĞƐ ϯ͘ϬථцϬ͘ϭϵ Ϯ͘ϲථцϬ͘ϭϵ ϰ͘ϮථцϬ͘ϰϱ ϰ͘ϯථцϬ͘ϰϮ
^ŚĂŶŶŽŶ Ɛ͛ /ŶĨŽƌŵĂƟŽŶ /ŶĚĞǆ ϭ͘ϮථцϬ͘Ϭϲ ϭ͘ϭථцϬ͘Ϭϲ ϭ͘ϲථцϬ͘ϭϭ ϭ͘ϲථцϬ͘ϭϬ
�ǆƉĞĐƚĞĚ ŚĞƚĞƌŽǌǇŐŽƐŝƚǇ Ϭ͘ϲථцϬ͘Ϭϯ Ϭ͘ϲථцϬ͘Ϭϯ Ϭ͘ϳථцϬ͘Ϭϯ Ϭ͘ϳථцϬ͘Ϭϯ

3.2. Survival and growth of European beech second generation stands  
in central part of Latvia

^ƵƌǀŝǀĂů  ŽĨ  ďĞĞĐŚ  ĂŶĚ  ƐƉƌƵĐĞ  ƚǁĞůǀĞ  ǇĞĂƌƐ  ĂŌĞƌ  ƉůĂŶƟŶŐ  ŽĨ  ŵŝǆĞĚ  ƐƚĂŶĚ  
ǁĂƐ  ŚŝŐŚ  ĂŶĚ  ƐŝŵŝůĂƌ͗  ϳϯй  ĂŶĚ  ϳϴй͕  ƌĞƐƉĞĐƟǀĞůǇ͘  dŚĞ  ŚĞŝŐŚƚ  ĂŶĚ  ĚŝĂŵĞƚĞƌ  Ăƚ  
ďƌĞĂƐƚ  ŚĞŝŐŚƚ  ŽĨ  ďĞĞĐŚ  ǁĂƐ  ƐŝŐŶŝĮĐĂŶƚůǇ  ůĂƌŐĞƌ  ƚŚĂŶ  ƚŚĂƚ  ŽĨ  ƐƉƌƵĐĞ  ;ŚĞŝŐŚƚ  
ϳ͘ϰථцϬ͘ϯϬථŵ  ĂŶĚ  ϯ͘ϭථцϬ͘ϯϬථŵ͕  ƌĞƐƉĞĐƟǀĞůǇ͕   ĂŶĚ  ĚŝĂŵĞƚĞƌ  ϴ͘ϵථцϬ͘ϲϴථĐŵ  ĂŶĚ 
ϯ͘ϬථцϬ͘ϰϭථĐŵ͕  ƌĞƐƉĞĐƟǀĞůǇͿ͘  �ŶŶƵĂů  ƌĂĚŝĂů  ŝŶĐƌĞŵĞŶƚ  ŽĨ  ďĞĞĐŚ  ŶŽƚĂďůǇ  ĂŶĚ  
ƐŝŐŶŝĮĐĂŶƚůǇ  ĞǆĐĞĞĚĞĚ  ĂŶŶƵĂů  ƌĂĚŝĂů  ŝŶĐƌĞŵĞŶƚ  ŽĨ  ƐƉƌƵĐĞ  ;&ŝŐ͘ථϯ͘ϰ͘Ϳ͕  ĚŝīĞƌĞŶĐĞƐ  
ďĞƚǁĞĞŶ  ďŽƚŚ  ƐƉĞĐŝĞƐ  ǁĞƌĞ  ŝŶĐƌĞĂƐŝŶŐ  ǁŝƚŚ  ĂŐĞ͘  dŚŝƐ  ƚƌĞŶĚ  ǁĂƐ  ĐůĞĂƌůǇ  ůŝŶŬĞĚ  
ƚŽ  ŝŶĐƌĞĂƐŝŶŐ  ĐŽŵƉĞƟƟŽŶ  ďĞƚǁĞĞŶ  ƐƉĞĐŝĞƐ  ŝŶ  ƚŚĞ  ƐƚĂŶĚ͘  dŚĞ  ŵĂǆŝŵƵŵ  ƌĂĚŝƵƐ  
ŽĨ  ďĞĞĐŚ  ĐƌŽǁŶƐ  ǁĂƐ  ƐŝŵŝůĂƌ  ƚŚĂŶ  ƚŚĞ  ĚŝƐƚĂŶĐĞ  ďĞƚǁĞĞŶ  ƌŽǁƐ  ĂŶĚ  ďĞƚǁĞĞŶ  
ƚƌĞĞƐ ŝŶ ƌŽǁƐ͕ ƌĞĂĐŚŝŶŐ ŽŶ ĂǀĞƌĂŐĞ Ϯ͘ϰථцϬ͘ϭϲථŵ͘ dŚĞ ŐƌŽǁƚŚ ŽĨ ďĞĞĐŚ ǁĂƐ ŶŽƚĂďůǇ  
ĂīĞĐƚĞĚ  ďǇ  ƉŚŽƚŽƐǇŶƚŚĞƐŝƐ  ƐƵƌĨĂĐĞ͕  ĐŚĂƌĂĐƚĞƌŝǌĞĚ  ďǇ  ŵĂǆŝŵƵŵ  ƌĂĚŝƵƐ  ŽĨ 
ĐƌŽǁŶ ʹ  ŝƚ ŚĂĚ ƐƚƌŽŶŐ͕ ƐŝŐŶŝĮĐĂŶƚ ĐŽƌƌĞůĂƟŽŶ ǁŝƚŚ ŚĞŝŐŚƚ ŽĨ  ƚŚĞ ƚƌĞĞ ĂŶĚ ǁŝƚŚ  ŝƚƐ  
ĚŝĂŵĞƚĞƌ  Ăƚ  ďƌĞĂƐƚ  ŚĞŝŐŚƚ  ;rථсථϬ͘ϳϭ  ĂŶĚ  rථсථϬ͘ϴϳ͕  ƌĞƐƉĞĐƟǀĞůǇͿ͘  ZĞƐƵůƚƐ  ŝŶĚŝĐĂƚĞĚ͕  
ƚŚĂƚ  ĚƵƌŝŶŐ  ĮƌƐƚ  ǇĞĂƌƐ  ĂŌĞƌ  ƉůĂŶƟŶŐ  ďĞĞĐŚ  ŽĐĐƵƉŝĞƐ  ƚŚĞ  ƐƉĂĐĞ  ŵŽƌĞ  ĞĸĐŝĞŶƚůǇ  
ƚŚĂŶ  ƐƉƌƵĐĞ͕  ďǇ  ĚĞǀĞůŽƉŝŶŐ  ůĂƌŐĞ  ĐƌŽǁŶ  ĂŶĚ  ƵƐŝŶŐ  Ăůů  ƚŚĞ  ůŝŐŚƚ  ƌĞƐŽƵƌĐĞƐ  
ĂǀĂŝůĂďůĞ͘ 

ϯϵ



^ƵƌǀŝǀĂů  ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ϯϯ  ǇĞĂƌƐ  ĂŌĞƌ  ƉůĂŶƟŶŐ  ƵŶĚĞƌ  ĐĂŶŽƉǇ  ŝŶ  
DĂĚŽŶĂ  ĚŝƐƚƌŝĐƚ  ;ĞĂƐƚĞƌŶ  >ĂƚǀŝĂͿ ǁĂƐ  ŚŝŐŚ  ĂŶĚ  ƌĞĂĐŚĞĚ ~ϴϬй͕  ǇĞƚ  ƚŚĞ ŵŝŶŝŵƵŵ 
Ăŝƌ  ƚĞŵƉĞƌĂƚƵƌĞ  ŝŶ  ƚŚĞ  ĂƌĞĂ  ĚƵƌŝŶŐ  ƚŚŝƐ  ƉĞƌŝŽĚ  ŚĂĚ  ďĞĞŶ  ďĞůŽǁ  ͲϯϬ϶�  ;ŝŶ  ϭϵϴϯͿ͕  
ƐƵŐŐĞƐƚĞĚ ƚŽ ďĞ ůŝŵŝƟŶŐ ĨŽƌ ƚŚŝƐ ƚƌĞĞ ƐƉĞĐŝĞƐ ;&ĂŶŐ Θ >ĞĐŚŽǁŝĐǌ͖ ϮϬϬϲ͖ <ƌĂŵĞƌ et 
al͕͘  ϮϬϭϬͿ͘  ^ƵĐŚ ŚŝŐŚ  ƐƵƌǀŝǀĂů  ŽĨ ďĞĞĐŚ  ŝŶ  ĐĞŶƚƌĂů  ƉĂƌƚ ŽĨ  >ĂƚǀŝĂ ŵŝŐŚƚ ďĞ  ƌĞůĂƚĞĚ  
ŶŽƚ  ŽŶůǇ  ƚŽ  ƐŚĞůƚĞƌ  ƵŶĚĞƌ  ĐĂŶŽƉǇ͕   ďƵƚ  ĂůƐŽ  ƚŽ  ƚŚĞ  ŽƌŝŐŝŶ  ŽĨ  ƐĞĞĚƐ  ʹ  ƚŚŽƐĞ ǁĞƌĞ  
ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ ďĞĞĐŚ  ƚƌĞĞƐ  ĨƌŽŵ  ƐĞĞĚƐ  ĐŽůůĞĐƚĞĚ  ŝŶ  ďĞĞĐŚ  ƐƚĂŶĚƐ  ŝŶ ǁĞƐƚĞƌŶ  
ƉĂƌƚ  ŽĨ  >ĂƚǀŝĂ͘  ^Ž  ƚŚŽƐĞ  ďĞĞĐŚ  ŚĂĚ  ƚŽ  ĂĚĂƉƚ  ĨŽƌ  ŽŶůǇ  ƐůŝŐŚƚůǇ  ŚĂƌĚĞƌ  ĐůŝŵĂƚĞ  
ƚŚĂŶ  ƚŚĞ  ŽŶĞ  Ăƚ  ƚŚĞ  ůŽĐĂƟŽŶ  ŽĨ  ƚŚĞ  ĮƌƐƚ  ŐĞŶĞƌĂƟŽŶ  ƚƌĞĞƐ  ;zĂŬŽǀůĞǀ  
et al͕͘ ϮϬϭϭͿ͘

dƌĞĞƐ  ǁĞƌĞ  ŐĞŶĞƌĂůůǇ  ƐŵĂůů͗  ŚĞŝŐŚƚ  ŽĨ  ďĞĞĐŚ  ƌĂŶŐĞĚ  ĨƌŽŵ  Ϭ͘ϯϬ  ƚŽ  ϭϯථŵ͕  
ĚŝĂŵĞƚĞƌ  Ăƚ  ďƌĞĂƐƚ  ŚĞŝŐŚƚ  ʹ  ĨƌŽŵ  Ϭ͘Ϯ  ƚŽ  ϭϰ͘ϵථĐŵ͗ ŵŽƐƚ  ůŝŬĞůǇ  ĚƵĞ  ƚŽ  ŝŶƐƵĸĐŝĞŶƚ  
ůŝŐŚƚ  ƚŽ  ƌĞĂůŝǌĞ  ŝƚƐ  ŐƌŽǁƚŚ  ƉŽƚĞŶƟĂů͘  /Ŷ  ƚŚĞ  ƐƚĂŶĚ  ĂůƐŽ  ƐŽŵĞ  ƐĞůĨͲƌĞŐĞŶĞƌĂƟŽŶ  
ǁŝƚŚ  ƐƉƌŽƵƟŶŐ ŚĂĚ ŽĐĐƵƌƌĞĚ͕ ĂīĞĐƟŶŐ  ƚŚĞ ŵĞĂŶ  ƐŝǌĞ ŽĨ  ƚŚĞ  ƚƌĞĞƐ͘ dŚĞ ĚŝĂŵĞƚĞƌ  
ĚŝƐƚƌŝďƵƟŽŶ  ŚĂĚ  ƌĞǀĞƌƐĞ  :  ƐŚĂƉĞ  ;&ŝŐ͘ථϯ͘ϱ͘Ϳ͕  ƚŚĂƚ  ŝƐ  ƚǇƉŝĐĂůůǇ  ĨŽƌ  ƐŚĂĚĞͲƚŽůĞƌĂŶƚ  
ƐƉĞĐŝĞƐ  ŝŶ  ƐƵĐŚ  ĐŽŶĚŝƟŽŶƐ͘  ZĞƐƵůƚƐ  ĐůĞĂƌůǇ  ĚĞŵŽŶƐƚƌĂƚĞ͕  ƚŚĂƚ  ƚŚŝƐ  ƚƌĞĞ  ƐƉĞĐŝĞƐ  
ŚĂǀĞ  ĂĚĂƉƚĞĚ  ƚŽ  ƐƵƌǀŝǀĞ  ƵŶĚĞƌ  ĐĂŶŽƉǇ  ĨŽƌ  Ă  ůŽŶŐ  ƟŵĞ͕  ƵŶƟů  ƐŽŵĞ  ĚŝƐƚƵƌďĂŶĐĞ  
ǁŝůů  ŵĂŬĞ  Ă  ŐĂƉ  ŝŶ  ƚŚĞ  ĐƌŽǁŶ  ĐŽǀĞƌ  ĂŶĚ  ďĞĞĐŚ  ǁŝůů  ŚĂǀĞ  ĂŶ  ŽƉƉŽƌƚƵŶŝƚǇ  ĨŽƌ  
ĨĂƐƚĞƌ ŐƌŽǁƚŚ ;tĂŐŶĞƌ et al.͕ ϮϬϭϬͿ͘ 

ϰϬ

&ŝŐ͘ථϯ͘ϰ͘ The average annual ring width (±95% confidence interval) for  
European beech and Norway spruce
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3.3. Height increment of European beech

>ŽŶŐͲƚĞƌŵ  ŚĞŝŐŚƚ  ŝŶĐƌĞŵĞŶƚ  ĚǇŶĂŵŝĐƐ  ŽĨ  ďĞĞĐŚ  ŝŶ  ǁĞƐƚĞƌŶ  ƉĂƌƚ  ŽĨ  >ĂƚǀŝĂ  
ǁĂƐ  ďĞƐƚ  ĚĞƐĐƌŝďĞĚ͕  ƵƐŝŶŐ  �ŚĂƉŵĂŶͲZŝĐŚĂƌĚƐ  ĂŶĚ  ^ůŽďŽĚĂ  ŵŽĚĞůƐ͘  �ŽĞĸĐŝĞŶƚƐ  
ŽĨ  ƚŚĞƐĞ  ŵŽĚĞůƐ͕  ŽďƚĂŝŶĞĚ  ĨƌŽŵ  ƐĂŵƉůĞͲƚƌĞĞ  ĂŶĂůǇƐŝƐ͕  ǁŝůů  ďĞ  ƵƐĂďůĞ  ĨŽƌ  ƚŚĞ  
ŐƌŽǁƚŚ  ŵŽĚĞůůŝŶŐ  ƚŽŽů͕  ĐƌĞĂƚĞĚ  ŝŶ  >^&Z/  ^ŝůĂǀĂ͘  /ƚ  ǁĂƐ  ĨŽƵŶĚ͕  ƚŚĂƚ  �ƵƌŽƉĞĂŶ 
ďĞĞĐŚ ŝŶ ǁĞƐƚĞƌŶ ƉĂƌƚ ŽĨ >ĂƚǀŝĂ ŝƐ ĨĂƐƚĞƌ ŐƌŽǁŝŶŐ ƚŚĂŶ ŝŶ ƐŽƵƚŚĞƌŶ ƉĂƌƚ ŽĨ ^ǁĞĚĞŶ  
;ĐŽŶƐŝĚĞƌĞĚ  ƚŽ  ďĞ  ǁŝƚŚŝŶ  ŝƚƐ  ŶĂƚƵƌĂů  ĚŝƐƚƌŝďƵƟŽŶ  ƌĂŶŐĞͿ͘  ,ĞŶĐĞ  ƚŚĞ  ŐƌŽǁƚŚ  
ĐŽŶĚŝƟŽŶƐ  ŝŶ ǁĞƐƚĞƌŶ  >ĂƚǀŝĂ  ĂƌĞ  ƐƵŝƚĂďůĞ  ĨŽƌ  ƚŚŝƐ  ƚƌĞĞ  ƐƉĞĐŝĞƐ  ĂůƌĞĂĚǇ  ŝŶ  ĐƵƌƌĞŶƚ  
;ĂŶĚ ƉĂƐƚͿ ĐůŝŵĂƚĞ͘ �ĚĚŝƟŽŶĂůůǇ͕  ĂĚĂƉƚĂƟŽŶ ŚĂĚ ŽĐĐƵƌƌĞĚ ĂůƐŽ ĂƐ ƚŚĞ ŐĞŶĞƌĂƟŽŶƐ  
ŽĨ  ďĞĞĐŚ  ĐŚĂŶŐĞĚ͗  ƚŚĞ  ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  ďĞĞĐŚ  ƚƌĞĞƐ  ŚĂĚ  ůĂƌŐĞƌ  ŚĞŝŐŚƚ  
ŝŶĐƌĞŵĞŶƚ ƚŚĂŶ ƚŚĞ ĮƌƐƚ ŐĞŶĞƌĂƟŽŶ ďĞĞĐŚ ƚƌĞĞƐ ;&ŝŐ͘ථϯ͘ϲͿ͘ 

ϰϭ

&ŝŐ͘ථϯ͘ϱ͘ Proportion of beech in different diameter classes
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3.4. Influence of meteorological factors on radial growth  
of different dimension beech

/ŶƚƌĂͲƐĞĂƐŽŶĂů  ŐƌŽǁƚŚ  ĂƐƐĞƐƐŵĞŶƚ  ĚĞŵŽŶƐƚƌĂƚĞĚ͕  ƚŚĂƚ  ƚŚĞ  ŵŽƐƚ  ŝŶƚĞŶƐŝǀĞ  
ƌĂĚŝĂů ŐƌŽǁƚŚ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ ŽĐĐƵƌƌĞĚ ĨƌŽŵ ƚŚĞ ďĞŐŝŶŶŝŶŐ ŽĨ ǀĞŐĞƚĂƟŽŶ ƐĞĂƐŽŶ  
ƚŽ  ƚŚĞ  ďĞŐŝŶŶŝŶŐ  ŽĨ  :ƵůǇ͘  ZĂĚŝĂů  ŐƌŽǁƚŚ ǁĂƐ  ƐĞŶƐŝƟǀĞ  ƚŽ ǁĂƚĞƌ  ĚĞĮĐŝƚ͘  /Ŷ  ƉĞƌŝŽĚ  
ǁŝƚŚŽƵƚ  ƌĂŝŶ  ĚĞǀĞůŽƉŵĞŶƚ  ŽĨ  ƚŚĞ  ƚƌĞĞͲƌŝŶŐ  ƐƚŽƉƉĞĚ͘  �ŌĞƌ  ƉĞƌŝŽĚƐ  ǁŝƚŚ  ŶŽƚĂďůĞ  
ƉƌĞĐŝƉŝƚĂƟŽŶ͕  ƐƚĞŵ  ƌĞƐƚŽƌĞĚ  ƚŚĞ  ǁĂƚĞƌ  ƐƚŽƌĂŐĞ  ĂŶĚ  ĂŌĞƌǁĂƌĚƐ  ƌĞƐƵŵĞĚ  ƚŚĞ  
ŝŶĐƌĞŵĞŶƚ  ;&ŝŐ͘ථϯ͘ϳ͘Ϳ͘  EŽ  ůŝŵŝƚĂƟŽŶƐ  ŽĨ  ŐƌŽǁƚŚ  ƌĞůĂƚĞĚ  ƚŽ  ƚĞŵƉĞƌĂƚƵƌĞ  ĚƵƌŝŶŐ  
ǀĞŐĞƚĂƟŽŶ  ƐĞĂƐŽŶ  ǁĞƌĞ  ĨŽƵŶĚ͘  KǀĞƌĂůů͕  ƚŚĞ  ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  ďĞĞĐŚ  ƚƌĞĞ  ŚĂĚ  
ŶŽƚĂďůǇ  ŚŝŐŚĞƌ  ƌĞůĂƟǀĞ  ƌĂĚŝĂů  ŝŶĐƌĞŵĞŶƚ  ĚƵƌŝŶŐ  ƚŚĞ  ǀĞŐĞƚĂƟŽŶ  ƐĞĂƐŽŶ  ƚŚĂŶ  ƚŚĞ  
ĮƌƐƚ  ŐĞŶĞƌĂƟŽŶ  ďĞĞĐŚ  ƚƌĞĞ  ;Ϭ͘ϵϯй  ĂŶĚ  Ϭ͘ϯϴй  ĨƌŽŵ  ĚŝĂŵĞƚĞƌ  Ăƚ  ďƌĞĂƐƚ  ŚĞŝŐŚƚ͕  
ƌĞƐƉĞĐƟǀĞůǇͿ͘ 

/ŶƚĞƌͲƐĞĂƐŽŶĂů  ĂŶĂůǇƐŝƐ  ŽĨ  ƌĂĚŝĂů  ŝŶĐƌĞŵĞŶƚ  ĂůƐŽ  ĚĞŵŽŶƐƚƌĂƚĞĚ  Ă  ĐůĞĂƌ  
ĚŝīĞƌĞŶĐĞ  ďĞƚǁĞĞŶ  ŐĞŶĞƌĂƟŽŶƐ  ŽĨ  ďĞĞĐŚ  ĂŌĞƌ  ŝŶƚƌŽĚƵĐƟŽŶ  ŝŶ  >ĂƚǀŝĂ͘  dŚĞ  ĮƌƐƚ  
ŐĞŶĞƌĂƟŽŶ  ďĞĞĐŚ  ƚƌĞĞƐ  ǁĞƌĞ  ŵŽƌĞ  ƐĞŶƐŝƟǀĞ  ƚŽ  ŵĞƚĞŽƌŽůŽŐŝĐĂů  ĐŽŶĚŝƟŽŶƐ  ƚŚĂŶ  
ƚŚĞ ƐĞĐŽŶĚ ŐĞŶĞƌĂƟŽŶ ďĞĞĐŚ ƚƌĞĞƐ ;&ŝŐ͘ථϯ͘ϴ͘Ϳ͘ 

ϰϮ

&ŝŐ͘ථϯ͘ϲ͘ The non-linear dominant height model (black lines, Southern Sweden, 
Carbonnier, 1971) fitted to the observed data (grey lines, each line represents 

single tree)



ϰϯ

&ŝŐ͘ථϯ͘ϳ͘ Changes in total stem circumference (P) for first generation beech  
in June and precipitation in the same period

 

�

�

�

�

�

�

�

�

�

�

��

1
RN
ULã
ņL
���
���
���
���
���
���
���
���
���
���
���

   
   

   
   

   
   

   
   

   
   

   
   

   
/ P

re
ci

pi
ta

tio
n,

 m
m

   
   

   
   

   
 

���
���
���
���
���
��6
WX
P
EU
D�
3�
L]
P
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���

   
   

   
   

   
   

   
   

   
   

  /
 S

te
m

 C
IR

C
 V

AR
, m

m
   

   
  

6WXPEUD�3 �L]P����
1RNULãņL���
                               Stem CIRC VAR
                    Precipitation

���

���

���

���

���

���

���

���

���

���

���

� � �� �� �� �� ��

-ūQLMV�����������           / June

&ŝŐ͘ථϯ͘ϴ͘ Pearson correlation coefficients (r) calculated between the residual  
chronologies of tree-ring width of beech of different age/generation and  

climatic (meteorological) factors: monthly mean temperature (T),  
precipitation (P) and standardized precipitation-evapotranspiration  

index (SPEI) for the common interval 1972–2015
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dŚĞ ĚŽŵŝŶĂŶƚ ďĞĞĐŚ ƚƌĞĞƐ ŽĨ  ƚŚĞ ĮƌƐƚ ŐĞŶĞƌĂƟŽŶ ǁĞƌĞ ĞƐƉĞĐŝĂůůǇ ƐĞŶƐŝƟǀĞ  
ƚŽ  ƚŚĞ  ƐƵŵ  ŽĨ  ƉƌĞĐŝƉŝƚĂƟŽŶ  ŝŶ  :ƵŶĞ͕  ĐŚĂƌĂĐƚĞƌŝǌŝŶŐ  ǁĂƚĞƌ  ĚĞĮĐŝƚ  ŝŶ  ƐƵŵŵĞƌ͘   
^ƵƉƉƌĞƐƐĞĚ ƚƌĞĞƐ ŽĨ ƚŚĞ ĮƌƐƚ ŐĞŶĞƌĂƟŽŶ ǁĞƌĞ ŵŽƐƚůǇ ƐĞŶƐŝƟǀĞ ƚŽ Ăŝƌ ƚĞŵƉĞƌĂƚƵƌĞ  
ĚƵƌŝŶŐ  ǁŝŶƚĞƌ  ƉĞƌŝŽĚ͘  dƌĞĞƐ  ŽĨ  ƚŚĞ  ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  ǁĞƌĞ  ůĞƐƐ  ĂīĞĐƚĞĚ  ďǇ  Ăŝƌ  
ƚĞŵƉĞƌĂƚƵƌĞ ĚƵƌŝŶŐ ǁŝŶƚĞƌ ƉĞƌŝŽĚ͕  ŝŶĚŝĐĂƟŶŐ ƐƵĐĐĞƐƐĨƵů ĂĚĂƉƚĂƟŽŶ  ƚŽ ĐŽŶĚŝƟŽŶƐ  
ŝŶ >ĂƚǀŝĂ͘ �ŽƚŚ ĂŶŶƵĂů ĂŶĚ ƐĞĂƐŽŶĂů ŐƌŽǁƚŚ ĚǇŶĂŵŝĐ ƐƵŐŐĞƐƚĞĚ ƚŚĂƚ ĨĂƐƚĞƌ ŐƌŽǁŝŶŐ  
ƚƌĞĞƐ  ŽĨ  ƚŚĞ  ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  ŚĂĚ  ƐƚƌŽŶŐĞƌ  ĐŽƌƌĞůĂƟŽŶ  ďĞƚǁĞĞŶ  ƚŚĞ  ƌĂĚŝĂů  
ŝŶĐƌĞŵĞŶƚ ĂŶĚ ǁĂƚĞƌ ĂǀĂŝůĂďŝůŝƚǇ͘

>ŽŶŐ  ŝŶĐƌĞŵĞŶƚ  ĐŚƌŽŶŽůŽŐŝĞƐ  ĨƌŽŵ  ďĞĞĐŚ  ƚƌĞĞƐ  ŝŶ  ǁĞƐƚĞƌŶ  ƉĂƌƚ  ŽĨ  >ĂƚǀŝĂ  
ĚŝĚ  ŶŽƚ  ĐŽŶƚĂŝŶ  ĞǆƚƌĞŵĞůǇ  ŶĂƌƌŽǁ  Žƌ  ŵŝƐƐŝŶŐ  ƚƌĞĞͲƌŝŶŐƐ͕  ŝŶĚŝĐĂƟŶŐ  Ă  ƐƵŝƚĂďŝůŝƚǇ  
ŽĨ ƚŚĞ ŐƌŽǁŝŶŐ ĐŽŶĚŝƟŽŶƐ ŝŶ >ĂƚǀŝĂ ĨŽƌ ƚŚŝƐ ƚƌĞĞ ƐƉĞĐŝĞƐ͘

ϰϰ



CONCLUSIONS

ϭ͘  �ĚĂƉƚĂƟŽŶ  ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ŝŶ  >ĂƚǀŝĂ  ŚĂƐ  ďĞĞŶ  ƐƵĐĐĞƐƐĨƵů͗  ŐĞŶĞƟĐ  
ĚŝǀĞƌƐŝƚǇ ŽĨ ŝƚƐ ƐĞĐŽŶĚ ŐĞŶĞƌĂƟŽŶ ŝŶ ŽƵƌ ĐŽƵŶƚƌǇ ŝƐ ŶŽƚ ƌĞĚƵĐĞĚ͕ ďƵƚ ŚĞŝŐŚƚ  
ŝŶĐƌĞŵĞŶƚ  ŝƐ  ůĂƌŐĞƌ  ŝŶ  ĐŽŵƉĂƌŝƐŽŶ  ƚŽ  ƚŚĞ  ĮƌƐƚ  ŐĞŶĞƌĂƟŽŶ͘  ^ƵƌǀŝǀĂů  ŽĨ  ƚŚĞ  
ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  ďĞĞĐŚ  ƚƌĞĞƐ  ƵŶĚĞƌ  ĐĂŶŽƉǇ  ŝƐ  ǀĞƌǇ  ŚŝŐŚ  ;хϴϬйͿ  ĂůƐŽ  ŝŶ  
ƚŚĞ ĐĞŶƚƌĂů ƉĂƌƚ ŽĨ >ĂƚǀŝĂ͘ 

Ϯ͘  ZĞŐĞŶĞƌĂƟŽŶ  ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ŝƐ  ƐƵĐĐĞƐƐĨƵů  ŝŶ  ǁĞƐƚĞƌŶ  ƉĂƌƚ  ŽĨ  >ĂƚǀŝĂ  
ďŽƚŚ  ŝŶ  ŽƉĞŶ  ĂƌĞĂ  ;ĐůĞĂƌĐƵƚͿ  ƵƉ  ƚŽ  ϱϬථŵ  ĨƌŽŵ  ĞĚŐĞ  ŽĨ  ŵĂƚƵƌĞ  ƐƚĂŶĚ  ĂŶĚ  
ƵŶĚĞƌ ĐĂŶŽƉǇ͕  ĞǀĞŶ ŝŶ ůŝŐŚƚ ĐŽŶĚŝƟŽŶƐ ƚŚĂƚ ĂƌĞ ŶŽƚ ƐƵŝƚĂďůĞ ĨŽƌ ƌĞŐĞŶĞƌĂƟŽŶ  
ŽĨ  ŽƚŚĞƌ  ƚƌĞĞ  ƐƉĞĐŝĞƐ͘  dŚĞ  ĂǀĞƌĂŐĞ  ŚĞŝŐŚƚ  ŽĨ  ǇŽƵŶŐ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ƚƌĞĞƐ  
ƵŶĚĞƌ ƚŚĞ ĐĂŶŽƉǇ ƐŝŐŶŝĮĐĂŶƚůǇ ĐŽƌƌĞůĂƚĞƐ ǁŝƚŚ ůŝŐŚƚ ĐŽŶĚŝƟŽŶƐ͘ 

ϯ͘  'ƌŽǁƚŚ ŵŽĚĞůƐ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ͕ ĚĞǀĞůŽƉĞĚ ĂƐ ƉĂƌƚ ŽĨ  ƚŚŝƐ  ƚŚĞƐŝƐ ǁŽƌŬ͕ 
ĂŶĚ  ĚĂƚĂ  ĨƌŽŵ  ƐĂŵƉůĞ  ƉůŽƚƐ  ŝŶ  ĨŽƌĞƐƚ  ƐƚĂŶĚƐ͕  ŝŶĚŝĐĂƚĞ  ƚŚĂƚ  ŝŶĐƌĞŵĞŶƚ  ŽĨ 
ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  ŽĨ  ƚŚŝƐ  ƚƌĞĞ  ƐƉĞĐŝĞƐ  ŝŶ  >ĂƚǀŝĂ  ŝƐ  ŚŝŐŚĞƌ  ƚŚĂŶ  ƚŚĂƚ  ŝŶ  
ƐŽƵƚŚĞƌŶ  ^ǁĞĚĞŶ  ĂŶĚ͕  ŝŶ  ƐĞǀĞƌĂů  ƉůĂŶƚĂƟŽŶƐ  ŝŶ  ǇŽƵŶŐ  ĂŐĞ  ʹ  ĂůƐŽ  ŚŝŐŚĞƌ  
ƚŚĂŶ  ƚŚĂƚ  ŽĨ  EŽƌǁĂǇ  ƐƉƌƵĐĞ͕  ƐƵŐŐĞƐƟŶŐ  ƐƚƌŽŶŐ  ƉŽƚĞŶƟĂů  ƚŽ  ĞƐƚĂďůŝƐŚ  
ŚŝŐŚůǇ ƉƌŽĚƵĐƟǀĞ �ƵƌŽƉĞĂŶ ďĞĞĐŚ ƐƚĂŶĚƐ͘ 

ϰ͘  dŚĞ  ƐƚƵĚŝĞĚ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ĨƌŽŵ  ǁĞƐƚĞƌŶ  ƉĂƌƚ  ŽĨ  >ĂƚǀŝĂ  ĚŽ  ŶŽƚ  ŚĂǀĞ  
ǀĞƌǇ  ŶĂƌƌŽǁ  ƚƌĞĞͲƌŝŶŐƐ͕  ŝŶĚŝĐĂƟŶŐ  ƐƵŝƚĂďŝůŝƚǇ  ŽĨ  ĐƵƌƌĞŶƚ  ŐƌŽǁŝŶŐ  ĐŽŶĚŝƟŽŶƐ 
ĨŽƌ  ƚŚŝƐ  ƚƌĞĞ  ƐƉĞĐŝĞƐ͘  ^ĞŶƐŝƟǀŝƚǇ  ƚŽ  ĐůŝŵĂƟĐ  ĐŽŶĚŝƟŽŶƐ  ;ĞƐƉĞĐŝĂůůǇ  ƚŽ  Ăŝƌ  
ƚĞŵƉĞƌĂƚƵƌĞ  ĚƵƌŝŶŐ  ǁŝŶƚĞƌ  ƉĞƌŝŽĚͿ  ǁĂƐ  ĚŝīĞƌĞŶƚ  ĨŽƌ  ƚŚĞ  ĮƌƐƚ  ĂŶĚ  ƚŚĞ  
ƐĞĐŽŶĚ  ŐĞŶĞƌĂƟŽŶ  ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ͕  ƐƵŐŐĞƐƟŶŐ  Ă  ƉŽƐŝƟǀĞ  ĞīĞĐƚ  ŽĨ  
ŶĂƚƵƌĂů ĂŶĚ ŚƵŵĂŶͲŵĂĚĞ ƐĞůĞĐƟŽŶ ŽŶ ĂĚĂƉƚĂƟŽŶ͘ 

ϱ͘  tŝĚƚŚ ŽĨ  ĂŶŶƵĂů  ƌŝŶŐƐ  ĨŽƌ  �ƵƌŽƉĞĂŶ ďĞĞĐŚ  ĂƌĞ ŵĂŝŶůǇ  ĂīĞĐƚĞĚ ďǇ  ĐůŝŵĂƟĐ 
ĨĂĐƚŽƌƐ ƌĞůĂƚĞĚ ƚŽ ǁĂƚĞƌ ĚĞĮĐŝƚ ;ƚĞŵƉĞƌĂƚƵƌĞ͕ ƉƌĞĐŝƉŝƚĂƟŽŶͿ ĚƵƌŝŶŐ ƐƵŵŵĞƌ  
ĂŶĚ  ďĞŐŝŶŶŝŶŐ  ŽĨ  ĂƵƚƵŵŶ͘  /ƚ  ĐĂƵƐĞƐ  ƌĞĚƵĐƟŽŶ  Žƌ  ĞǀĞŶ  ďƌŝĞŇǇ  ƐƚŽƉƐ  ƌĂĚŝĂů  
ŝŶĐƌĞŵĞŶƚ  ƵŶƟů  Ă  ĐŽŵƉůĞƚĞ  ƌĞƉůĞŶŝƐŚŵĞŶƚ  ŽĨ  ƐƚĞŵ  ǁĂƚĞƌ  ƐƚŽƌĂŐĞ͘  
�ŽŶƐŝĚĞƌŝŶŐ  ƉƌĞĚŝĐƚĞĚ  ĐůŝŵĂƚĞ  ĐŚĂŶŐĞ  ŝƚ  ŝƐ  ŝŵƉŽƌƚĂŶƚ  ƚŽ  ƉůĂŶƚ  �ƵƌŽƉĞĂŶ  
ďĞĞĐŚ ŽŶůǇ ŝŶ ĂƌĞĂƐ ǁŝƚŚ ƐƵĸĐŝĞŶƚ ƐŽŝů ŵŽŝƐƚƵƌĞ ĂǀĂŝůĂďŝůŝƚǇ͘
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RECOMMENDATIONS

WƌŽĚƵĐƟǀĞ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ƐƚĂŶĚƐ  ĐĂŶ  ďĞ  ƐƚĂďůŝƐŚĞĚ  ŝŶ  ǁĞƐƚĞƌŶ  ƉĂƌƚ  ŽĨ  
>ĂƚǀŝĂ͘  &Žƌ  ƚŚŝƐ  ƉƵƌƉŽƐĞ  ƵƐĞ  ŽĨ  ƐĞĞĚƐ  ĨƌŽŵ  ůŽĐĂů  ƐĞĞĚ  ƐŽƵƌĐĞƐ͕  ƐƉĞĐŝĮĐĂůůǇ  ʹ 
ĨƌŽŵ  ƉůƵƐͲƚƌĞĞƐ  ƐĞůĞĐƚĞĚ  ĂƐ  ƉĂƌƚ  ŽĨ  ƌĞƐĞĂƌĐŚ  ĨŽƌ  ƚŚŝƐ  ƚŚĞƐŝƐ͕  ĂƌĞ  ƌĞĐŽŵŵĞŶĚĞĚ͘  
�ƐƚĂďůŝƐŚŵĞŶƚ ŽĨ ƐĞĞĚ ŽƌĐŚĂƌĚ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ ƚŽ ƉƌŽǀŝĚĞ ƐĞĐƵƌĞ ƐĞĞĚ ƐƵƉƉůǇ  
ŝƐ ƌĞĐŽŵŵĞŶĚĞĚ͘ 

�ƐƚĂďůŝƐŚŵĞŶƚ  ŽĨ  ĐŽŵƉƌĞŚĞŶƐŝǀĞ  ƉƌŽǀĞŶĂŶĐĞ  ƚƌŝĂůƐ͕  ŝŶĐůƵĚŝŶŐ  ƌĞƉƌŽĚƵĐƟǀĞ 
ŵĂƚĞƌŝĂů  ĂůƐŽ  ĨƌŽŵ  ƚŚĞ  ƉĂƌƚƐ  ǁŝƚŚŝŶ  ĚŝƐƚƌŝďƵƟŽŶ  ƌĂŶŐĞ  ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ǁŝƚŚ  
ŚŝŐŚĞƌ ǁĂƚĞƌ ĚĞĮĐŝƚ ĚƵƌŝŶŐ ƐƵŵŵĞƌ ƉĞƌŝŽĚ͕ ƚŚĂŶ ĐƵƌƌĞŶƚůǇ ŝŶ >ĂƚǀŝĂ͕ ŝƐ ƐĞŶƐŝďůĞ͘ 

�ŽŶƟŶƵŽƵƐ  ƚĞƐƟŶŐ ŽĨ  ĂĚĂƉƚĂƟŽŶ ŽĨ  �ƵƌŽƉĞĂŶ ďĞĞĐŚ  ƚŽ  ĐůŝŵĂƚĞ  ŝŶ ĞĂƐƚĞƌŶ 
ƉĂƌƚ ŽĨ >ĂƚǀŝĂ ŝŶ ĐŽŶƚƌŽůůĞĚ ĐŽŶĚŝƟŽŶƐ ;ĨƌĞĞǌŝŶŐ ƚĞƐƚƐͿ ĂŶĚ ĞǆƉĞƌŝŵĞŶƚĂů ƉůĂŶƚĂƟŽŶƐ 
ŝƐ ƌĞĐŽŵŵĞŶĚĞĚ͘ 
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Retrieved from ŚƩƉ͗ͬͬ ƟŵďĞƌŚƵď͘ĐŽŵ͘ĂƵͬƟŵďĞƌͲĨĞĂƚƵƌĞͲĞƵƌŽƉĞĂŶͲďĞĞĐŚ͘ 

ϯ͘  �ƌƵŶŶĞƌථ�͕͘  Θ  EŝŐŚථ'͘  ;ϮϬϬϬͿ͘  >ŝŐŚƚ  ĂďƐŽƌƉƟŽŶ  ĂŶĚ  ďŽůĞ  ǀŽůƵŵĞ 
ŐƌŽǁƚŚ  ŽĨ  ŝŶĚŝǀŝĚƵĂů  �ŽƵŐůĂƐͲĮƌ  ƚƌĞĞƐ͘  dƌĞĞ  WŚǇƐŝŽůŽŐǇ͕   ϮϬ͕  ϯϮϯʹϯϯϮ͘  
ĚŽŝ͗ථϭϬ͘ϭϬϵϯͬƚƌĞĞƉŚǇƐͬϮϬ͘ϱͲϲ͘ϯϮϯ͘ 

ϰ͘  �ƌĞŝŵĂŶŝƐ͕ථ�͘  ;ϮϬϬϱͿ͘  DĞǎƐĂŝŵŶŝĞĐţďĂƐ  ǀĤƐƚƵƌŝƐŬĈ  ŵĂŶƚŽũƵŵĂ  ǌŝŶĈƚŶŝƐŬĂ  
ŝǌƉĤƚĞ  ƵŶ  ŝǌǀĤƌƚĤũƵŵƐ  aŭĤĚĞƐ  ŵĞǎƵ  ŶŽǀĂĚĈ  ʹ  ĂƚƐŬĂŝƚĞ  ^ĐŝĞŶƟĮĐ  ƌĞƐĞĂƌĐŚ 
ĂŶĚ ĂƐƐĞƐƐŵĞŶƚ ŽĨ ƐŝůǀŝĐƵůƚƵƌĂů ŚĞƌŝƚĂŐĞ ŝŶ ^ŬĞĚĞ ĨŽƌĞƐƚ ĚŝƐƚƌŝĐƚ ʹ � ƌĞƉŽƌƚ͘  
:ĞůŐĂǀĂ͕ ϴϳථůƉƉ͘ ;ŝŶ >ĂƚǀŝĂŶͿ͘

ϱ͘  �ƌĞŝŵĂŶŝƐ͕ථ�͘  ;ϮϬϬϲͿ͘  �ŝǎƐŬĈďĂƌǎƵ  ĂƵĚǎƵ  ƌĂǎţďĂ  aŭĤĚĞƐ  ŵĞǎƵ  ŶŽǀĂĚĈ  
WƌŽĚƵĐƟǀŝƚǇ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ ƐƚĂŶĚƐ ŝŶ ^ŬĞĚĞ ĨŽƌĞƐƚ ĚŝƐƚƌŝĐƚ͘ >>h ZĂŬƐƟ͕ 
ϭϲ;ϯϭϭͿ͕ ϵϳʹϭϬϬ͘ ;ŝŶ >ĂƚǀŝĂŶͿ͘

ϲ͘  �ŽďƌŽǀŽůŶǉථ>͕͘  Θ  dĞƐĂƎථs͘   ;ϮϬϭϬͿ͘  �ǆƚĞŶƚ  ĂŶĚ  ĚŝƐƚƌŝďƵƟŽŶ  ŽĨ  ďĞĞĐŚ  
;Fagus sylvatica  >͘Ϳ  ƌĞŐĞŶĞƌĂƟŽŶ  ďǇ  ĂĚƵůƚ  ƚƌĞĞƐ  ŝŶĚŝǀŝĚƵĂůůǇ  ĚŝƐƉĞƌƐĞĚ 
ŽǀĞƌ  Ă  ƐƉƌƵĐĞ  ŵŽŶŽĐƵůƚƵƌĞ͘  :ŽƵƌŶĂů  ŽĨ  &ŽƌĞƐƚ  ^ĐŝĞŶĐĞ͕  ϱϲ;ϭϮͿ͕  ϱϴϵʹϱϵϵ͘ 
ĚŽŝ͗ථϭϬ͘ϭϳϮϮϭͬϭϮͬϮϬϭϬͲ:&^͘ 

ϳ͘  &ĂŶŐථ:͕͘  Θ  >ĞĐŚŽǁŝĐǌථD͘ථ:͘  ;ϮϬϬϲͿ͘  �ůŝŵĂƟĐ  ůŝŵŝƚƐ  ĨŽƌ  ƚŚĞ  ƉƌĞƐĞŶƚ  ĚŝƐƚƌŝďƵͲ
ƟŽŶ ŽĨ ďĞĞĐŚ  ;Fagus  >͘Ϳ  ƐƉĞĐŝĞƐ  ŝŶ  ƚŚĞ ǁŽƌůĚ͘  :ŽƵƌŶĂů ŽĨ �ŝŽŐĞŽŐƌĂƉŚǇ͕  ϯϯ͕  
ϭϴϬϰʹϭϴϭϵ͘ ĚŽŝ͗ථϭϬ͘ϭϭϭϭͬũ͘ϭϯϲϱͲϮϲϵϵ͘ϮϬϬϲ͘Ϭϭϱϯϯ͘ǆ͘ 

ϴ͘  'ŝĞƐĞĐŬĞථd͘ ͕ ,ŝĐŬůĞƌථd͘ ͕  <ƵŶŬĞůථd͘ ͕ DĂƌƟŶථd͘ ͕ Θ ZŝĐŚĂƌĚථ,͘ථt͘  ;ϮϬϬϳͿ  dŽǁĂƌĚƐ 
ĂŶ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ŽĨ ƚŚĞ ŚŽůŽĐĞŶĞ ĚŝƐƟďƵƟŽŶ ŽĨ Fagus sylvatica >͘ :ŽƵƌŶĂů ŽĨ 
�ŝŽŐĞŽŐƌĂƉŚǇ͕  ϯϰ͕ ϭϭϴʹϭϯϭ͘

ϵ͘  ,ĂŶĞǁŝŶŬĞůථD͕͘  �ƵůůŵĂŶŶථ�͘ථ�͕͘  ^ĐŚĞůŚĂĂƐථD͘ථ:͕͘  EĂďƵƵƌƐථ'͘ථ:͕͘  Θ  �ŝŵŵĞƌͲ
ŵĂŶŶථE͘ථ�͘  ;ϮϬϭϯͿ͘ �ůŝŵĂƚĞ ĐŚĂŶŐĞ ŵĂǇ ĐĂƵƐĞ ƐĞǀĞƌĞ  ůŽƐƐ  ŝŶ  ƚŚĞ ĞĐŽŶŽŵŝĐ 
ǀĂůƵĞ  ŽĨ  �ƵƌŽƉĞĂŶ  ĨŽƌĞƐƚ  ůĂŶĚ͘  EĂƚƵƌĞ  �ůŝŵĂƚĞ  �ŚĂŶŐĞ͕  ϯ;ϯͿ͕  ϮϬϯʹϮϬϳ͘ 
ĚŽŝ͗ථϭϬ͘ϭϬϯϴͬŶĐůŝŵĂƚĞϭϲϴϳ͘ 

ϭϬ͘  ,ŝĐŬůĞƌථd͘ ͕  sŽŚůĂŶĚථ<͕͘  &ĞĞŚĂŶථ:͕͘ DŝůůĞƌථW͘ ථ�͕͘  ^ŵŝƚŚථ�͕͘  �ŽƐƚĂථ>͕͘ 'ŝĞƐĞĐŬĞථd͘ ͕ 
&ƌŽŶǌĞŬථ^͕͘ �ĂƌƚĞƌථd͘ ථZ͕͘ �ƌĂŵĞƌථt͕͘ <ƵŚŶථ/͕͘ Θ ^ǇŬĞƐථD͘ථd͘   ;ϮϬϭϮͿ͘ WƌŽũĞĐƟŶŐ 
ƚŚĞ ĨƵƚƵƌĞ ĚŝƐƚƌŝďƵƟŽŶ ŽĨ �ƵƌŽƉĞĂŶ ƉŽƚĞŶƟĂů ŶĂƚƵƌĂů ǀĞŐĞƚĂƟŽŶ ǌŽŶĞƐ ǁŝƚŚ Ă 
ŐĞŶĞƌĂůŝǌĞĚ͕ ƚƌĞĞ ƐƉĞĐŝĞƐͲďĂƐĞĚ ĚǇŶĂŵŝĐ ǀĞŐĞƚĂƟŽŶ ŵŽĚĞů͘ 'ůŽďĂů �ĐŽůŽŐǇ Θ 
�ŝŽŐĞŽŐƌĂƉŚǇ͕  Ϯϭ͕ ϱϬʹϲϯ͘ ĚŽŝ͗ථϭϬ͘ϭϭϭϭͬũ͘ϭϰϲϲͲϴϮϯϴ͘ϮϬϭϬ͘ϬϬϲϭϯ͘ǆ͘ 

ϭϭ͘  <ƌĂŵĞƌථ<͕͘  �ĞŐĞŶථ�͕͘  �ƵƐĐŚďŽŵථ:͕͘  ,ŝĐŬůĞƌථd͘ ͕  dŚƵŝůůĞƌථt͕͘  ^ǇŬĞƐථD͕͘  Θ  
ĚĞ tŝŶƚĞƌථt͘ ;ϮϬϭϬͿ͘ DŽĚĞůůŝŶŐ ĞǆƉůŽƌĂƟŽŶ ŽĨ ƚŚĞ ĨƵƚƵƌĞ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ 
;Fagus sylvatica  >͘Ϳ  ƵŶĚĞƌ  ĐůŝŵĂƚĞ  ĐŚĂŶŐĞ  ʹ  ZĂŶŐĞ͕  ĂďƵŶĚĂŶĐĞ͕  ŐĞŶĞƟĐ  
ĚŝǀĞƌƐŝƚǇ  ĂŶĚ  ĂĚĂƉƟǀĞ  ƌĞƐƉŽŶƐĞ͘  &ŽƌĞƐƚ  �ĐŽůŽŐǇ  ĂŶĚ  DĂŶĂŐĞŵĞŶƚ͕  Ϯϱϵ͕ 

ϰϳ



ϰϴ

ϮϮϭϯʹϮϮϮϮ͘ ĚŽŝ͗ථϭϬ͘ϭϬϭϲͬũ͘ĨŽƌĞĐŽ͘ϮϬϬϵ͘ϭϮ͘ϬϮϯ͘ 
ϭϮ͘  <ƵůůŵĂŶථ>͘  ;ϮϬϬϴͿ͘  dŚĞƌŵŽƉŚŝůŝĐ  ƚƌĞĞ  ƐƉĞĐŝĞƐ  ƌĞŝŶǀĂĚĞ  ƐƵďĂůƉŝŶĞ ^ǁĞĚĞŶ ʹ  

ĞĂƌůǇ  ƌĞƐƉŽŶƐĞƐ  ƚŽ  ĂŶŽŵĂůŽƵƐ  ůĂƚĞ  ,ŽůŽĐĞŶĞ  ĐůŝŵĂƚĞ  ǁĂƌŵŝŶŐ͘  �ƌĐƟĐ  
�ŶƚĂƌĐƟĐ  ĂŶĚ  �ůƉŝŶĞ  ZĞƐĞĂƌĐŚ͕  ϰϬ͕  ϭϬϰʹϭϭϬ͘  ĚŽŝ͗ථϭϬ͘ϭϲϱϳͬϭϱϮϯͲϬϰϯϬ;ϬϲͲ
ϭϮϬͿ͘ 

ϭϯ͘  �ŽďƌŽǀŽůŶǉථ>͕͘  Θ  dĞƐĂƎථs͘   ;ϮϬϭϬͿ͘  �ǆƚĞŶƚ  ĂŶĚ  ĚŝƐƚƌŝďƵƟŽŶ  ŽĨ  ďĞĞĐŚ  ;Fagus  
sylvatica  >͘Ϳ  ƌĞŐĞŶĞƌĂƟŽŶ  ďǇ  ĂĚƵůƚ  ƚƌĞĞƐ  ŝŶĚŝǀŝĚƵĂůůǇ  ĚŝƐƉĞƌƐĞĚ    ŽǀĞƌ  Ă  
ƐƉƌƵĐĞ ŵŽŶŽĐƵůƚƵƌĞ͘ :ŽƵƌŶĂů ŽĨ ĨŽƌĞƐƚ ƐĐŝĞŶĐĞ͕ ϱϲ ;ϭϮͿ͕ ϱϴϵʹϱϵϵ͘

ϭϰ͘  >ĂŝǀŝźƓථD͘  ;ϮϬϭϬͿ ^ǀĞƓǌĞŵũƵ ƉůĂƚůĂƉƵ ƐƵŐƵ ;Fagus sylvatica, Quercus rubra,  
Juglans ailanthifoliaͿ  ĂƵŐƵ  ƐĂďŝĞĚƌţďĂƐ  >ĂƚǀŝũĈ  /ŶƚƌŽĚƵĐĞĚ  ďƌŽĂĚůĞĂĨ  ƉůĂŶƚ  
ƐŽĐŝĞƟĞƐ  ;Fagus sylvatica, Quercus rubra, Juglans ailanthifoliaͿ  ŝŶ  >ĂƚǀŝĂ͘  
>ĂƚǀŝũĂƐ ǀĞŔĞƚĈĐŝũĂ͕ Ϯϭ͕ ϰϭʹϳϭ͘ ;ŝŶ >ĂƚǀŝĂŶͿ͘

ϭϱ͘  >ĞƵŐŶĞƌŽǀĄථ'͘  ;ϮϬϬϳͿ͘  Fagus sylvatica  >͘  ʹ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ͘  >ĞũƵƉŝĞůĈĚĤƚƐ 
ŶŽ ͬ Retrieved from ŚƩƉƐ͗ͬͬďŽƚĂŶǇ͘ĐǌͬĞŶͬĨĂŐƵƐͲƐǇůǀĂƟĐĂͬ͘ 

ϭϲ͘  >ŝǌƵŵĂථ>͕͘  <ůĂǀŝŶƐථD͕͘  �ƌŝĞĚĞථ�͕͘  Θ  ZŽĚŝŶŽǀƐථs͘   ;ϮϬϬϳͿ͘  >ŽŶŐͲƚĞƌŵ  ĐŚĂŶŐĞƐ  
ŽĨ  Ăŝƌ  ƚĞŵƉĞƌĂƚƵƌĞ  ŝŶ  >ĂƚǀŝĂ͘  /Ŷ  <ŲĂǀŝŶƐථD͘  ;ĞĚ͘Ϳ  Climate change in Latvia͘  
ZŝŐĂ͕ hŶŝǀĞƌƐŝƚǇ ŽĨ >ĂƚǀŝĂ͕ ƉƉ͘ථϭϭʹϮϬ͘

ϭϳ͘  WĞŹĂථ:͘ථ&͘ ථ�͕͘  ZĞŵĞƓථ:͕͘  Θ  �şůĞŬථ>͘  ;ϮϬϭϬͿ  �ǇŶĂŵŝĐƐ  ŽĨ  ŶĂƚƵƌĂů  ƌĞŐĞŶĞƌĂƟŽŶ  
ŽĨ  ĞǀĞŶͲĂŐĞĚ  ďĞĞĐŚ  ;Fagus sylvatica  >͘Ϳ  ƐƚĂŶĚƐ  Ăƚ  ĚŝīĞƌĞŶƚ  ƐŚĞůƚĞƌǁŽŽĚ  
ĚĞŶƐŝƟĞƐ͘ :ŽƵƌŶĂů ŽĨ ĨŽƌĞƐƚ ƐĐŝĞŶĐĞ͕ ϱϲ;ϭϮͿ͕ ϱϴϬʹϱϴϴ͘ 

ϭϴ͘  WŽůũĂŶĞĐථ�͕͘ Θ <ĂĚƵŶĐථ�͘ ;ϮϬϭϯͿ͘ YƵĂůŝƚǇ ĂŶĚ ƟŵďĞƌ ǀĂůƵĞ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ 
;Fagus sylvatica >͘Ϳ ƚƌĞĞƐ ŝŶ ƚŚĞ <ĂƌĂǀĂŶŬĞ ZĞŐŝŽŶ͘ �ƌŽĂƟĂŶ :ŽƵƌŶĂů ŽĨ &ŽƌĞƐƚ 
�ŶŐŝŶĞĞƌŝŶŐ͕ ϯϰ;ϭͿ͕ ϭϱϭʹϭϲϱ͘ 

ϭϵ͘  ^ĂďƵůĞථ>͘  ;ϮϬϬϵͿ͘  �ŝƌŽƉĂƐ  ĚŝǎƐŬĈďĂƌǎĂ  Fagus sylvatica  ;>͘Ϳ  ŝǌƉůĂƤďĂ  aŭĤĚĞƐ 
ŵĞǎƵ ŶŽǀĂĚĈ �ŝƐƚƌŝďƵƟŽŶ ŽĨ �ƵƌŽƉĞĂŶ ďĞĞĐŚ Fagus sylvatica  ;>͘Ϳ  ŝŶ ^ŬĞĚĞ 
ĨŽƌĞƐƚ ĚŝƐƚƌŝĐƚ͘ DĂŔŝƐƚƌĂ ĚĂƌďƐ͕ ZţŐĂ͘ ;ŝŶ >ĂƚǀŝĂŶͿ͘

ϮϬ͘  ^ĂďƵůĞථ/͘  ;ϮϬϬϵͿ͘  <ůŝŵĂƟƐŬŽ  ĨĂŬƚŽƌƵ  ŝĞƚĞŬŵĞ  Ƶǌ  �ŝƌŽƉĂƐ  ĚŝǎƐŬĈďĂƌǎĂ  Fagus  
sylvatica  ;>͘Ϳ  ƌĂĚŝĈůŽ  ĂƵŐƓĂŶƵ  aŭĤĚĞƐ  ŶŽǀĂĚĈ  /ŵƉĂĐƚ  ŽĨ  ĐůŝŵĂƟĐ  ĨĂĐƚŽƌƐ  
ƚŽ  ƌĂĚŝĂů  ŐƌŽǁƚŚ ŽĨ  �ƵƌŽƉĞĂŶ ďĞĞĐŚ Fagus sylvatica  ;>͘Ϳ͘  �ĂŬĂůĂƵƌĂ ĚĂƌďƐ͕  
ZţŐĂ ;ŝŶ >ĂƚǀŝĂŶͿ͘

Ϯϭ͘  sĂŶĚĞƌƐථ<͘  ;ϭϵϱϳͿ͘  �ŝǎƐŬĂďĈƌǎĂ  ĚĂďŝƐŬĈ  ĂƚũĂƵŶŽƓĂŶĈƐ  >ĂƚǀŝũĂƐ  W^Z  ŵĞǎŽƐ 
EĂƚƵƌĂů  ƌĞŐĞŶĞƌĂƟŽŶ  ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ŝŶ  >ĂƚǀŝĂŶ  ĨŽƌĞƐƚƐ͘  >ĂƚǀŝũĂƐ 
>ĂƵŬƐĂŝŵŶŝĞĐţďĂƐ �ŬĂĚĤŵŝũĂƐ ZĂŬƐƟ͕ ϳ͕ ϰϮϭʹϰϯϰ͘ ;ŝŶ >ĂƚǀŝĂŶͿ͘

ϮϮ͘  sĂŶĚĞƌƐථ<͘  ;ϭϵϲϬĂͿ͘  �ŝǎƐŬĈďĂƌǎĂ  ƐĤŬůƵ  ƌĂǎĂ  >>�  DĈĐţďƵ  ƵŶ  ƉĤƤũƵŵƵ  
ŵĞǎƐĂŝŵŶŝĞĐţďĈ  ^ĞĞĚ  ŚĂƌǀĞƐƚ  ŽĨ  �ƵƌŽƉĞĂŶ  ďĞĞĐŚ  ŝŶ  ZĞƐĞĂƌĐŚ  ĨŽƌĞƐƚƐ  ŝŶ  
>ĂƚǀŝĂ͘ >ĂƚǀŝũĂƐ >ĂƵŬƐĂŝŵŶŝĞĐţďĂƐ �ŬĂĚĤŵŝũĂƐ ZĂŬƐƟ͕ ϵ͕ ϱϭϭʹϱϮϱ͘ ;ŝŶ >ĂƚǀŝĂŶͿ͘

Ϯϯ͘  sĂŶĚĞƌƐථ<͘  ;ϭϵϲϬďͿ͘  �ŝƌŽƉĂƐ  ĚŝǎƐŬĂďĈƌǎƵ  ;Fagus sylvatica  >͘Ϳ  ŝŶƚƌŽĚƵŬĐŝũĂƐ 
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Eiropas dižskābarža (Fagus sylvatica L.) atjaunošanos 
ietekmējošie faktori

Līga Puriņa 1, Una Neimane 1, Baiba Džeriņa 1, Āris Jansons 1*

Puriņa, L., Neimane, U., Džeriņa, B., Jansons, Ā. (2013). Eiropas diž-
skābarža (Fagus sylvatica L.) atjaunošanos ietekmējošie faktori. 
Mežzinātne 27(60): 67-76.

Kopsavilkums. Eiropas dižskābardis ir izteikti ēncietīga koku suga, kas salīdzinoši 
mazāk nekā egle cieš no vēja un trupes sēņu ietekmes. Ņemot vērā šīs īpašības un klimata 
izmaiņu prognozes, šī suga potenciāli varētu būt perspektīva plašākai izmantošanai Latvijā, 
īpaši platībās, kur iespējami un/vai lietderīgi izmantot nekailciršu meža apsaimniekošanu. 
Pētījuma mērķis ir iegūt sākotnējo informāciju par dižskābarža dabisko atjaunošanos Latvijas 
ziemeļrietumu daļā, ārpus tā dabiskās izplatības areāla. Pilotprojekta ietvaros Šķēdes mežu 
novadā, Eiropas baltegļu audzē, ar dižskābaržu piemistrojumu, ierīkoti divi parauglaukumi, 
kur izmērīts jauno koku augstums, novērtēti tuvākie sēklu koki, kā arī noteikti gaismas 
apstākļi zem vainagu klāja. Dižskābaržu paaugas grupās, kurās ierīkoti parauglaukumi, nav 
konstatēta citu koku sugu paauga. Jauno koku skaits uz hektāra, kuru augstums ir vismaz 
0,2 m, vairākas reizes pārsniedz normatīvajos aktos par meža atjaunošanu prasīto skaitu. Tiešā 
parauglaukumu tuvumā (30 m rādiusā) konstatēti vairāki pirmā un otrā stāva dižskābarži – 
potenciālie sēklu avoti. Paaugas koku vidējais augstums vidēji cieši, statistiski būtiski, negatīvi 
korelē ar gaismas apstākļiem zem vainagu klāja. Kopumā secināms, ka šādi gaismas apstākļi 
vainagu klāja atvērumos un pirmā stāva sēklu koku skaits un a� ālums ir pilnīgi pietiekams, 
lai dižskābardis spētu sekmīgi dabiski atjaunoties ar sēklām. Tas norāda uz jau esošo 
mikroklimatisko apstākļu piemērotību šīs koku sugas izdzīvošanai un potenciālu tās plašākai 
izmantošanai nākotnē.

Nozīmīgākie vārdi: dabiskā atjaunošanās, izplatības areāls, nekailciršu meža 
apsaimniekošana.

•••
Puriņa, L. 2, Neimane, U. 2, Džeriņa, B. 2, Jansons, Ā. 2* European beech (Fagus 

sylvatica L.) regeneration affecting factors.
Abstract. European beech is a shade tolerant tree species that has higher resistance 

against root rot and wind damages than Norway spruce and could expand its area in future 
as the predicted climatic changes are favorable for its establishment and growth. ¡ erefore 
European beech has a considerable potential for use in forest management, especially in areas 

1 LVMI Silava, Rīgas iela 111, Salaspils, LV-2169, Latvija; *e-pasts: aris.jansons@silava.lv
2 Latvian State Forest Research Institute “Silava”, 111 Riga str., Salaspils, LV-2169, Latvia,
*e-mail: aris.jansons@silava.lv
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where shelterwood system can or shall be used.
Aim of the study was to assess natural regeneration of Fagus sylvatica outside its 

natural distribution range: in north-eastern part of Latvia. Material for the pilot-study has 
been gathered in two sample plots, established in silver � r (Abies alba Mill.) stand with beech 
admixture. Height of beech seedlings and distance to nearest seed source has been measured 
and light conditions under the canopy assessed.

Measured natural regeneration consisted only of beech seedling; no other species 
were detected in the sample area, probably due to very limited light availability. Also mean 
height of beech seedlings has a strong, statistically signi� cant negative correlation with light 
conditions under the canopy.

Density of beech seedlings with height at least 0.2 m several times exceeded the 
threshold for successful regeneration stated in the normative acts on forest regeneration 
(1500 trees ha–1). Su�  cient seed supply was ensured from several adult trees located in the 
vicinity (distance below 30 m) of the sample plot.

It can be concluded, that microclimatic conditions under the canopy as in the stands 
used for the study are suitable for successful natural regeneration of beech and therefore it 
can be expected to spread outside its instruction area in future. It also indicates the need for 
detailed study to determine the limitations of wider use of this species already in present 
climatic conditions.

Key words: natural regeneration, species distribution areal, selection cuts, shelterwood 
management.

•••
Пуриня, Л. 3, Неймане, У. 3, Джериня, Б. 3, Янсонс, А. 3* Факторы влияющие на 

восстановление бука европейского (Fagus sylvatica L.).
Резюме. Бук европейский очень тенелюбивая порода деревьев, которая 

сравнительно меньше чем ель подвергнута влиянию ветра и гнилевых грибов. Учитывая 
эти качества данной породы и прогнозы изменений климата, расширенное использование 
бука в Латвии потенциально перспективное, особенно на площадях, где возможно 
и/или целесообразно в ведении лесного хозяйства не прменять сплошные рубки. Цель 
исследования – получить изначальную информацию о естественном восстановлении 
бука в северо-западной части республики, вне ареала его естественного распростране-
ния. В рамках проекта в лесной области Шкеде (Šķēde) заложены две пробные 
площади в насаждении пихты европейской, с примесью бука, где измерена высота 
молодых деревьев, оценены ближайшие семенные деревья и условия освещённости 
под покровом крон. В группах букового подроста на пробных площадях не 
констатировано присутствие подроста других пород. Количество молодых деревьев на 
1 га‚ высота которых достигает минимум 0,2 м‚ несколько раз превосходит численность 
таковых в нормативных актах по восстановлению леса. В прямой близости от пробных 

3 ЛГИЛ «Силава», ул. Ригас 111, Саласпилс, LV-2169, Латвия; *эл. почта: aris.jansons@silava.lv
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площадей (в радиусе 30 м) выявлено несколько буков 1-ого и 2-ого ярусов‚ которые 
являются потенциальным источником семян. Средняя высота деревьев подроста 
статистически существенно‚ средне тесно и негативно коррелирует с условиями 
освещения под покровом крон. В общем итоге можно сделать вывод‚ что подобные условия 
в пробелах полога крон и число семенных деревьев на первом ярусе‚ а также расстояние 
вполне достаточные‚ чтобы бук смог успешно естественно восстанавливаться семенами. 
Это указывает на пригодность существующих условий микроклимата для выживания 
данной породы и на потенциал для расширенного выращивания бука в будущем.

Ключевые слова: естественное восстановление‚ ареал распространённости‚ 
ведение лесного хозяйства без сплошных рубок.

Ievads
Eiropas dižskābardis (Fagus sylvatica) 

ir izplatītākā koku suga lapu koku mežos 
Centrāleiropā. Tā koksne ir cieta un 
dekoratīva, un tiek plaši izmantota gan 
iekštelpu apdarei, gan durvju, mēbeļu, 
parketa, papīra un ª niera ražošanā (Born, 
2011), kā arī kuģu būvniecībā (Fagus 
sylvatica..., 2007). Dižskābarža augšanai 
piemērotākās ir vidēji mitras, vidēji skābas 
augsnes (Bolte et al., 2007). Plaši izplatīts 
Centrāl-, Rietum- un Dienvideiropā. Tā 
areāls ziemeļos plešas līdz Vācijas ziemeļiem, 
Dānijai, Zviedrijas dienvidu daļai, Polijai; 
izolētas platības ārpus areāla sastopamas 
Latvijā. Austrumu robeža sasniedz Ukrainu, 
Moldāviju, Bulgāriju. Areāla dienvidu daļa 
ietver Balkānu pussalu, Apenīnu kalnus, 
Sicīliju, Spāniju (Leugnerová, 2007).

Latvijā Eiropas dižskābardis 
introducēts 18. gs. vidū (Mangalis, 2004), 
bet pirmās kultūras ierīkotas 1885. gadā 
Šķēdes novadā. Ierīkotas gan tīraudzes, 
gan mistraudzes, kopumā 11,1 ha platībā 
(Dreimanis, 2005). Vidzemē un Zemgalē 
dižskābarža stādījumi izsaluši 1939./1940. un 
1955./1956. gada bargajās ziemās (Mangalis, 
2004).

Dižskābaržu audzes Rietumlatvijā 
uzrāda labu ražību. Jau 40 gadu vecumā 
audzes krāja sasniedz 320 m3 ha–1 (Mangalis, 
2004). Dreimaņa (2006) pētījumā par 
dižskābaržu audžu ražīgumu Šķēdes novadā 
minēts, ka 115 gadus vecas, stādītas tīraudzes 
koksnes krāja sasniedz 818 m3 ha–1: audzes 
vidējais šķērslaukums ir 50,5 m2 ha–1, vidējais 
valdaudzes koka augstums 34,8 m, vidējais 
valdaudzes koka caurmērs 41,7 cm. No 
sākotnēji iestādītajiem 5000 kokiem ha–1 
115 gadu vecumā valdaudzē saglabājušies 
352 un starpaudzē – 88 koki.

Dižskābarža augšanas periods ir 
samērā ilgs – sākas aprīlī un var turpināties 
līdz pat oktobrim. Augšanai nepieciešamā 
gaisa temperatūra ir virs 13°C (Sabule, 
2009a). Pirmajos aÌ īstības gados bieži cieš 
no pavasara salnām pat tad, ja citi klimatiskie 
faktori ir augšanai piemēroti. Sevišķi labi 
aug siltos un pietiekami mitros apstākļos. 
Augšanu veicina ne tikai pietiekams barības 
vielu un mitruma daudzums, bet arī tas, 
ka dižskābarža nobiras sadalās relatīvi ātri, 
tādējādi nodrošinot barības elementu strauju 
apriti (Dreimanis, 2005). Dižskābarža 
izplatību limitē galvenokārt klimatiskie 
faktori. Lai dižskābarži spētu sekmīgi augt 

L. PuriĝC��7��0GKOCPG��$��&őGTKĝa, ×. Jansons
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un atjaunoties, nepieciešamais nokrišņu 
daudzums ir ~500 mm gadā vai ~250 mm 
no maija līdz septembrim, jūlija vidējā 
gaisa temperatūra – zemāka par 19°C, sala 
periods – īsāks par 141 dienu, janvāra vidējā 
gaisa temperatūra – virs –3°C, vidējā gaisa 
temperatūra – vismaz 7°C (ne mazāk kā 
213 dienas gadā) vai vidējā gaisa tempera-
tūra vismaz 5°C (ne mazāk kā 245 dienas 
gadā) (Bolte, 2007). 

Laika periodā no 1960. līdz 1990. ga-
dam tikai Kurzemes rietumu piekrastē janvā-
ra vidējā gaisa temperatūra pārsniedza –3°C 
(kas tiek uzskatīts par vienu no kritērijiem 
šīs sugas areāla ziemeļu robežas noteikšanai), 
tādēļ pārējā Latvijas teritorija dižskābarža 
audzēšanai līdz tam nebija piemērota. Tomēr 
prognozes par gaidāmajām klimata izmaiņām 
liecina, ka līdz 21. gadsimta vidum vidējā 
gaisa temperatūra janvārī visā valsts teritorijā 
varētu paaugstināties par aptuveni 2,7-3°C 
( Jansons, 2010). Tas nozīmē, ka dižskābarža 
augšanai atbilstoša temperatūra šajā mēnesī 
būtu visā Kurzemē, Vidzemes jūrmalā, Rīgas 
apkārtnē un daļā Zemgales (aptuvenā reģiona 
robeža – joslā Sigulda–Aizkraukle–Nereta).

Šķēdes mežu novadā veiktajā pētījumā 
konstatēts, ka aprīļa nokrišņu daudzums 
negatīvi korelē ar koku radiālo pieaugumu, 
savukārt vasaras mēnešu un septembra 
nokrišņu daudzuma korelācija ir pozitīva. 
Nav noteikta būtiska sakarība starp 
koku radiālo pieaugumu un vidējo gaisa 
temperatūru (Sabule, 2009b).

Mežsaimniecībā arvien vairāk 
pievēršas jautājumam par nepieciešamību 
plašāk izmantot nekailciršu metodi. Līdz 
šim Latvijā pieejama tikai viena ēncietīga 
koku suga – parastā egle, kas piemērota 

šādam apsaimniekošanas veidam. Eiropas 
dižskābardis ir izteikti ēncietīgs visā augšanas 
laikā, kā arī mazāk nekā egle cieš no vēja un 
trupes sēņu nodarītiem bojājumiem, tādēļ šī 
suga būtu perspektīva platībās, kur pielietota 
nekailciršu metode.

Pētījuma mērķis ir iegūt sākotnējo 
informāciju par dižskābarža dabisko 
atjaunošanos Latvijas ziemeļrietumu daļā, 
ārpus tā izplatības areāla.

Materiāli un metodes
Pētījums veikts Meža pētīšanas 

stacijas Šķēdes mežu novada 23. kvartāla 
14. nogabalā, Eiropas baltegļu audzē ar 
atsevišķu bērzu, ozolu, egļu un dižskābaržu 
piemistrojumu. Audze ierīkota 1897. gadā. 
Meža tips – vēris.

Šajā audzē 2012. gada rudenī ierīkoti 
2 parauglaukumi dižskābaržu paaugas gru-
pās. Katrai grupai apzināta forma un izmērs, 
tās garenvirzienā novilkts transekts, kas 
sadalīts 4 m garos posmos. Katrā posmā 
atsevišķi uzskaitīta dižskābaržu paauga: 2 m 
platā joslā (1 m uz katru pusi no transekta), 
ar precizitāti līdz 10 cm uzmērīts pilnīgi visu 
jauno dižskābaržu augstums, un 4 m platā 
joslā (papildus vēl metrs uz katru pusi no ass 
līnijas) izmērīts to jauno dižskābaržu aug-
stums, kas pārsniedz 1,3 m (līdz 4 m 
augstumam ar precizitāti līdz 10 cm, aug-
stākiem ar precizitāti 0,5 m). Katrā transekta 
posmā noteikts tālākā pie paaugas grupas 
piederošā jaunā dižskābarža a¢ ālums no 
transekta abās tā pusēs (lai iegūtu priekšsta-
tu par paaugas grupas aizņemto platību un 
formu). Katrā 4 m posmā abās transekta 
pusēs uzskaitīts tuvākais pirmā stāva koks, 
kas ietekmē gaismas apstākļus paaugas 
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grupai, noteikta arī tā suga un diametrs. Visos 
virzienos, 30 m a� ālumā no transekta, atrasti 
visi pirmā un otrā stāva dižskābarži, izmērīts 
to augstums, diametrs un a� ālums no 
transekta, kā arī noteikta piederība tuvākajam 
parauglaukuma 4 m posmam. 

Lai raksturotu gaismas apstākļus 
paaugas grupās, katra transekta posma 
viduspunktā uzņemts vainagu klājs, 
izmantojot fotoaparātu Nikon Coolpix 8400, 
ar platleņķa (� sh-eye) objektīvu (FC-E9) un 
komplektējošu aprīkojumu (WinSCANOPY 
O-Mount). A� ēlu � ksēšanas brīdī fotoaparāts 
novietots 1,3 m augstumā, nolīmeņots un 
noorientēts pret ziemeļiem. Fotografēšana 
veikta ne vēlāk kā stundu pēc saules lēkta, 
lai novērstu tiešo saules staru ietekmi. Katrā 
punktā iegūti 3 a� ēli ar dažādu ekspozīcijas 
laiku.

Tālākai audzes gaismas režīma 
parametru noteikšanai a� ēli apstrādāti ar 
WinSCANOPY 2006a Pro datorprogrammu. 
Analīzei izmantoti a� ēli ar vidēju ekspozīcijas 
laiku (0,034 s). 

Analizējot gaismas apstākļus zem 
vainagu klāja, ņemti vērā šādi parametri: 
vainagu klāja izrobojums (gap � action), 
vainagu klāja atvērums (openness), tiešās 
gaismas īpatsvars (direct site factor) un kopējās 
gaismas īpatsvars (total site factor). Visi šie 
rādītāji ir relatīvas vērtības un tiek izteikti 
procentos. Vainagu klāja izrobojums ir a� ēlā 
redzamo debesu laukumu īpatsvars no kopējās 
a� ēla platības. Vainagu klāja atvērums ir 
vainagu klāja izrobojums, kas transformēts kā 
projekcija uz zemes virsmas. Tiešās gaismas 
īpatsvars ir a� iecība starp vidējo dienas tiešo 
radiāciju zem vainagu klāja un vidējo dienas 
tiešo radiāciju virs vainagu klāja veģetācijas 

periodā. Kopējās gaismas īpatsvars ir a� iecība 
starp kopējo (tiešo un izkliedēto) vidējo 
dienas radiāciju zem vainagu klāja un kopējo 
vidējo dienas radiāciju virs vainagu klāja 
veģetācijas periodā.

Rezultāti
Pirmā parauglaukuma transekta ga-

rums ir 48 m, uzskaitīto jauno dižskābaržu 
vidējais skaits uz hektāra ir 3906 un vidējais 
augstums 1,2 m, no tiem 3593 kokiem ha–1 
augstums ir vismaz 0,2 m. Otrā parauglauku-
ma transekta garums ir 16 m, uzskaitīti vi-
dēji 9375 koki ha–1 ar vidējo augstumu 2,1 m, 
no tiem 8281 kokiem ha–1 augstums ir vismaz 
0,2 m.

Abos parauglaukumos, 30 metru rā-
diusā ap transektu, konstatēti pirmā un otrā 
stāva dižskābarži, kas varētu būt potenciālie 
sēklu avoti paaugas grupām. Pirmajā 
parauglaukumā (transekta garums 48 m) 
uzmērīti 7 dižskābarži (no tiem divi otrā 
stāva), kuru a� ālums no transekta variē no 
1 līdz 17 metriem. Pirmā stāva dižskābaržu 
vidējais augstums ir 31,2 m (variē no 28,4 
līdz 33,4 m), vidējais caurmērs 35,2 cm (variē 
no 26,9 līdz 47,9 cm). Otrajā parauglaukumā 
uzmērīti 4 dižskābarži 5-25,5 m a� ālumā no 
transekta, no kuriem tikai 1 ir pirmā stāva 
koks, kam augstums 33,4 m un caurmērs 
48,5 cm. Pirmajā stāvā augošo dižskābaržu 
skaits un a� ālums līdz konkrētajam transekta 
posmam nekorelē ar katrā posmā uzskaitīto 
paaugas dižskābaržu skaitu, augstumu vai 
paaugas grupas platumu. No tā secināms, ka 
esošo pirmā stāva dižskābaržu, kā sēklu avotu 
skaits un a� ālums, ir pietiekams, lai sekmīgi 
norisētu dižskābaržu dabiskā atjaunošanās.

Visos 15 punktos, kuros uzņemti 
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gaismas apstākļus raksturojošiem para-
metriem, ir vidējais paaugas koku augstums. 
Vidējā paaugas koku augstuma korelācijas 
koe� cients ar vainagu klāja izrobojumu 
r = –0,48 (p = 0,07), ar vainagu klāja 
atvērumu r = –0,47 (p = 0,07), ar tiešās 
gaismas īpatsvaru r = –0,60 (p = 0,02), 
ar kopējās gaismas īpatsvaru r = –0,62 
(p = 0,012). Tajos transekta posmos, kur zem 
vainagu klāja nonāk vairāk gaismas, vidējais 
paaugas dižskābaržu augstums ir mazāks. 

Diskusija
Dižskābaržu dabisko atjaunošanos 

ar sēklām ietekmē ne tikai klimats, gaismas 
apstākļi, bet arī citi faktori, piemēram, sēklu 
izplatīšanās ātrums un a� ālums no sēklu 
avota (dižskābaržu audzes vai atsevišķi koki 
reproduktīvā vecumā). Dižskābaržu sēklas ir 

fotoa� ēli, gaismas apstākļi ir samērā līdzīgi. 
Audzes vainagu klāja izrobojums variē no 14-
19,5 %, vidēji 15,5 % (1. a� .). Audzes vainagu 
klāja atvēruma vērtības ir līdzīgas – no 15,1-
20,6 %, vidēji 16,7 %. Vidējais tiešās gaismas 
īpatsvars ir 15 %, tas variē no 8-20,6 %, bet 
kopējās gaismas īpatsvars ir vidēji 17,4 %, 
variē no 13,2-22,4 %.

Nevienam no minētajiem gaismas 
apstākļus raksturojošiem parametriem nav 
būtiskas korelācijas ar paaugas koku skaitu 
katrā konkrētā transekta 4 m posmā, paaugas 
grupas platumu, a� ālumu no transekta līdz 
tuvākajam gaismas apstākļus ietekmējošam 
pirmā vai otrā stāva kokam, kā arī ar 
a� ālumu starp tuvākajiem gaismas apstākļus 
ietekmējošajiem pirmā vai otrā stāva kokiem 
abās transekta pusēs. Vienīgā pazīme, kas 
uzrāda vidēji ciešu, negatīvu korelāciju ar 

1. a� ēls. Gaismas apstākļus raksturojošo parametru vidējās vērtības un ticamības intervāls.
Figure 1. Average values and con dence interval for the parameters characterizing light conditions 
in sample plots.
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platībās un 60-80 gadu vecumā – blīvās 
mežaudzēs (Mauriņš, Zvirgzds, 2006), vai 
arī gadījumos, kad koku caurmērs pārsniedz 
20 cm (Leak, Graber, 1993). Dati par bagātīgu 
sēklu ražas gadu biežumu dažādos pētījumos 
ir atšķirīgi: ik pēc trijiem (Leak, Graber, 
1993), pieciem (Mauriņš, Zvirgzds, 2006) 
vai ik pēc 4-6 gadiem (Peña et al., 2010).

Dižskābarža sēklu daudzumu samazina 
dažādi dzīvnieki, kuri tās lieto uzturā. 
Visvairāk sēklas iznīcina peles, strupastes 
un citi grauzēji, kā arī putni (Giesecke et al., 
2007). No � zioloģisko gatavību sasniegu-
šajām sēklām 40 %, pirms nokrīt zemē, 
ir kukaiņu, grauzēju vai putnu bojātas 
(Leak, Graber, 1993). Daļa no sēklām nav 
dzīvotspējīgas dažādu apputeksnēšanās un 
a� īstības traucējumu dēļ (Graber, Leak, 
1992). Šādu nea� īstīto sēklu procents 
dažādos pētījumos svārstās no 13 % (Leak, 
Graber, 1993) līdz 27,9 % (Graber, Leak, 
1992). K. Vandera (1957) konstatējis, ka 
atsevišķos gados tukšo sēklu daudzums 
sasniedz pat 30-80 %, un sēklu dīdzība variē 
no 70 % līdz 90 %. Sēklas dīgst pavasarī. 
Jauno sējeņu izdzīvošanu limitējošie faktori 
ir vēlās pavasara salnas un mitruma trūkums 
(Aranda et al., 2002). Giesecke un citi 
(2007) apraksta, ka jaunos kokus bojā briežu 
dzimtas pārnadži, kā arī kukaiņi, grauzēji, 
gliemji un sēnes. Tomēr, pretēji šai atziņai, 
mūsu apsekotajos parauglaukumos jaunajiem 
dižskābaržiem pārnadžu bojājumi netika 
novēroti.

Lai dižskābaržu paauga varētu sekmīgi 
augt un a� īstīties, pirmajos gados jaunajiem 
sējeņiem ir nepieciešama segaudze, kas tos 
pasargā no vēlajām pavasara salnām, sausuma 
un augstas gaisa temperatūras (Huss, 

salīdzinoši smagas (ap 250 mg), tādēļ ar vēju 
tās praktiski neizplatās. Sēklu izplatīšanos 
veicina putni un ūdensteces (Götmark 
et al., 2005), kā arī peļveidīgie grauzēji. 
Izpētīts, ka pēdējie ozolzīles izplata 10-20 m 
a� ālumā, savukārt sīļi – līdz pat 4 km, tomēr 
parasti dažus simtus metru no sēklu avota 
(Kollmann, Schill, 1996). Par dzīvnieku 
ietekmi uz dižskābaržu sēklu izplatību ir 
salīdzinoši maz pētījumu. Noskaidrots, 
ka ar šīm sēklām barojas 26 sugu putni un 
17 sugu zīdītāji. No putniem galvenais sēklu 
izplatītājs ir sīlis, bet to dara arī riekstroži, 
baloži, zīlītes un žubītes (Dobrovolný, Tesař, 
2010). Sīļi spēj aiznest sēklas pat līdz 4 km 
tālu ( Johnson, Adkisson, 1985). Peļveidīgie 
grauzēji dižskābarža riekstiņus parasti pārnēsā 
ne vairāk kā 30 metru a� ālumā (Kunstler, 
2004).

Čehijā, izpētot dižskābaržu dabisko 
atjaunošanos ap individuāliem kokiem egļu 
tīraudzēs, konstatēts, ka lielākais sējeņu 
blīvums ir tieši zem koka vainaga, bet 
salīdzinoši augsts blīvums ir arī 15-30 metru 
rādiusā ap koku. Tālākie sējeņi ir atrasti pat 
150-250 m a� ālumā no koka, atkarībā no 
reljefa. Arī citos pētījumos iegūti līdzīgi 
rezultāti – vidējais rādiuss, kura ietvaros 
sējeņi sastopami lielā blīvumā, variē no 13 
līdz 30 metriem, bet maksimālais sējeņu 
izplatīšanās a� ālums – līdz pat 250 metriem 
(Dobrovolný, Tesař, 2010).

No pētījuma rezultātiem secināms, ka 
parauglaukumos sēklu avotu apjoms, ražība 
un a� ālums ir pietiekami, lai nodrošinātu 
nepieciešamo sēklu daudzumu dabiskās 
atjaunošanās sekmīgai norisei.

Dižskābardis sāk ziedēt un ražot 
sēklas apmēram 40-50 gadu vecumā atklātās 
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bija pat vēl lielāks. 
Dižskābardis ir izteikti ēncietīga 

koku suga, kas ēncietību saglabā visa mūža 
garumā. Ja jaunie koki saņem tikai 20 % no 
pilna apgaismojuma, to dzinumu garums 
nesamazinās, bet samazinās caurmērs, pum-
puru garums un stādu svars (Dreimanis, 
2005). Tomēr, neskatoties uz to, vainagu klājā 
ir nepieciešams atvērums, zem kura sekmīgi 
varētu veidoties pietiekami blīva paaugas 
grupa (Szwagrzyk et al., 2001). Atvērumi 
vainagu klājā pieaugušā dižskābaržu tīraudzē 
parasti sastāda 3-20 %. Vidējais atvēruma 
lielums ir 50 m2, kas sakrīt ar viena koka 
vainaga platību. Šādi atvērumi parasti rodas, 
ejot bojā vienam kokam (Nakashizuka, 
1987). Augot vidējā vai stiprā apēnojumā, 
jaunie koki ir garāki un ar labāku stumbra 
formu nekā pilna apgaismojuma apstākļos 
(Leonhardt, Wagner, 2006). Citā pētījumā 
secināts, ka, palielinoties atvērumam vaina-
gu klājā, pieaug paaugas koku augstuma 
izkliede (Madsen, Larsen, 1997).

Paaugas koku vidējā augstuma 
negatīvā korelācija ar gaismas apstākļiem 
zem vainagu klāja varētu būt skaidrojama 
ar to, ka pietiekamas gaismas apstākļos 
jaunie dižskābarži neizstīdz, kā arī, ka labāk 
apgaismotajos transekta posmos pēdējo dažu 
gadu laikā ir iesējušies papildus jaunie kociņi 
zem jau iepriekš ieaugušās paaugas, kas 
nenotiek sliktāk apgaismotajos posmos, kur 
tiem pietrūkst gaismas. 

Kopumā varam secināt, ka pētījumā 
konstatētie gaismas apstākļi vainagu klāja 
atvērumos un pirmā stāva sēklu koku skaits un 
a� ālums ir pilnīgi pietiekami, lai dižskābardis 
spētu sekmīgi dabiski atjaunoties ar sēklām. 
Paredzam, ka sakarā ar prognozētajām klimata 

2004). Segaudze jaunajiem dižskābaržiem 
samazina arī lakstaugu un saulmīļu koku 
sugu paaugas konkurenci. Dižskābaržu 
audzē viengadīgu sējeņu skaits var sasniegt 
pat 300 000 koku ha–1, pirmajos trīs dzīves 
gados augsta ir to iznīkšana, koku skaits var 
samazināties vairākas reizes, un arī pēc 5 gadu 
vecuma sasniegšanas paauga nav uzskatāma 
par stabilu, jo koku daudzums joprojām 
turpina samazināties (Peña et al., 2010).

Pētījuma laikā ierīkotajos paraug-
laukumos dižskābaržu paaugas grupās 
netika konstatēta citu koku un krūmu 
sugu klātbūtne. Tā kā pieaugušo audzi 
ap parauglaukumiem veido galvenokārt 
Eiropas baltegles, ar nelielu bērzu, ozolu un 
dižskābaržu piemistrojumu, bija gaidāms, 
ka paaugā tiks atrastas arī šīs koku sugas. 
Bet, acīmredzot, bērzu augšanai zem audzes 
vainagu klāja pietrūkst gaismas, savukārt 
ozolu un baltegļu atjaunošanos ierobežo 
lielais pārnadžu blīvums.

Meža atjaunošanas, meža ieaudzēšanas 
un plantāciju meža noteikumi paredz (Meža 
atjaunošanas..., 2012), ka dižskābardis 
izmantojams meža atjaunošanai vai 
ieaudzēšanai šādos meža tipos: damaksnī, 
vērī, gāršā, slapjajā damaksnī, slapjajā vērī, 
slapjajā gāršā, šaurlapju un platlapju ārenī 
un kūdrenī, kā arī purvaiņos. Mežaudzes 
koku minimālajam augstumam jāsasniedz 
0,2 m, un koku skaitam uz hektāra jābūt 
vismaz 1500, maksimālais koku skaits uz 
hektāra netiek ierobežots. Abos ierīkotajos 
parauglaukumos uzskaitīto paaugas diž-
skābaržu skaits uz hektāra vairākas reizes 
pārsniedza normatīvajos aktos prasīto. Jāņem 
vērā, ka netika uzskaitīti pilnīgi visi paaugas 
koki, tātad reālais koku skaits uz hektāra 
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Kurzemes rietumu piekrastē, bet jau aptuveni 
pusē Latvijas teritorijas.

izmaiņām nākotnē, dižskābardim augšanas 
apstākļi Latvijā tuvināsies optimālajiem, un 
tas varētu sekmīgi augt un atjaunoties ne tikai 

Pateicība: pētījums veikts projekta “Meža koku adaptācijas potenciāls un tā paaug-
stināšanas iespējas” (Nr. 454/2012) ietvaros. Autori izsaka pateicību Prof. Andrejam 
Dreimanim par konsultācijām saistībā ar dižskābārža augšanu Latvijā. 
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Abstract 
Light requirements of European beech and other species regeneration in the northeasternmost beech stand in 
Europe (western part of Latvia) were assessed by the logarithmic regression analysis between the total height of 
samplings and light parameters (direct, diffuse and total radiation below crowns). Amongst the accounted ten 
regenerating tree species, beech and ash had the lowest requirements for light, which were also lower than the 
minimum light parameters observed in the neighbouring mixed stands, suggesting conditions for a successful 
spread. Although ash might be competing with beech, lately its regeneration has been strongly limited by the 
dieback. Additionally, the minimum requirements of the other accoutred species were higher, suggesting that 
beech would outcompete them for light in a longer term. Amongst the studied light parameters, the diffuse and 
total radiation below crown appeared to mainly influence the regeneration.  
Keywords: Fagus sylvatica; canopy opening; radiation; natural regeneration; sapling growth.  

 

Introduction 

A norther shift of the vegetation zones, hence, the species distribution is expected in Europe 

due to climate change and the northern limit of European beech (Fagus sylvatica L.) might 

occur in The Baltic States even by the end of the 21st century (Kramer et al., 2010). 

Consequently, the economic importance of beech could increase there. The spread of the tree 

species is determined by the speed of seed dispersion, which, in a modern landscape, is largely 

affected by human activity e.g. introduction (Petit et al., 2004), and the success of the 

establishment and growth (Bradshaw & Lindbladh, 2005). The establishment of the alien 

species is largely affected by the competition with the native ones (Sebert-Cuvillier et al., 

2008).  

European beech is a shade tolerant species (Minotta & Pinzauti, 1996), which can dominate in 

the understory in different site types (Madsen & Larsen, 1997). For a successful regeneration, 

beech requires shelterwood (Ritter et al., 2005), and openings in the canopy are the main source 

of light (Wagner et al., 2010; Runkle, 2013). Nevertheless, in such gaps, beech might be 

competing with other shade tolerant species, e.g. maples (Acer L.), which might burden beech 

regeneration (Galbraith-Kent & Handel, 2008; Wagner et al., 2010). The requirements for light 

are important factor shaping the understory and affecting the development of stand (Poulson & 

Platt, 1989; Modry et al., 2004) and such information might be useful for the assessment of the 

potential of the novel species to spread. Hence, the aim of this study was to assess the 
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requirements for light of regeneration of European beech and the native species growing in the 

northeasternmost beech stand in Europe in Latvia (Bolte et al., 2007).  

Material and methods  

Study area  

The study area is an experimental plantation of alien tree species in the western part of Latvia 

(57°15ʹ N, 22°41ʹ E, elevation ca. 90 m a.s.l.). The topography is flat and the soil is loamy 

(Oxalidosa forest type). The climate is moderately continental (the mean annual temperature 

is +6.2 °C and precipitation is ca. 600 mm). The studied stand is a plantation (ca. 9 ha) of 

European beech, established around 1890s (Dreimanis, 2004). At present, the studied stand is 

mainly formed by beech, although some alien and local species occur in the undergrowth and 

canopy. The density of stand is ca 700 trees ha-1, mean height is ca. 33 m and the basal area is 

ca. 35 m2 ha-1. Beech regeneration is successful and several generations co-occur within the 

same territory and also in the neighbouring stands. Beech saplings are scattered over the 

territory of plantation and surrounding it, forming groups in the canopy openings. Soil surface 

is frequently disturbed by wild boars; the herbal vegetation is scarce.  

Sampling  

Within the beech plantation, nine transects, from 34 to 80 m long, were placed to cross the 

canopy openings occupied by regeneration of different height (0.05–6 m). Additionally, one 

transect was placed in the neighbouring mixed broadleaved stand with scattered beech 

individuals in the understorey.  

Along each transect, sampling plots (2 × 2 m) were placed, leaving no space between them. 

Within each sampling plot, height of all regeneration was measured with the accuracy of 5 cm, 

and a canopy image was obtained for the description of the light conditions. The images were 

acquired by a digital camera (Nikon Coolpix E8400) equipped with a fish-eye lens (DSLR 4.9 

mm-203) (Regent Instruments Inc., Quebec, Canada), placed at 1.4 m height; the interfering 

undergrowth trees were bent aside. The automatic adjustment function of camera (focus, 

exposition time, aperture etc.) was used. Sampling was done in August 2013.  

Data analysis 

For the description of light conditions in the plots, the direct, diffuse and total radiation (mean 

photon flux density, mol m-2 day-1) for the vegetation period extending from April 20 to 

October 25, was calculated from the images using the WinScanopy 2006a software (Regent 

Instruments Inc., Quebec, Canada). The colour-based pixel classification was used. “Standard 

overcast sky” model was used for the calculation of the diffuse radiation, which was considered 

as 48 % of the total radiation.  
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The relationships of the light parameters was estimated by a Pearson correlation analysis. The 

light parameters between stands were compared by a t-test. The minimum values of the light 

parameters, necessary for the presence of regeneration, were estimated by the non-linear 

regression analysis. Total height of regeneration of each species within a plot, which represents 

both height and number of seedlings/samplings, was used as the dependent variable. 

Logarithmic model, y = a·ln(E)+b, where E – light estimate, and a and b – model parameters, 

was fit using the “nls” function in the program R (R Core Team 2013). In case of a negative 

parameter “a”, the tested light parameter was considered non-limiting. The analysis was 

conducted for the species present in ≥ 12 plots.  

Results  

In the studied stands, ten species were accounted in the regeneration, but only seven species 

were present in more than 12 plots (Table 1). Beech and ash were the most common species, 

present in 178 and 46 plots, respectively. The density of beech and ash regeneration ranged 

from 0.25 to 13.5 and from 0.25 to 5.5 individuals m-2 and the total height of regeneration 

within a plot varied from 2.5 to 1505 and from 2.5 to 159 cm1 m-2, respectively (Fig. 1). The 

tallest understory trees were common hazel, Norway spruce and European beech (Table 1).  

All light parameters were significantly (p-value <0.001) intercorrelated, with the weakest 

correlation between the direct and diffuse radiation (r = 0.52, n = 205). In both stands, light 

parameters had similar variation (variation coefficients was ca. 0.40) (Table 2). The crowns 

absorbed the largest part of the radiation and only ca. 10 % reached the understorey. The diffuse 

radiation formed ca. 33% of the total radiation below the crowns. Light parameters were 

slightly lower in the beech stand compared to the mixed stand, but the differences were 

significant only for the direct radiation (p-value = 0.04).  

The estimated and the observed threshold (minimum) values of light parameters differed 

among the species. The diffuse and total radiation appeared the main limiting factors, as for 

most of the species (except Norway spruce), as the parameters “a” were positive (Fig. 1) and/or 

threshold valued were not close to zero (more than 1 % of radiation above the crown) (Table 

3). The lowest estimated threshold of the diffuse radiation was observed for beech and ash 

(0.37 mol m-2 day-1) although the observed values were even lower (Fig. 1, Table 3). In 

contrast, the highest threshold values of the diffuse radiation were estimated and observed for 

silver fir and rowan (ca 0.75 and 1.05 mol m-2 day-1, respectively) (Table 3). The modelled 

threshold value of the total radiation for beech (0.19 mol m-2 day-1) appeared underestimated, 

but the observed value (0.66 mol m-2 day-1) was the lowest amongst the species except ash, 

which had the same value. The highest threshold value of the total radiation was found for 
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silver fir and rowan (ca. 2.20 and 3.20 mol m-2 day-1, respectively). The amount of the direct 

radiation appeared related to the occurrence of the silver fir, trembling aspen and European 

rowan (Fig. 1, Table 3), as the estimated threshold values of the direct and diffuse radiation 

were similar. The threshold values of beech and ash (Table 3) were lower than the minimum 

values in the plots in the neighbouring mixed stand (Table 2), while this was true in ≤ 80 % of 

the plots for other species.  

Discussion 

The abundance of beech regeneration in the plantation and in the neighbouring stand (Table 1) 

suggested the success of its acclimation and preconditions for a wider spread (Bradshaw & 

Lindbladh, 2005), surrounding the northeasternmost stand in Europe. Hence, the microclimatic 

conditions (e.g. light) increase importance, affecting the dispersion of the species (Poulson & 

Platt, 1989; Ritter et al., 2005; Rozenbergar et al., 2007). The comparison of the estimated 

threshold values (Table 3) showed, that amongst the light parameters, the amount of the diffuse 

and total radiation appeared the main factors affecting regeneration, similarly as observed in 

other studies (Emborg, 1998; Rozenbergar et al., 2007). Beech had the lowest threshold values 

of light parameters amongst the accounted species (Table 3), suggesting high shade tolerance 

(Wagner et al., 2010) also outside its distribution area (Bolte et al., 2007). The threshold values 

(ca. 2 % of the radiation above crown) (Table 3) were similar to those observed in Denmark, 

suggesting that the studied beech has not been more subjected to the environmental stresses 

(Emborg, 1998).  

Common ash also had low requirements for light (Table 3), hence it might be competing with 

beech under closed canopy conditions (Emborg, 1998; Modry et al., 2004). However, the 

competitiveness of ash, at present, is severely diminished by its decline (Kowalski & 

Holdenrieder, 2009), thus favouring beech. Although Norway spruce, which can persist in 

understory for a long time, is also considered as a competitor of beech for light (Bolte et al., 

2007), our results showed that spruce had a higher observed minimum value of the radiation 

parameters (Table 3), suggesting that both species might co-occur, at least in fertile sites 

(Madsen & Larsen, 1997; Bolte et al., 2007). Considering the ability of beech to persist in 

understorey for a long period, until a disturbance crates canopy opening and releases its growth 

(Wagner et al., 2010), and higher requirements for light observed for other species (Table 3), 

beech is expected to continue the dispersion into the neighbouring territories. Nevertheless, 

higher light parameters observed in the neighbouring stands (Table 2) might have a dual effect. 

On one hand, higher radiation might facilitate spread and development of beech, but on other 

hand it might increase the competition with other species. Though, the light conditions are one 
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of the main factors shaping the regeneration, other factors e.g. browsing, root competition and 

the availability of seed source should be taken into account for a more comprehensive 

assessment of the further spread of beech (Rozenbergar et al., 2007). 

Conclusions 

Successful regeneration and spread of beech was observed at its northeasternmost stand in 

Europe; threshold values of radiation parameters for regeneration of beech were similar as 

observed within its distribution area; radiation parameters appeared non-limiting for the further 

spread of beech into the surrounding stands.  Amongst the accounted ten regenerating tree 

species, beech and ash had the lowest requirements for light. Amongst the studied light 

parameters, the diffuse and total radiation below crown appeared to mainly influence the 

regeneration.  
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Figures  

 
Fig. 1. The total height of regeneration of European beech and other species in relation to the 

light parameters (direct, diffuse and total radiation) under the crowns in the studied beech and 

neighbouring stands. Lines represent the logarithmic models. Parameters of the fitted 

logarithmic models (y=a·ln(x)+b) are shown. Note that the axes differ.   
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Tables 

 

Species 

Occurrence N Regeneration 

density, ind. m-2 

Regeneration mean 

height, cm 

European beech 

(Fagus sylvatica L.) 

178 1631 2.3 (0.25-13.50) 62.1 (6.7-253.8) 

European ash 

(Fraxinus excelsior 

L.) 

47 325 1.7 (0.25-5.50) 25.9 (5.1-50.5) 

Common hazel 

(Corylus avellana L.) 

15 23 0.4 (0.25-0.75) 137.8 (27.5-550.0) 

Silver fir (Abies alba 

Mill.) 

16 28 0.4 (0.25-1.75) 11.1 (5.0-18.3) 

Norway maple (Acer 

platanoides L.) 

6 9 1.5 (0.25-0.75) 12.1 (5.0-32) 

Norway spruce 

(Picea abies Karst.) 

20 23 0.3 (0.25-0.50) 63.8 (17.5-170.0) 

Pedunculate oak 

(Quercus robur L.) 

3 4 1.3 (0.25-0.50) 20.8 (16.2-26.3) 

Trembling aspen 

(Populus tremula L.) 

17 49 0.7 (0.25-1.75) 35.2 (15.0-60.0) 

European rowan 

(Sorbus aucuparia 

L.) 

13 87 1.7 (0.25-3.25) 43.6 (17.5-75.0) 

Sweet sherry (Prunus 

avium L.) 

6 18 3.0 (0.50-1.25) 25.4 (15.3-46.7) 

Table 1. The number of sampling plots were species were present in understorey (occurrence), 

the total number of the measured saplings (N) and the mean density and height of the saplings 

in the sampling plots. The numbers in parenthesis show the range of the measurements.  
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Beech stand, 190 sampling 

plots 

Neighbouring 

broadleaved stand, 15 

sampling plots 

 
Direct  Diffuse  Total  Direct  Diffuse  Total  

Mean 2.88 1.54 4.41 3.85 1.91 5.76 

Minimum 0.36 0.28 0.66 0.73 0.36 1.09 

Maximum 7.85 3.64 9.96 7.10 3.29 10.39 

Standard dev.  1.33 0.62 1.71 1.76 0.88 2.55 

Coefficient of 

variation 

0.46 0.41 0.39 0.46 0.46 0.44 

Table 2. The general statistics of the estimated light parameters: direct, diffuse and total 

radiation below the crowns (mol m-2 day-1) in the sampling plots in the beech and the 

neighbouring mixed broadleaved stands. 
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Species 
Estimated Observed 

DF 
Direct  Diffuse  Total  Direct  Diffuse  Total  

European beech NA 0.37 

(2.48 

%) 

0.19 

(0.42 

%) 

0.36 

(1.17 

%) 

0.28 

(1.9 %) 

0.66 

(1.45 

%) 

176 

European ash 0.07 

(0.24 

%) 

0.37 

(2.52 

%) 

0.57 

(1.25 

%) 

0.38 

(1.24 

%) 

0.28 

(1.9 %) 

0.66 

(1.45 

%) 

45 

Common hazel NA 0.49 

(3.34 

%) 

NA 0.70 

(2.28 

%) 

0.82 

(5.56 

%) 

2.58 

(5.67 

%) 

13 

Silver fir 1.48 

(4.81 

%) 

0.79 

(5.32 

%) 

2.42 

(5.31 

%) 

1.20 

(3.9 %) 

0.70 

(4.74 

%) 

1.89 

(4.15 

%) 

14 

Norway spruce NA NA NA 0.74 

(2.41 

%) 

0.68 

(4.61 

%) 

1.45 

(3.19 

%) 

18 

Trembling aspen 0.55 

(1.77 

%) 

0.41 

(2.81 

%) 

1.46 

(3.21 

%) 

0.84 

(2.73 

%) 

0.46 

(3.12 

%) 

1.30 

(2.86 

%) 

15 

European rowan 1.18 

(3.83 

%) 

1.06 

(7.18 

%) 

2.81 

(6.17 

%) 

2.30 

(7.48 

%) 

1.01 

(6.84 

%) 

3.31 

(7.27 

%) 

11 

Table 3. Estimated and observed minimum values of light parameters: direct, diffuse and total 

radiation (mol m-2 day-1) necessary for the presence of regeneration. Estimates are based on the 

total height of regeneration in the sampling plots. DF – degree of freedom of the estimates. The 

numbers in parentheses show the threshold values as the proportion of the light parameters 

above the crown. 
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Abstract
The projections of vegetation zones suggest increasing growth potential of European beech (F ag us 
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saplings were narrow and the stems were spindly, suggesting that trees with a good stem q uality 
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1  I nt ro d u ct i o n

Northward expansion of nemoral tree species is predicted in Northern Europe due to changes in 
climate (H ickler et al. 2012). The distribution model of European beech ( F ag us sylvatica L.) sug-
gests that conditions for its growth in the Baltic States might be suitable by the end of the 21st 
century (Kramer et al. 2010). Nevertheless, already at present, successful growth and regeneration 
of beech is observed in the western part of Latvia (Bolte et al. 2007; Jansons et al. 2015), suggest-
ing adaptation of the species. In the central and eastern regions of Latvia, conditions, however, are 
considered unsuitable due to cold spells in winter, which the species have not been able to tolerate 
(Mangalis 2004; Bolte et al. 2007). Nevertheless, considering the observed warming (by ca. 2 ° C 
during the last century), particularly due to increase of temperature in the dormant period (Lizuma 
et al. 2007), growth potential of beech already might be improved.

0ortality	of	planting	material	is	a	crucial	parameter	that	inÀuences	pro¿taEility	of	forest	
management (Burton 2011). Regarding the species, which are planted outside their natural distribu-
tion area, increased mortality can be expected due to unfavourable climatic conditions (Fang and 
Lechowicz 2006; Burton 2011) or browsing by wildlife (H ansson 1985), while the risks related to 
pathogens might be lower (H ansson 1985). The climate-induced mortality of alien (introduced) 
species is often caused by weather extremes rather than mean values of weather parameters (Bolte 
et al. 2007), hence long term surveys are necessary to evaluate such effects. The aim of this study 
was to evaluate survival and growth of beech saplings in an experimental plantation in the central 
part of Latvia after 33 years since the establishment. We hypothesised that irrespectively of harsher 
climate, beech had a high survival, hence that the meteorological conditions were satisfactory for 
the existence of the species.

2  M a t eri a l  a nd  m et h o d s

2 . 1  S t u d y  si t e a nd  sa m p l i ng

Study site was located in the central part of Latvia (56° 42´ N, 25° 56´ E). The climate in study 
area was moist continental; the mean (± SD) annual temperature calculated for the period 1983–
2015 was + 6.2 ±  0.9 ° C. February and July were the coldest and warmest months with the mean 
temperature of –4.6 ±  4.2 and + 17.8 ±  1.7 ° C, respectively. During that period, the bottom-six 
six-hour mean temperatures were recorded in January 1987 (–31.1 ° C), 2003 (–31.7 ° C) and 
2006 (–28.7 ° C), and in February 1985 (–31.2 ° C), 2007 (–29.6 ° C) and 2012 (–28.9 ° C). The 
mean (± SD) annual sum of precipitation was 683 ±  73 mm. The highest monthly precipitation 
occurred in summer months (ca. 75 mm per month), but the lowest in spring (ca. 37 mm per 
month).

The study site was an experimental plantation of beech, established under the canopy of 
Scots pine (Pinus sylvestris L.) stand with Norway spruce (Picea abies (L.) H . Karst.) and silver 
birch (B etula pendula Roth.) admixture. The age of the stand was ca. 90 years; it was growing on 
moderately dry, fertile loamy soil with acidic reaction ( H ylocomiosa type). The area of the planta-
tion was ca. 3.5 ha. Beech was planted in summer of 1983 along the strip roads with the spacing of 
0.75–0.95 m (mean 0.83 m) forming curved planting lines. The distance between the lines mainly 
ranged from 3.5 to 8.5 m. Seedlings were raised in a local nursery. The seed material was obtained 
from a stand located in the western part of Latvia (57° 15´ N, 22° 41´ E) (Bolte et al. 2007) where 
beech from northeastern Germany was introduced in 1890s. U nfortunately, no information about 
the total number of planted seedlings was available.
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In the winter 2016, each beech sapling within the plantation was mapped. For this purpose, 
the territory was divided into regular 25×25 m plots. Within each plot, polar coordinates of beech 
saplings	Zere	¿xed	using	theodolite	Zith	the	precision	of	20މމ	and	0.15	m	for	a]imuth	and	radius,	
respectively. For each beech, height (±  0.10 m) and, for those above 1.6 m, also stem diameter 
at 1.3 m height (DBH , ±  0.5 mm) was measured. Additionally, length of the longest branch was 
estimated (±  0.10 m).

2 . 2  D a t a  a na l y si s

For each beech sapling, Cartesian coordinates relative to the plantation were calculated. Further, 
spatial data were processed using the Q GIS v.1.8.0 software. For the estimation of the number 
of initially planted seedlings, the total length of planting lines was assessed by means of remote 
sensing. The number of planted seedlings was estimated according to the total length of planting 
lines and the mean initial spacing between the seedlings. The survival of beech was estimated as 
the fraction of accounted trees from the number of initially planted seedlings. For the description 
of crown form, length of the longest branch was expressed as the fraction of tree height. Addition-
ally, stem taper was calculated where possible.

3  Resu l t s

From the estimated ca. 5000 beech seedlings planted in 1983, 3975 were alive in autumn of 2015, 
resulting in the overall survival of 79.5% . Additionally, some self-regeneration (branch sprouting) 
was observed. The dimensions of beech varied considerably; the mean (± SD) height of saplings was 
3.85 ±  2.30 m and the mean DBH  (± SD) was 24 ±  20 mm; nevertheless, some individuals reached 
>  10 m in height and >  9 cm in DBH  (Table 1). The median value of both variables was below the 
mean, suggesting that the smaller beeches were more freq uent; hence, the distributions of height 
and DBH  were positively skewed and had positive kurtosis (Fig. 1). The distribution of sapling 
height peaked in the second height class, i.e. 2–4 m, while nearly half of the saplings had DBH  
�	20	mm,	hence	the	distriEution	of	'%+	folloZed	the	reverse--	shape.	The	mean	(�6')	relative	
length of the longest branch was ca. 26 ±  11%  of tree height (Table 1), suggesting formation of 
narrow crown for the understory beech. The distribution of this parameter was positively skewed, 
implying that the relatively narrow crowns were prevailing (Fig. 1). Still, trees with considerably 
wider (>  50% ) crowns were also observed, particularly in the lowest height classes. The mean 
(± SD) stem taper of saplings was 0.29 ±  0.20.

T a b l e 1 .  Main statistics of beech sapling height, stem diameter at 1.3 m height and relative length of the 
longest branch. 

H eight, m Stem diameter at 1.3 m height, 
mm

Relative length of the longest 
branch, %

Minimum 0.30 2 2.6
Maximum 13.00 149 150.0
Mean 3.95 24 25.9
Median 3.50 18 24.2
Standard deviation 2.30 20 11.1
Coeff. of variation 0.59 0.83 0.43
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4  D i scu ssi o n

Although the studied site at present could be considered as the northeasternmost plantation (stand) 
of beech in Europe (Bolte et al. 2007), good survival (ca. 80% ) of saplings and evidence of self-
regeneration during the period 1983–2015 suggested high growth potential of the species. Despite 
several cold spells (when temperature was ca. –30 ° C) that occurred during the recent three decades, 
the climatic conditions in the central part of Latvia appeared non-limiting (suitable) for the exist-
ence of the species within a stand under shelterwood (Fang and Lechowicz 2006; Kramer et al. 
2010). Alternatively, such a high survival of beech in the central part of Latvia might be related to 
the origin of seeds, which came from the trees adapted only to a slightly milder climate (Y akovlev 
et al. 2011), i.e. from the western part of Latvia.

F i g .  1 .  Distribution of height (A), stem diameter at 1.3 m height (DBH , B) and the relative length of the longest branch 
(C) of the beech saplings.



5

Silva Fennica vol. 50  no. 4 article id 16 56  · Puriņa HW aO� ā 6urYiYaO oI (uroSHan EHHFK in WKH FHnWraO SarW oI«

The dimensions of beech saplings were rather low (Table 1) that might be explained by the 
closed	canopy	conditions,	hence	Ey	the	de¿cit	of	light	(0odry	et	al.	2004�	:agner	et	al.	2010).	
Also stem form, low stem taper and narrow crowns (Table 1) contributed to limited growth, ren-
dering the saplings spindly. Nevertheless, several individuals, which were growing under canopy 
openings, had reached considerable dimensions (>  10 m height), suggesting favourable growing 
conditions (Wagner et al. 2010). The distribution of sapling height and particularly DBH  had the 
reverse-J shape (Fig. 1), typical for shade tolerant species (Angelstam and Kuuluvainen 2004), thus 
the development of beech followed the pattern similar to the native species (e.g. Norway spruce), 
which have successful self-regeneration. H ence, to promote further development of beech, open-
ings in the canopy, e.g. from the selective or group cutting, appear necessary (Modry et al. 2004; 
Wagner et al. 2010). The prevailing saplings with low relative width of crown (Fig. 1) also implied 
potential formation of beech with stems of a good form (Wagner et al. 2010).

5  C o ncl u si o ns

The high survival and evidence of self-regeneration of beech in the central part of Latvia during the 
recent three decades are promising, suggesting successful adaptation, hence potentially increasing 
economic importance of the species already in the near future. Nevertheless, more information 
aEout	the	inÀuence	of	stand	structure	and	light	conditions	on	the	development	of	Eeech	saplings	is	
necessary. Our results also suggest that more trials i.e. in different growing conditions and regions 
can be established for more comprehensive assessment of the potential of the species in forestry 
in the Baltics.
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Ab stra ct
climatic changes are shifting the potential tree distribution limits of many tree species northwards. one of such 
species is Fagus sylvatica, currently represented in latvia only by a few stands. In order to increase k nowledge on its 
potential use in the forest management, the aim of our study was to characterize the growth of beech in a young stand 
in the central part of latvia. the stand of beech and spruce, mix ed in rows with an initial spacing of 2.5 x  2.5 m in 
O xalidosa forest type was assessed. survival of european beech in clearcut was similar to that observed for the native 
NorZay spruce (��� and ���, respectively), but both height and diameter Zere notably and signi¿cantly superior 
for wildlings at the mean age of 15 ±  2 years, reaching on average 7.4 ±  0.30 m and 8.9 ±  0.69 cm, respectively. 
Increasing ring width with increasing tree age for both tree species was observed until the last four years, when large 
and increasing superiority of beech over spruce, coinciding with reduction of ring width of spruce, was noted. It was 
most likely caused by intensi¿ed competition due to very Zide croZns formed by young beech trees in the plantation 
with wide spacing: average crown radius reached 2.4 ±  0.16 m, for few trees ex ceeding even 4 m. 
K ey  words:  introduced tree species, mix ed stand, adaptability, survival, european beech. 

foRestRY anD WooD pRocessInG 

I ntroduction 
climate envelop models are used to predict 

changes of species distribution due to climatic 
changes. Generally, northward shift of the vegetation 
zones, therefore also the species distribution is 
ex pected in europe (Walther et al., 2002;  Kullman, 
2008). however, the actual natural changes of the 
borders of tree species areals are much slower, 
since the spread is determined by the distance 
of seed dispersion, affected by numerous factors 
including forest fragmentation. to ensure that the 
ex pected improvement in forest productivity due 
to warmer climate (lindner et al., 2010) is realized, 
the adjustments in forest management practice and 
introduction of potentially suitable tree species, in 
this way altering the predicted natural changes in 
forest composition (hick ler et al., 2012), are crucial 
(petit et al., 2004). Increasing the number of tree 
species used in forestry also allows forest managers 
to diversify risks as Zell as ¿nd the most suitable 
alternative for any particular site, considering not only 
growth but also increasing probability of damages by 
abiotic factors (seidl et al., 2014). It is predicted, that 
northeastern limit of european beech (Fagus sylvatica 
l.) might occur in the Baltic states by the end of the 
21st century (Kramer et al., 2010), since the already 
occurring climatic changes in Latvia are reÀected as 
an increase of temperature in the dormant period and 
spring (lizuma et al., 2007), mak ing the conditions 
more suitable for the req uirements of this species 
(Bolte, 2007). however, it is not advisable to rely on 
the theoretical considerations, therefore ecological 
demands, i.e. climatic limitation of growth of this 
tree species should be comprehensively evaluated. 
Detailed information on climate-growth relationships 
can be obtained via dendrochronological analysis. 

this techniq ue was applied for the assessment of 
relationships between tree ring width (tRW) and 
climatic variables for beech in latvia. chronologies 
of tRW, which covered the periods 1949 –  2012 were 
produced. variation of tRW was affected by drought-
related climatic variables, temperature in the previous 
July and August, as Zell as an effect of spring and 
autumn temperature was observed. It was found that 
during the recent decades July precipitation also has 
become signi¿cant (Jansons et al., 2015a). the latter 
might have a negative effect on beech growth since 
intensi¿cation of heat and drought events are e[pected 
(avotniece et al., 2010). 

Successful natural regeneration is the ¿rst 
indication of species to thrive in the particular 
conditions. abundant regeneration has been found 
in canopy openings of the few ex isting beech stands 
in latvia (purina et al., 2013), limited mainly by 
light conditions (Jansons et al., 2016). even so, 
the results proved very high shade tolerance of this 
tree species in comparison to other common trees 
species in Latvia (Jansons et al., 2016) as well as 
broadleaved tree species with northernmost point 
of distribution limit being in the territory of our 
country –  european hornbeam (Carpinus betulus l.). 
hornbeam understory distribution and abundance was 
signi¿cantly linked to light parameters, particularly 
–  diffuse radiation (purina et al., 2015). Growth of 
beech under shelterwood, as recommended for its 
regeneration (Ritter et al., 2005), mainly due to high 
spring frost risk  (aranda et al., 2002), was similar to 
that found for other shade-tolerant species –  norway 
spruce: the mean height in particular study plots was 
62 and 64 cm, respectively (Jansons et al., 2016). 
however, the growth of young beech seedlings planted 
in clearcut (with higher temperature amplitude) has 

IV
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not been assessed previously in latvia. productivity 
of old beech trees, assessed in several permanent 
sample plots in the western part of latvia, was high in 
comparison to native tree species (Dreimanis, 1995). 
however, only middle-aged and mature stands were 
assessed in this study, but not young stands. Due to 
already occurring changes in climatic conditions, 
meteorological factors (and periods) notably affecting 
increment of trees are changing (Jansons et al., 2015b), 
therefore gathering of information about early growth 
from currently mature trees (using sample tree cutting) 
is not advisable. In order to improve the k nowledge on 
the potential of beech use in latvia, the aim of our 
study was to characterize growth of this tree species in 
young stands in the central part of our country. 

M a teria ls a nd M eth ods
a planted stand of european beech (Fagus 

sylvatica) and norway spruce (Picea abies) has been 
established in the entral part of Latvia on a Àat terrain 
on fertile, well-drained clayey soil O xalidosa forest 
type. climate in the study area is mild, the mean 
annual temperature is a �6.1 �C, July is the Zarmest 
month, Zith mean temperature a �16 �C, and January 
is the coldest month, with mean temperature ~  -3.6 ° c. 
the period when the mean daily temperature ex ceeds 
5 ° c is ~ 185 days. annual precipitation sum is ~  560. 
most of the precipitation falls during summer.

planting was carried out in spring of 2004 in 
clearcut using two-year old spruce plants and beech 
wildlings from natural regeneration under the canopy 
of beech stand in the western part of latvia. 

The ground Zas scari¿ed in roZs and single-roZ 
mix ture of beech and spruce was used (one row of 
beech, adjacent –  spruce etc.). Distance between rows 
varied from 2 to 3 meters (average 2.5 m) and distance 
between saplings in row was 2.5 meters. 

the height and the diameter of breast height 
(DBH) of each tree on January 2016 Zere measured 
for altogether 116 beeches and 124 spruces. for beech 

the largest radius of croZn (as de¿ned by the longest 
branch) was measured. for spruce height increment 
of last three years was measured. Increment cores 
from several trees as close to ground as possible were 
tak en with pressler borer. In the laboratory, air-dried 
cores Zere ¿[ed and gradually grinded (sandpaper 
roughness 100, 150, 250 and 400 grains per inch). 
tree-ring width was measured using lIntaB 5 
(Rinntech) measurement system with the precision 
of 0.01 mm. there were no signs (lik e old stumps of 
young trees) that any pre-commercial thinning has 
been carried out before.

Signi¿cance of differences Zas calculated using 
anova. 

Results a nd D iscussion
Density of trees was relative, similar to that 

ex pected at the particular height in young stands in 
latvia for broadleaved trees: 580 ha-1 of beech and 620 
ha-1 of spruce. the survival of beech was 73%  and it 
was similar to that of norway spruce (78% ). a higher 
survival might be ex pected as a result of successful 
plantation;  however, this level is also not uncommon 
in the plantation of native tree species, as reported, for 
ex ample, for silver birch in finland, where survival 
was on average 82%  after 6th growing season and 
��� after 11th, and notable and signi¿cant effect of 
timely (and effective) Zeed control in the ¿rst years 
on this parameter Zas found (Hyt|nen & Jylhl, 200�). 
there was no information on the tending carried out 
in the studied area, therefore, the impact of it can’ t be 
analysed. even a higher survival (94% ) at the age of 
8 years had been found in beech provenance trial in 
croatia, noting general adaptedness and phenotypic 
stability of the material (most of the provenances) 
based on this information ( Ivankoviü, Bogdan, & 
Boåiþ, 200�).

the average DBh of beech was 8.9 ±  0.68 cm and 
it signi¿cantly e[ceeded the average DBH of spruce 
(3.0 ±  0.41 cm) (fig. 1). also, the average height of 

figure 1. the average height and diameter of breast height (DBh) of european  
beech and NorZay spruce (� con¿dence interval). 
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beech was superior to the average height of spruce (7.4 
±  0.30 and 3.1 ±  0.30 m, respectively). comparison of 
height curves of both tree species revealed that spruce 
with height under 7.5 m had greater DBh than beech. 
It was in accordance to the ex pected, since largest 
(dominant) spruces were compared to suppressed 
beeches. DBh of beech with height over 7.5 m 
become notably larger but there were no spruces so 
high to compare with. 

The average values did not reÀect the differences 
between species clearly enough, therefore trees were 
arranged into height groups (fig. 2). at the moment 
in the area dominated beech;  most of those had the 
height of 6.1 to 8 m (49% ) and of 8.1 to 10 m (36% ) 
and there was no beech with the height under 2 m. 
meanwhile, the majority of spruce had the height of 
2.1 to 4 m and of 0.1 to 2 m. also there were no spruce 
trees higher than 10 m. superiority of beech was even 
more pronounced in diameter the greatest proportion 
(28% ) of beech had DBh from 10.1 to 12 cm while 
66%  of spruce had DBh less or eq ual 4 cm. the 
height of beech varied from 2.5 m to 10.5 m, DBh 
from 1.1 cm to 15.0 cm, for spruce the height of tree 
was from 0.5 m to 7.1 m and DBh was from 0.5 cm 
to 9.2 cm. In the analysis of natural regeneration in 
canopy opening in beech stand in Latvia Jansons et 
al. (2016) found a notably wider range of heights for 
beech than for spruce (from 7 to 254 cm vs.  from 18 to 
170 cm, respectively), even so the mean height of both 
tree species was similar (62 and 64 cm, respectively). 
also, in our study the distribution was wider of beech, 
but presumably due to differences in spacing or 
competition, the interspecies differences were more 
pronounced for diameter of trees, than for height. 

annual increment depends both on growth 
intensity (mm day-1) as well as on the length of 
the growing period. notable differences between 
spruce and beech in the timing of height growth 
had been observed in slovak ia: height increment 

of beech trees started earlier than that of spruce, 
but lasted a shorter time (~ 45 days vs. ~ 70 days, 
respectively);  however, the total length of the annual 
shoot of both species was similar (Konô pk a, 2014 
). In contrast, high importance of determination of 
the total length of height increment (and therefore 
growth superiority over other tree species) due to a 
very long growth period had been found for hybrid 
aspen (Populus tremuloides ×  P.  tremula) in latvia 
(Jansons et al., 2014). Radial and height growth of 
different tree species often is affected by contrasting 
meteorological factors, as demonstrated in numerous 
dendrochronological analyses (senhofa et al., 2016;  
matisons et al., 201�� Jansons et al., 201�a� Jansons et 
al., 2013b). therefore, the increment might be larger 
for one species at a particular year and for another –  in 
the nex t year and it is important to evaluate the total 
increment over longer time. overall, a faster growth 
in young stands, especially after the initial years of 
establishment, had been found for norway spruce 
than for beech, even so beech might outcompete other 
shade-tolerant species in the situation with limited 
light availability (Galbraith-Kent & Handel, 200�� 
Wagner et al., 2010). In older stands the productivity 
of beech might be similar or higher than that of spruce 
trees in appropriate soil conditions, as found also in 
the sample plots in beech stands in western latvia at 
the age of 115 years, where the height of dominant 
trees was 34.8 m, basal area 50.5 m2 and yield 818 m3 

(Dreimanis, 2006). 
since our study site was a mix ed stand with not a 

very high density, it is important to notice the results of 
meta-analysis of data from beech-spruce mix ed stands 
in europe: in these stands max imum productivity 
is reached in lower density than in pure beech or 
spruce stands (pretzsch, 2003). Growth of beech can 
be promoted by admix ture of spruce, particularly on 
fertile sites (pretzsch et al., 2010), but overyielding 
of mix ed stands occurs less freq uently on rich sites 

figure 2. tree distribution in the height groups. 
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than on poor and appears to be based on an admix ture 
effect, Zith spruce reducing the severe intra-speci¿c 
competition common in pure beech stands (mostly 
naturally regenerated with high density, that is not the 
case in our study site). 

Differences in growth might be part of the 
ex planation of observed height and diameter 
superiority of beech in our site. another potential 
source is unk nown differences in initial tree parameters. 
Based on analysis of increment cores, the age of beech 
wildlings varied from 12 to 19 years (on average 15 
±  1.9 years), while the age of planted spruce was 12 
years. It means that beech wildings could be higher 
and with a larger root system at the start that could 
have caused greater increment in the ¿rst years (even 
so the growth could have been affected by re-planting 
stress, possible root damages). nevertheless, due to 
large initial spacing, the effect of size differences on 

spruce due to competition most lik ely was negligible 
during the ¿rst �-6 years, but might have affected it 
during later years. It Zas in line Zith ¿ndings of radial 
increment analysis (fig. 3), demonstrating large and 
increasing superiority of beech over spruce during 
the last four years (coinciding with the reduction of 
ring width of spruce) and some growth reduction also 
of beech during the last two years, most lik ely due 
to further intensi¿ed competition, since the overall 
trend of increasing radial increment with increasing 
age of plantation can be observed and was disrupted. 
the ring width of the largest cored beech trees also 
was marginally reduced during the last two years. the 
width of tree ring for spruce was more varying. the 
max imal tree ring width for beech was 7.7 ±  1.2 mm, 
for spruce –  6.3 ±  1.9 mm.

the tendency of height increment of spruce in 
the last three years was similar to the tendency of 

Figure �. The average Zidth of annual tree ring (� con¿dence interval) for  
european beech and norway spruce.

figure 4. the correlation of beech crown radius with DBh and height of tree.
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radial increment ± it Zas slightly, but not signi¿cantly 
decreasing. presumably, the relatively smaller 
spruce trees invested most resources into the height 
increment (retaining it on average 38 ±  2.7 cm –  not 
large for spruce at that age comparing to those which 
have been measured in tree breeding trials) to catch up 
with beech and get better light conditions. on average, 
beech were higher and less affected by competition in 
the dense stand. 

very intense competition in the stand was 
demonstrated also by the largest crown radius of 
beech, reaching on average 2.4 ±  0.16 m, i.e. the 
distance between the trees in row and between rows. 
In fact, the number of trees value of this parameter 
even ex ceeded 4 m (fig. 4). the growth of beech trees 
was notably affected by the length of branches - used 
as an indicator of crown size, i.e. the total production 
of organic matter. this parameter had a strong and 
signi¿cant correlation Zith both the height of the tree 
and DBh (r =  0.71 and r =  0.87, respectively). 

Our results are in line Zith ¿ndings of other 
studies, suggesting that both species might co-occur, 
at least in fertile sites (Madsen & Larsen, 1���� 
Bolte et al., 2007). however, with low initial density 
beech occupies the area more ef¿ciently, relating long 
branches and using all the light resources available. 

the tree species in natural stands adapt in such a way 
and persist in understorey with limited light for a long 
period, until a disturbance creates canopy opening and 
releases its growth (Wagner et al., 2010). 

Conclusions
1. survival of european beech in clearcut in mix ed 

stand with norway spruce was similar to that 
observed for the native tree species. at the age of 
15 ±  2 years the average height of beech trees was 
7.4 ±  0.30 m, the average DBh was 8.9 ±  0.69 cm.

2. european beech wildings ex ceeded the height and 
diameter of norway spruce saplings 12 years after 
planting signi¿cantly and notably� by 140� and 
196% , respectively.

3. the mean annual radial increment of european 
beech almost three times ex ceeded the increment 
of norway spruce in the same conditions (0.74 and 
0.25 cm per year, respectively). 
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•  The dominant heig ht g row th of the introduced European beech w as modelled using  the g en-

eralised algebraic di൵erence approach.
•  The Chapman-Richards and Sloboda models showed the best ¿t to the data.
•  Height growth of the second generation trees exceeded the ¿rst generation trees.
•  I n the w estern part of L atvia, heig ht g row th of beech exceeded that in southern Sw eden.

Abstract
The height growth of trees inÀuences the productivity of stands and the competitiveness of spe-
cies, shaping  the rang e of their distribution. D ominant heig ht g row th w as assessed for European 
beech (Fagus sylvatica L .), g row ing  outside of its natural distribution rang e in the w estern part of 
Latvia. In 10 neighbouring experimental stands, 20 dominant trees were felled for stem analysis. 
Height growth was modelled using the generalised algebraic di൵erence approach, applying several 
non- linear eq uations and mixed procedures. The C hapman- Richards and Sloboda models show ed 
the best ¿t to the data. Height growth of the second generation (younger) trees exceeded that of 
the ¿rst generation, and followed curve for a higher site index, suggesting su൶cient adaptation 
and improving  conditions. H eig ht g row th of the studied beech exceeded predictions for beech 
in southern Sweden, which is considered to be the northern limit of the species range, yet the 
growth pattern di൵ered. In Latvia, slower height growth was estimated for site indices �32 m (in 
100 years) during the ¿rst 60 years, yet larger maximal height was predicted, suggesting a longer 
establishment period. N evertheless, the improving  heig ht g row th indicated increasing  potential 
for the application of the species in commercial forestry, and an expansion of the species within 
the region even during the 21th century.
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1  I nt ro d u ct i o n

Bioclimatic models predict that conditions in the Baltic States w ould become suitable for European 
beech (Fagus sylvatica L.) by the end of the 21st century� accordingly, shifts in the geographic 
distribution of the species are expected (K ramer et al. 2010;  H ick ler et al. 2012). I mproved g row th 
of beech has been observed in southern Sw eden (cf. F alk eng ren- G rerup and Erik sson 1990). The 
distribution limits of trees have been related to primary growth rate (Loehle 1998)� hence, the 
spread of a species is inÀuenced by the success of height increment and competition (Seynave et 
al. 2008). Height increment is also among the main parameters that inÀuence the productivity of 
stands (Burton 2012);  and such information is valuable for the prediction of g row th under cur-
rent and future climates. I n this reg ard, experimental plantations outside the natural rang e serve 
as useful indicators for the adaptive capacity of the species, particularly in the context of climatic 
change (Seynave et al. 2008� Kreyling et al. 2014).

At present, the northeasternmost stands of beech occur in the w estern part of L atvia (Bolte 
et al. 2007), providing an opportunity to study their growth under a harsher climate, outside of its 
natural range (Kramer et al. 2010). Nevertheless, good survival (Puriņa et al. 2016) and productiv-
ity (Dreimanis 1995) indicate that conditions in Latvia are already satisfactory for growth of the 
introduced beech. Still, height growth of beech near its northern distribution limit has been scarcely 
studied (cf. Carbonnier 1971). The aim of this study was to assess dominant height growth of beech 
in the western part of Latvia. :e hypothesised that, due to climate warming, height growth of 
beech in the w estern part of L atvia is comparable to the northern parts of its natural distribution.

2  M a t eri a l  a nd  m et h o d s

2 . 1  S t u d y  si t e a nd  sa m p l i ng

The studied stands were located in the western part of Latvia (57�15�N, 22�38�E), within 5 km 
distance of each other. The stands w ere g row ing  in similar low land conditions (80– 105  m a.s.l.), in 
a Àat topography. The soil was fertile and silty, yet well drained. The climate was mild� the mean 
annual temperature � standard deviation during 1914–2014 was 6.1 � 1.0 �C� the mean monthly 
temperature ranged from –3.8 � 3.7 in February to 16.6 � 1.5 �C in July (Harris et al. 2014). The 
mean annual precipitation was 658 � 102 mm� the highest monthly precipitation occurred during 
the summer months (June–August� 72 � 36 mm). Climatic changes were expressed as a warming 
of w inters and spring s (L iz uma et al. 2007) and an extension of precipitation- free periods in the 
summers (Avotniece et al. 2010).

In 2017, 20 dominant sample trees, growing in 10 unthinned stands of di൵erent ages (ca. 70, 
110 and 140 years), were felled for stem analysis. The dominant trees were selected to avoid the 
e൵ects of competition (Brunner and Nigh 2000). Stem disks were taken at 0.2 (stump), 1.3, and 
every 2 m above the base heights. The surface of the stem disks was grinded and the number of 
tree- ring s w as counted under a microscope. The cambial ag e of the trees at each heig ht w as deter-
mined. Tree heig ht w as corrected for ‘ hidden tops’  using  the C armean (1972) correction. The oldest 
trees (age ! 100 years) originated from seed material transferred from northern Germany (exact 
provenance unknown)� the younger trees were propagated from local seed material, representing 
the second g eneration. The initial spacing  of the plantations w as 2 ×  2 m.
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2 . 2  D a t a  a na l y si s

D ominant heig ht g row th w as modelled using  non- linear C hapman- Richards, H ossfeld, K ing - Prodan, 
log - log istic, Sloboda, and Strand eq uations (Table 1), transformed according  to the g eneralised 
algebraic di൵erence approach (Cieszewski and Baily 2000� Sharma et al. 2011). Such models have 
been applied for height growth modelling (Sharma et al. 2011), as they are polymorphic, allowing 
site-speci¿c parameters, e.g., multiple asymptotes, and are base-age invariant (Cieszewski and 
Baily 2000). The models were developed for dominant heights above 1.3 m. Time-series of tree 
heights were reorganised to height di൵erence for each observation period, where h 0  w as the heig ht 
at ag e t0 , and h 1  w as the heig ht at ag e t1  (in metres and years, respectively). The mean � standard 
error age, when the studied beech had reached breast height, was 4.7 � 0.4 years.

As several measurements orig inated from a sing le tree, mixed models w ere applied to solve 
the independence problem (Bates et al. 2015), accounting for random e൵ects of tree and stand. 
The models were evaluated by ¿t statistics, graphical analysis of residuals, and biological realism 
(Goelz and Burk 1992). Statistically, model ¿t was estimated by mean residual (MR), McNemar¶s 
adj usted R2, root mean sTuared error (RMSE), and the Akaike information criterion (AIC). <ield 
tables for beech in southern Sweden were used for comparison (Carbonnier 1971). Data analysis 
was conducted in the program R v. 3.3.3, using the ³lme4´ package (Bates et al. 2015).

3  Resu l t s

The developed dominant height models showed a slightly di൵ering ¿t to the measurements (Table 2) 
and conformance w ith the biolog ical realism principle (F ig . 1). F or most of the models, errors w ere 
similar (MR � 0.53 m and RMSE � 0.66, except for Hossfeld I, which showed higher errors), and 
the R2-values were high (!0.99, Table 2). The t-values of the parameter estimates mostly exceeded 
2.0, except for the sing le parameters in the C hapman- Richards and log - log istic models. According  
to the AIC, the Sloboda and Chapman-Richards models showed the best ¿t, while the Hossfeld¶s and 
log-logistic models showed the weakest ¿t to the data. The variance of random e൵ects was � 2.50.

The Sloboda and C hapman- Richards models appeared to be the most realistic, as the 
modelled curves follow ed, and encompassed, the measured time- series throug hout the reference 
period (Fig. 1). These models (particularly the Sloboda model) predicted slow height growth in the 
initial stage of stand (¿rst 20 years) for site indices � 27 m in 100 years. In addition, these models 
showed the best conformity with the improving height growth of the younger trees (ca. 70 years 
old). The Strand model showed similar tendencies, yet was more optimistic regarding the highest 
site indices. The log - log istic model w as the most conservative, predicting  the low est maximum 
tree heights, yet it showed lower conformance with measurements at a younger age (�20 years). 
The Hossfeld and King-Prodan models overestimated height increment for the site indices ! 36 m 
during the ¿rst 60–70 years, obviously exceeding the biologically possible growth.

The dominant height models (yield tables) developed in southern Sweden (cf. Carbonnier 
1971) showed weak conformity with the observed height growth of the studied beech, particularly 
regarding the younger trees (ca. 70 years old) and the lower site indices (Fig. 1). In addition, height 
growth of the younger trees exceeded the range of the yield table (cf. Carbonnier 1971) predictions. 
The predictions of the yield table also showed high bias, compared to the best of the developed 
modes (Chapman-Richards, and particularly Sloboda): overestimation at younger age (�100 years) 
and underestimation at the older ag e (F ig . 2). The bias w as strong er for the low er site indices.
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T a b l e 1 .  The generalized algebraic di൵erence approach models ¿tted to dominant height time series of beech according 
to Sharma et al. (2011).
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F i g .  1 .  The non-linear dominant height models (black lines) ¿tted to the observed data (grey lines, each line represent 
single tree)� model predictions are for 3 m site index intervals for the range 21–42 m (A–G). Panel H show the height 
g row th of beech in southern Sw eden according  to C arbonnier (1971);  black  line show  site indices in 4 m intervals for 
the range 20–36 m.
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T a b l e 2 .  Parameter estimates and their t-values of the ¿tted models. Models ¿t statistics: mean absolute residual (MR), 
residual standard error (RSE), root mean sTuared error (RMSE), Akaike information criterion (AIC), adjusted R2- value 
(McNemar¶s method), and variance components of the random e൵ects (9AR). 

C hapman-
Richards

H ossfeld H ossfeld I K ing - Prodan L og - log istic Sloboda Strand

Parameter estimates
b1 0.0227 43.7466 0.0228 1.576 43.803 5 2.9402 0.1789
b2 –9.8636 121.078 – 0.005 4 118.678 – 104.29 0.25 02 –0.0034
b3 42.6561 1.5 95 4 – 5 281.7 –1.6153 0.6489 2.2777

Estimate t- values
b1 16.88 10.36 11.47 37.15 11.83 7.8 8.48
b2 1.91 2.65 4.7 2.17 0.06 7.5 7 2.03
b3 2.23 37.81 2.03 38.12 12.98 15 .7

Model statistics
MR (m) 0.48 0.5 1 0.72 0.5 2 0.53 0.49 0.5 1
RSE (m) 0.6 0.65 0.83 0.65 0.67 0.63 0.64
RMSE (m) 0.6 0.64 0.82 0.65 0.66 0.62 0.64
AI C 660.3 685.3 835 686.9 694.3 656.8 677.7
Adj . R2 0.9963 0.9956 0.995 8 0.9956 0.995 4 0.995 9 0.995 8
9AR (tree) 0.317 1.125 0.133 0.013 0.432 0.721 0.009
9AR (stand) 0.011 1.965 2.231 2.023 0.414 0.168 0.377
9AR (residual) 0.367 0.418 0.553 0.422 0.441 0.384 0.409

F i g .  2 .  The di൵erences between beech dominant height predicted by the developed Chapman-Richards (A) and Sloboda 
(B) models in the western part of Latvia and yield tables for southern Sweden (cf. Carbonnier 1971) according to stand 
ag e and site index.
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4  D i scu ssi o n

The ¿t statistics (Table 2) and biological realism (Fig. 1) indicated the Chapman-Richards and, 
particularly, Sloboda model, which showed higher t- values of the parameters, as the best for esti-
mating the dominant height of beech in the western part of Latvia. The di൵erences in precision 
of the parameter estimates of these models (Table 2) were likely caused by the limited dataset 
(Sharma et al. 2011). Although the dominant height models are often region-speci¿c (Sharma et 
al. 2011), wider veri¿cation of the developed models within the region was impossible, due to 
an absence of beech stands. The models w ere developed based on even- ag ed plantation (F ig . 1), 
and their predictions might be biased for stands with extreme density (Brunner and Nigh 2000� 
Sharma et al. 2011).

Considering that climatic changes appear bene¿cial for beech growth in the Northern Europe 
(F alk eng ren- G rerup and Erik sson 1990;  K ramer et al. 2010), improved heig ht g row th, follow ing  the 
curve for a better site, was observed for the younger (second generation) trees (Fig. 1). This relates 
to the climatic component of site Tuality for species growing in marginal populations (Sharma et al. 
2012� Kreyling et al. 2014). Improved tree growth has also been related to eutrophication (Pretzsch 
et al. 2014). Alternatively, improved growth of the second generation trees might be related to the 
natural and anthropogenic selection of the best adapted genotypes (Matisons et al. 2017).

The dominant heig ht models from southern Sw eden (C arbonnier 1971) show ed rather poor 
conformity with the height growth of beech in the western part of Latvia, particularly for site indices 
� 32 m (Fig. 2), which, however, were not represented by the measurements (Fig. 1). 8nder harsher 
climatic conditions in Latvia (compared to southern Sweden), a longer time appeared necessary for 
beech to establish, explaining the deviations from the yield tables (Fig. 2). Slower establishment 
(extended ³lag´ phase of growth), which is ordinarily for shade-tolerant species (Seynave et al. 
2008� Sharma et al. 2011), was predicted by the Chapman-Richards and, particularly, the Sloboda 
models (Fig. 1). The yield tables (cf. Carbonnier 1971) also underestimated height growth in longer 
term (!100 years, Fig. 2), indicating improving growing conditions for beech in the western part 
of L atvia. Still, the C arbonnier (1971) model mig ht be outdated, due to w arming  and eutrophica-
tion (F alk eng ren- G rerup and Erik sson 1990;  Sharma et al. 2012). N evertheless, heig ht g row th 
of the younger trees exceeded the predictions of the yield table (Fig. 1 H), indicating improving 
g row ing  conditions (cf. C arbonnier 1971) and, hence, a rising  potential for w ider distribution of 
beech in the Baltics.

5  C o ncl u si o ns

The developed dominant height models indicated high forestry potential of European beech in the 
western part of Latvia, particularly for the planting material propagated from local plantations. 
Accordingly, beech could be approbated for wider application in commercial forestry within the 
region in the near future. Still, veri¿cation of these models on a larger dataset, containing a wider 
spectrum of site indices, would be necessary to increase the accuracy of the estimates.
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Abstract. Fagus sylvatica L. is one of the most important commercial tree species in Eu-
rope and its natural distribution range is expected to shift northwards due to climatic 
changes. Detailed information of factors affecting its growth is crucial as a basis for 
recommendations of wider use of this tree species. Aim of the study was to characterize 
the changes of radial growth intensity of European beech during a vegetation season. 
In mature beech stand in northwest Latvia two sample trees (dominant (DT) and sup-
pressed (ST)) were selected in Hylocomiosa forest type. Continuous measurements of 
changes of stem diameter and xylem sap Á ow as well as meteorological parameters 
were carried out. Stem cycle approach was applied to distinguish the duration of con-
traction, expansion and increment of the stem. Onset and cessation of growth of the 
ST tree was observed several days later compared with DT and mean growth intensity 
during the entire observation period was considerably lower (0.014 mm/day-1 for ST 
and 0.022 mm/day-1 for DT, respectively). Most intensive growth increment diurnally 
was observed in the early morning before sunrise, and seasonally till beginning of 
July. Positive effect of precipitation and low water pressure deÀ cit (VPD) on growth 
was observed, while high VPD coincided with stem contraction. Results indicate the 
sensitivity of radial growth of European beech to water deÀ cit and high atmospheric 
transpirational demand; therefore, future potential of cultivation of beech in Latvia 
depends on changes in moisture regime. 

Key words: Fagus sylvatica L., climate change, radial growth, dendrometer, soil water 
potential.
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Introduction

European beech (Fagus sylvatica L.) is one 
of the most important commercial tree spe-
cies in Europe, its distribution range cur-
rently stretches from the southern part of 
the Scandinavian Peninsula in the North 
till Sicily in the South and from the Iberian 
Peninsula in the West till Western Ukraine 
in the East (Ellenberg, 1988, 1996; Fang & 

Lechowicz, 2006). Continentality, which 
can be characterized by high summer tem-
peratures, summer droughts (Betsch et al., 
2011) and late spring frosts (Augustaitis et 
al., 2015), is considered as one of the limit-
ing factors of the distribution of European 
beech (Fang & Lechowicz, 2006). Modelled 
occurrence and severity of drought occa-
sions (Rasztovits et al., 2014) and decrease 
of probability of extreme cold events in the 

VI
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southern and northern parts of its distri-
bution range, respectively, coincide with 
forecasted effects of global climate change 
(IPCC, 2014) and therefore with the natural 
distribution range of beech, which is expect-
ed to shift northwards (Hickler et al., 2012). 
Currently, in several forest stands (estab-
lished at the end of 19th century) in Western 
Latvia, beech have shown high level of ac-
climatization (Jansons et al., 2015), success-
ful natural regeneration (PuriŸa et al., 2016) 
and productivity similar to that of common 
tree species, like Norway spruce and silver 
birch (Dreimanis, 2006).

Detailed understanding of tree short 
term response to environmental conditions 
is important for predictions of tree growth 
in changing climate and subsequent de-
velopment of forest management strategy. 
Data on short term responses based on 
stem diameter variation (SDV) can be con-
veniently gathered by means of dendrom-
etry. Several studies (Ceschia et al., 2002; 
Knott, 2004; Charru et al., 2010; Šimpraga et 
al., 2011; Michelot et al., 2012) have used it 
to assess intra-annual growth of European 
beech. Fluctuations of stem diameter are 
result of contraction and expansion caused 
by irreversible increment of xylem, changes 
in tissue water storage, wood thermal prop-
erties and internal tensions of conducting 
elements (Daudet et al., 2005). Therefore, 
SDV can indicate the level of tissue hydra-
tion and potential drought stress (De Swaef 
et al., 2015).

As demonstrated by Steppe & Lemeur 
(2004) and Michelot et al. (2012), growth of 
both juvenile and mature beech trees was 
drought sensitive. SufÀ cient water uptake 
ensures cell turgor pressure which is the 
main force providing cell expansion and 
division (Lockhart, 1967). Thereofre, mini-
mized cell expansion in drought stressed 
trees is related to insuÀ cient xylem hydra-
tion (Hsiao, 1973; Abe et al., 2003). Due to 
water deÀ cit, newly-formed vessels are re-
duced in size (Sass & Eckstein, 1995) which, 
in combination with reduction of xylem 
conductance (Barigah et al., 2013) hinders 

further water supply and hence assimila-
tion.

So far such studies have not been car-
ried out for European beech on the edge 
of its current distribution. SigniÀ cant dif-
ferences in water use have been found 
between dominant and suppressed beech 
trees, suggesting suppressed trees being 
under a higher drought stress risk beneath 
a closed canopy compared with dominant 
trees (Dalsgaard, 2008). Therefore, the aim 
of the study was to assess the intra-annual 
radial growth dynamics between dominant 
and suppressed European beech trees grow-
ing in northwest Latvia. We hypothesized 
that the intra-annual radial growth dynam-
ics of beech in northwest Latvia is sensitive 
to water deÀ cit.

Material and Methods

Study area and study period
The study area is located in north west 
Latvia (57º14´ N, 22º41´ E) in the central 
part of ZiemeŶkursas upland which is situ-
ated in a hemiboreal mixed forest of the 
temperate climatic zone where annual air 
temperature and the sum of precipitation is 
+ 6.3 ºC and 750 mm, respectively (Latvian 
Environment, Geology and Meteorology 
Centre). Movement of North Atlantic air 
masses generally determines climatic condi-
tions in Latvia; however, a gradient of small 
scale continentality in the territory of Lat-
via increases in direction from the coast in 
south west to inland in north east (LaiviŸš 
& Melecis, 2003; Draveniece, 2007). There-
fore, regional differences in the duration of 
the vegetation period (in the western part of 
Latvia the vegetation period is 2 to 3 weeks 
longer than in the eastern part) are observed 
(Klavins & Rodinov, 2010). According to the 
data from the closest meteorological obser-
vation station in Stende (about 20 km from 
the study site), both mean daily air tempera-
ture (14.9 °C) and sum of precipitation (327 
mm) of the studied period (May–August, 
2014) exceeded 30-year means of the cor-

Intra-annual radial growth of European beech – a case study in north easternmost stand in Europe
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responding period (14.5 °C and 271 mm, 
respectively).

Two nearby trees located 8 m from each 
other (DT–34.0 m high, diameter at breast 
height (DBH) 55 cm, 127 years old and 
ST–12.6 m high, DBH 16 cm, 43 years old) 
were sampled in a mixed Scots pine and Eu-
ropean beech stand on well drained loamy 
soil in Hylocomiosa forest type. Sample trees 
were selected according to differences in 
dominance (DT formed the emergent layer 
of the stand while ST was located in the un-
derstory).

Measurements of SDV, sap  ow and 
weather parameters
Monitoring of SDV was done at the breast 
height once per 10 minutes by automated 
band dendrometers DRL26C (EMS Brno, 
Czech Republic). Simultaneously, at the 
same height (4 m) of the trunk, xylem sap 
Á ow was measured every 10 minutes by ap-
plying the heat ratio method integrated in 
a SFM1 sap Á ow meter (ICT International, 
Australia). Probes of SFM1 have two mea-
surement points with 15 mm spacing in 
between, and, to avoid the inÁ uence of am-
bient temperature on sap Á ow data, outer 
measurement point was placed in the depth 
of 5 mm below cambium layer within the 
sapwood (Burgess et al., 2001). Accordingly, 
inner measurement point was located in the 
sapwood in the depth of 20 mm. Raw sap 
Á ow data were arranged by Sap Flow Tool 
software (ICT International, Australia) re-
moving logging errors and applying correc-
tion factors (bark thickness, sapwood depth 
and tree size) for calculating the sap Á ow 
rate for the whole tree. Meteorological data 
used in study were obtained from a mo-
bile weather station (Vantage Pro2, Davis 
Instruments, USA) located near the forest 
stand. Soil water potential was measured 
in the study site by using tensiometers (T8, 
UMS GmbH, Germany) and obtained data 
were stored in the DL6 logger (Delta-T De-
vices, UK).

Data analysis
Dendrometer data were analysed according 
to the methodology of stem cycle approach 
by Deslauriers et al. (2007) and Deslauriers et 
al. (2011). This method is based on division 
of daily pattern of stem shrinking/swelling 
cycles into different phases. Accordingly, 
phases of contraction (period between the 
daily maximum and next minimum), expan-
sion (period between the end of contraction 
and next maximum) and increment (part of 
the expansion phase from the time the stem 
radius exceeds the previous maximum un-
til the next maximum) were distinguished 
(Deslauriers et al., 2007) using DendrometeR 
package (van der Maaten et al., 2016) in R 
v.3.0.2. (R Core Team, 2016) software.

In order to characterize the relationship 
between sap Á ow rate and vapour pressure 
deÀ cit (VPD), Gompertz function was À tted 
in analysis of nonlinear least squares:

f (VPD) =  –ǃ –Ǆ * VPD

where  = asymptote, β = shape parameter, 
Ǆ = scale parameter. CoefÀ cient of deter-
mination (R2) of the nonlinear model was 
obtained by the formula:

R2 = (1–∑ri
2) / (∑(y–x y)2),

where ∑ri
2 is residual sum of squares and 

∑(y-x y)2 is total sum of squares. Statisti-
cal analysis was done in R v.3.0.2. (R Core 
Team, 2016) software.

Results and Discussion

The sum of precipitation and average air 
temperature of the studied period were 285 
mm and 17.2 °C, respectively, but the mean 
value of VPD reached 1.2 kPa (Figure 1C). 
Maximum air temperature was 33.4 °C, re-
corded in the beginning of August during a 
no rain period. Groundwater remained very 
low – between 19.48 and 19.41 m (Figure 
1B), which, due to the geomorphological 
properties of the study site, is located in 
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the aquifer under a conÀ ning layer formed 
by fat clay. Therefore, capillary rise of wa-
ter is excluded and soil moisture available 
for trees is supplied by precipitation only. 
Values of soil water potential Á uctuated 
between drought conditions during the 
longest no rain periods with high VPD in 
the end of July/beginning of August and 
saturation right after intense rainfall along 
with decrease of VPD (Figure 1C).

Total radial increment for DT and ST tree 
was 2.2 and 1.5 mm, respectively (Figure 
1A). Nevertheless, ST had larger relative 
increment from the initial DBH compared 
to DT (0.93 and 0.38%, respectively). At the 

end of dormancy, tissue rehydration and 
translocation of growth stimulants occur 
(Mäkinen et al., 2008), explaining the onset 
of Á uctuations of stem diameter for both 
trees observed several weeks before the 
À rst record of increment phase. Following 
winter dehydration, restoration of sufÀ cient 
xylem water content is one of preconditions 
for initiation of division of vascular cam-
bium cells (Yamashita et al., 2006; Mäkinen 
et al., 2008); therefore, a rapid increase of 
stem diameter as it was observed for DT 
in the last decade of May (Figure 1) can be 
explained by reduced transpirational water 
loss due to a decrease of VPD (Steppe & 

Figure 1.  Seasonal course of changes in total (solid lines) and relative (dashed lines, secondary axis) radial 
increment (A), soil water potential and groundwater level (secondary axis) (B), and air tempera-
ture, vapour pressure de� cit (VPD) and hourly sums of precipitation (secondary axis) (C).
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Lemeur, 2004).
Notable increase of stem diameter for ST 
started 2 weeks after DT during the pe-
riod with rain events (Figure 1A). Earlier 
growth onset for DT can be explained by 
higher root competitiveness of dominant 
trees which are very competitive, ensuring 
better water absorption (Le Goff & Ottorini, 
2001). During the observation period, cu-
mulative changes of stem diameter formed 
a sawblade shaped curve with Á uctuations 
caused by daily variations of wood hydra-
tion (Steppe & Lemeur, 2004; Michelot et al., 
2012). Pronounced leaps, corresponding to 
rain events and/or a decrease in VPD and 
air temperature, are distinguished as phases 
of increment. During such conditions, water 
absorbed from the soil is not being trans-
pired completely but integrated into forma-
tion of xylem cells (Pallardy, 2008). Subse-
quently, for both trees the highest values of 
single increment phases were recorded just 
after rain events during periods when both 

air temperature and VPD decreased (Figure 
1). Cumulative radial growth was complet-
ed in 98 and 101 days for DT and ST, respec-
tively, which corresponds to results of the 
study from Slovenia by ÿufar et al. (2008) 
showing that the average time of cambial 
activity for beech is 100 days. The timing 
of growth cessation generally is controlled 
by shortening of the photoperiod; however, 
age, vigour as well as environmental condi-
tions inÁ uence the control of development 
of dormancy (Kozlowski & Pallardy, 1997).

On the diurnal cycle, a period of the 
most intensive growth was observed in 
early morning, just before sunrise and 
subsequent start of daily sap Á ow; it was 
especially pronounced after stem rehydra-
tion following the rain events (Figure 2). 
Contraction of stems coincided with the 
increase of sap Á ow due to intensiÀ cation 
of transpiration. 

In the afternoon, sap Á ow decreased 
and expansion of stems due to restoration 

Figure 2. Hourly sums of duration of distinct phases of SDV (A; B) and mean hourly sap velocity (C; D).
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of xylem water storage (ÿermák et al., 2007) 
followed. Diurnal distribution of stem cy-
cle phases between both trees was similar. 
However, during the diurnal cycle, total du-
ration of increment phase for ST exceeded 
the duration of expansion and was longer 
compared with DT. Earlier onset of daily 
sap Á ow and following stem contraction 
for DT is caused by both higher root com-
petitiveness and canopy exposure to direct 
solar radiation and wind compared with ST. 
In the understory layer, in the morning, air 
temperature increase and subsequent onset 
of transpiration is delayed in comparison 
with emergent layer of the stand (Granier, 
1987). A diurnal peak of increment phase 
duration for ST was observed on average 3 
hours later compared with DT, and subse-
quent start of contraction for ST was 1 hour 
later. Additionally, this phase lasted longer 
in the afternoon. Therefore, diurnal course 
of radial growth of ST showed less xylem 
water loss resulting in less sensitivity to 
weather conditions. 

Since the success of tree growth is re-
lated to water availability (Pallardy, 2008), 

sap Á ow measurements can be used to trace 
tissue hydration and changes in vigour 
(ÿermák et al., 2007). ÿermák et al. (2007) 
showed that an increase of sap Á ow rate 
and depletion of internal water storage of 
the stem coincides. Comparing both sample 
trees, higher sap Á ow rates were observed 
for DT (up to 5000 cm3 ha-1) than for ST (up 
to 1000 cm3 ha-1). For both trees, high sap 
Á ow rates during very low VPD indicates 
rehydration during nights (Daley & Phil-
lips, 2006) or rainy/cloudy and cool days 
when formation of radial increment was 
observed (Figures 2, 3). High sap Á ow rates 
during high VPD indicates water movement 
through xylem driven by transpiration dur-
ing sunny, warm days coinciding with con-
traction of the stem or very low radial incre-
ment (Figure 1). An increase of VPD above 
1.5 kPa indicates upper limits of sap Á ow 
capacity for both trees. A high transpira-
tion in combination with insufÀ cient water 
supply causes stomata closure and cavita-
tion leading to cessation of xylem sap Á ow 
(Jones, 1998; Tyree & Sperry, 1989). There-
fore, hydration of xylem tissue is hindered 

Figure 3.  Relationship between sap � ow rate and VPD in dominant (A) suppressed (B) tree.
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(Zeppel et al., 2004). Turgor pressure is con-
sidered to be the main driving factor of ves-
sel enlargement (Ray et al., 1972). Therefore, 
vessel growth is negatively affected by the 
water deÀ cit (Sass & Eckstein, 1995). Since 
larger vessels in diameter have higher water 
conducting capacity (Tyree & Zimmermann, 
2013), insufÀ cient tissue hydration can have 
negative effect on growth during next veg-
etation period (Sass & Eckstein, 1995).

Analysis of nonlinear least squares (Fig-
ure 3 and Table 1) resulted in a sigmoidal 
relationship between sap Á ow rate and VPD 
for both trees. 

Differences in explained variances by 
the model for DT (R2 = 0.76) and ST (R2 = 
0.66) and more rapid increase of sap Á ow 
rate (determined by differences in scale 
parameter (Ǆ)) of DT at low values of VPD 
compared with ST, as already mentioned, 
can be explained by exposure of the canopy 
of DT to direct sunlight and wind favoring 
transpiration, thus providing large amounts 
of water for transpiration (Le Goff & Ot-
torini, 2001).

Conclusions

Due to water deÀ cit, formation of radial in-
crement is very slow or completely interrupt-
ed until the restoration of stem water storage 
is completed facilitating the expansion of 
xylem cells. Thus, conÀ rming our hypoth-
esis that radial growth of European beech in 
northwest Latvia is sensitive to water deÀ -
cit. Therefore, according to the predicted in-
crease in mean annual air temperature, the 
future cultivation potential of beech in Latvia 
depends on the precipitation regime.
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A B S T R A C T

Age, genetics and social status of trees affect their sensitivity to environmental factors, and information about
such effects is needed for comprehensive assessment of growth potential. Climatic sensitivity of radial increment
(i.e., tree-ring width) of introduced European beech (Fagus sylvatica L.) of different generations and social status,
growing in its northeasternmost stands in Europe, was studied by dendroclimatological methods. At present, the
studied stands occur outside of the natural distribution area of the species, providing opportunity to study
adaptability and potential growth of beech in novel environments under changing climate. The sensitivity of
radial growth to climatic factors was modulated by the generation and social status (size) of trees. The first
generation trees, which were propagated from the material transferred from the northern Germany, were highly
sensitive to climatic factors and showed wide spectrum of responses. The dominant trees were particularly
sensitive to June precipitation, indicating sensitivity to water deficit in summer. The suppressed trees were
mainly sensitive to temperature in the dormant period. Tree-ring width of the second generation trees, which
were propagated from the first generation stands, was mainly affected by water deficit in summer, yet the local
factors, modulated the mechanisms of response. In one stand, tree-ring width was affected by conditions during
the formation of tree-ring, indicating direct influence of weather conditions on xylogenesis. In the other stand,
tree-ring width was correlated to weather conditions in the preceding year, suggesting influence via carbohy-
drate reserves. The effect of social status on climatic sensitivity in the second generation stands was considerably
weaker, likely due to the natural and anthropogenic selection of the material best adapted for local conditions.
The effect of climatic factors on radial growth of beech has shifted during the 20th century. The effect of autumn
temperature has weakened, likely due to warming; the effect of factors related to water deficit in summer has
intensified that could be related to both, changes in climate and ageing. The observed climate-growth re-
lationships suggested that conditions in winter have become suitable for beech, yet careful selection of sites/
regions with appropriate hydrological conditions appear necessary to counteract the increasing effect of water
deficit, hence to ensure productivity of future beech sites in Latvia.

1. Introduction

In Europe, northward expansion of European beech (Fagus sylvatica
L.) is expected by the end of the 21st century in response to climatic
changes (Hickler and Vohland, 2012; Kramer et al., 2010); however,
considering slow dispersion of propagules (Saltre et al., 2013), assisted
migration appears important issue for wider spread of the species
(Björkman and Bradshaw, 1996; Vitt et al., 2010). Introduction of forest
reproductive material suitable for warmer climates has been advised as
one of the means for mitigation of the effects of warming climate on
forestry (Winder et al., 2011), thus broadening perspectives for a wider
(commercial) application of beech in the hemiboreal zone. Such in-
troductions would require adjustments in forest management practices

that creates necessity for comprehensive information about the benefits
and environmental risks of the novel species (Burton, 2012).

Sensitivity of populations growing near the species distribution
limits to environmental factors is largely determined by the genetics
(provenance) (Peuke et al., 2002), which affects the adaptive capacity
(Aitken et al., 2008; Kreyling et al., 2014). In this regard, experimental
plantations, particularly near or outside the natural range of the spe-
cies, serve as good indictors of adaptability and potential growth of
species in novel environments under changing climate (Isaac-Renton
et al., 2014; Kreyling et al., 2014; Vetaas, 2002). At present, the
northeasternmost experimental stands of beech, which are located
outside of its natural distribution range and have reached maturity,
occur in the western part of Latvia (Augustaitis et al., 2015; Bolte et al.,
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2007), where the species has been planted on ca. 40 ha of forest land.
Good survival, productivity and self-regeneration of these stands sug-
gest that conditions in the western part of Latvia have been suitable for
beech (Bolte et al., 2007; Dreimanis, 1995), yet little information is
available about its growth variation (Augustaitis et al., 2015; Jansons
et al., 2015).

Climate is one of the main factors that affects tree increment (Fritts,
2001), hence information about its climatic sensitivity is essential for
assessment of future growth potential and necessary adjustments in
management (Burton, 2012). Detailed information about the effect of
climatic factors on tree growth can be obtained by retrospective ana-
lysis of tree-ring proxies (e.g., width), which act as a natural archive of
the environment-growth interactions (Cook, 1985; Fritts, 2001). Trees
growing close or even outside their natural distribution area have been
considered as highly informative for such analysis due to pronounced
effect of limiting factor(s) (Speer, 2010; Vetaas, 2002). The effect of
climatic factors on tree growth is usually complex, modulated by re-
gional, site and internal factors, which have to be considered when
extrapolating the obtained relationships (Cook, 1985; Friedrichs et al.,
2009; Fritts, 2001). Hence, the selection of empirical material (sample
trees) influences the detectable climate-growth relationships (Carrer
and Urbinati, 2004; Piutti and Cescatti, 1997).

Size and social status of trees within a stand, which depends on age,
genetics, and micro-site factors, affects assimilation, maintenance costs,
water transport (Peuke et al., 2002; Ryan et al., 1997) and carbon al-
location (Genet et al., 2010). The synergy of these processes alters
growth responses, hence sensitivity to particular environmental factors,
resulting in a spectrum of growth patterns (Carrer and Urbinati, 2004;
Piutti and Cescatti, 1997). Trees of different canopy status also have
diverse water use efficiency (Granier et al., 2000; et al., 1997; Orwig
and Abrams, 1997), implying varying sensitivity to the factors related
to water deficit.

Besides the age- and size-related alterations in climatic sensitivity
(Carrer and Urbinati, 2004), the sets of limiting factors can shift over
time due to the changes in climate (Jansons et al., 2015; Lloyd and
Fastie, 2002; Wilmking et al., 2004), as certain thresholds of environ-
mental factors are exceeded (Speer, 2010). For example, improved
growth of thermophilic species has been observed under warming cli-
mate (Kullman, 2008; Walther et al., 2002), while increasing tem-
perature during the vegetation period might cause the opposite reac-
tion, intensifying evapotranspiration and water deficit (Lindner et al.,
2010; Wilmking et al., 2004). In addition, changing climate can cause
diversification of growth patterns at a fine geographic scale, increasing
the effect of micro-site conditions and competition (Briffa et al., 1998;
Piutti and Cescatti, 1997; Wilmking et al., 2004).

Considering these factors, pooling of data from trees of different
age/size might cause biased results, as environmental signals captured
by xylogenesis might interfere (Fritts, 2001); nevertheless, only several
studies have analysed the size- and age-related differences in sensitivity
of tree growth (Carrer and Urbinati, 2004). Current studies from the
eastern Baltic region, which have analysed pooled data from randomly

selected trees, showed that radial increment of beech has been sensitive
to both temperature in winter and water deficit in summer (Augustaitis
et al., 2015; Jansons et al., 2015). However, there is still poor in-
formation about the diversity of growth responses within a stand and
locality, as well as about the temporal changes in climatic sensitivity of
growth. Hence, the aim of this study was to assess the sensitivity of tree-
ring width (TRW) of beech of different generations (age) and stem
diameter at breast height (DBH) classes to climatic (meteorological)
factors at its northeasternmost experimental plantations (stands) in
Europe. Regarding age (generation), we hypothesised that the older
trees have been more sensitive to climatic factors than the younger
ones. Additionally, we assumed that sensitivity has been affected by the
social status within a stand (DBH class); accordingly, the dominant
(larger) trees were more sensitive to drought related factors due to
higher demand for water, while trees of smaller DBH (suppressed) were
more sensitive to winter temperature due to lesser carbohydrate re-
serves and vigour (Gerard and Breda, 2014; Guy, 1990). We also as-
sumed that, beside the age-related changes, the sets of the significant
climatic factors have shifted during the 20th century due to warming of
climate.

2. Material and methods

2.1. Study area

Study site was located in the northwestern part of Latvia (Table 1),
representing lowland conditions; the elevation was ca. 100 m a.s.l. and
the topography was flat. Soil was silty and well drained. The climate
could be classified as moist continental, yet it was largely determined
by the westerlies, which brought air masses from the Baltic Sea and the
Atlantic. The mean annual temperature (± standard deviation) in the
period 1940–2015 was +6.2 ± 1.0 °C; the mean monthly temperature
ranged from −3.7 ± 3.6 in February to +16.5 ± 1.5 °C in July.
Vegetation period, when the mean diurnal temperature exceeds +5 °C,
mostly extended from mid-April to October. The mean annual pre-
cipitation sum was 667 ± 106 mm; the highest monthly precipitation
occurred in summer months (June–August; 75 ± 30 mm). Climatic
changes were mainly expressed as increase of the mean temperature,
particularly during the dormant period and spring, and as extension of
the vegetation period (Lizuma et al., 2007), while summer temperature
and precipitation regimes were becoming more heterogeneous
(Avotniece et al., 2010).

Three plantations (stands) of beech located within 5 km distance
from each other, growing on rich sites (Myrtilloso-polytrichosa-
Oxalidosa) were selected (Table 1). The age of the plantations differed;
two stands (Young 1 and Young 2) were ca. 60 years old, and the third
stand (Mature) was twice older; however, the DBH ranges were similar.
The initial density of the plantations was ca. 4000 trees ha−1. The older
(Mature) beech stand was established by the reproductive material
originating from wild stands in the northern Germany, yet the exact
area of provenance was unknown. Two younger stands were established

Table 1
Description of the studied stands of European beech and descriptive statistics (mean value, range, and standard deviation) of stem diameter at breast height (DBH) and number of
measured tree-rings for sampled trees. CI—confidence interval.

Young 1 Young 2 Mature

Location 57.2505° N, 22.6993° E 57.2464° N, 22.6264° E 57.2504° N, 22.7209° E
Area, ha 1.7 2.2 2.0
Year established (stand age at sampling, years) 1956 (60) 1951 (65) 1889 (127)
Initial density, ind. ha−1 4000 4000 3800
Admixture Pure beech Oak, 20% Birch, 20%
Mean DBH ± CI, cm 25.86 ± 3.03 26.85 ± 3.12 28.95 ± 3.26
Range DBH, cm 10.4–46.3 12.4–48.5 14.1–49.6
St. dev. DBH, cm 9.9 9.8 10.5
Mean length of series ± St. dev., number of tree-rings 44.4 ± 9.7 56.2 ± 4.7 106.6 ± 14.0
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by the reproductive material collected in the older stand, representing
the second generation of trees.

2.2. Sampling and data preparation

In each stand, 45 trees representing the DBH distribution of the
plantations (according to inventory) were sampled. Tilted trees and
trees with wood rot were avoided. From each tree, two samples at
breast height from the opposite sides of stem were taken by a 5-mm
Pressler increment borer. The collected samples had<2 cm offset from
the pith.

In the laboratory, increment cores were dried, mounted, and their
surface was grinded by a sandpaper of four roughness grits (120–800).
The TRWs were measured manually, using the Lintab 5 measurement
system (Rinntech, Heidelberg, Germany) with the precision of
0.01 mm. The measured time series of TRW were crossdated and their
quality was verified by a graphical inspection and statistically, using the
program COFECHA (Grissino-Mayer, 2001). The number of tree-rings
measured per tree was by 9–21 lower than the stand age (Table 1).

Climatic data (CRU TS v. 3.24.01) were obtained from the Climatic
Research Unit of University of East Anglia (Harris et al., 2014). Data
from the nearest grid entry (< 7 km) were used. The tested climatic
variables were monthly mean temperature, precipitation sum, and
standardized precipitation-evapotranspiration index (SPEI) (Vicente-
Serrano et al., 2010), calculated with the respect of the preceding three
months. The climatic year from the July of the year preceding tree-ring
formation to October of the year of tree-ring formation was used.

2.3. Data analysis

For each tree, a mean TRW times series was calculated based on the
crossdated samples. To assess the high-frequency (annual) variation of
TRW, these series were detrended. Double detrending by a modified
negative exponential curve and flexible cubic spline with the wave-
length of 40 years preserving 50% of variation was used. Autoregressive
modelling (‘AR’, first order) was applied to remove autocorrelation,
which interferes with the climatic signal (Cook, 1985).

A principal component analysis (Jolliffe, 1986) based on the de-
trended series of TRW was used to assess grouping of the studied trees
according to their growth patterns. The analysis was based on the
common interval of 1972–2015. Trees were used as samples, and years
(TRW indices) were used as variables. Correlation was used for calcu-
lation of the cross-product matrix. The significance of the principal
components (PCs) was determined by the randomization test (‘broken
stick’), performing 104 iterations.

To assess the effect of social status on high-frequency variation of
TRW, datasets of each stand were divided in three equal groups ac-
cording to DBH (dominant, intermediate and suppressed, respectively;
Table 2). For the description of the datasets, mean interseries correla-
tion (r-bar), expressed population signal (EPS), signal to noise ratio
(SNR), first order autocorrelation in detrended series (AC), and Glei-
chläufigkeit (GLK) coefficients (Wigley et al., 1984) were calculated.
Chronologies of TRW for each group were established by averaging the
detrended series of trees; biweight robust mean was used (Cook, 1985).
The similarity of chronologies was described by a Pearson correlation
coefficient r.

The relationships of TRW chronologies and PCs with climatic vari-
ables (factors) were assessed by a bootstrapped Pearson correlation
analysis, performing 104 iterations. For all chronologies (groups), the
analysis was conducted for the common interval (1972–2015).
Additionally, for the older trees (from the Mature stand), the analysis
was conducted for 30-year moving intervals, to assess the temporal
changes in climatic sensitivity; data for 1903–2015 were used for this.
Data analysis was conducted in the program R v. 3.3.2 (R Core Team,
2016), using packages “dplR” (Bunn, 2008), “treeclim” (Zang and
Biondi, 2015), and “SPEI” (Begueria and Vicente-Serrano, 2013).

3. Results

3.1. Variation of tree-ring width

After the quality verification and crossdating, time series of TRW
from 126 of the 135 initially sampled trees, which showed good
agreement and substantial dating (e.g. matching signature years), were
used for further analysis (Table 2). The number of crossdated series
(trees) for the distinguished groups ranged from 13 to 15. The syn-
chrony of high-frequency variation of TRW, as indicated by GLK, was
comparable for most of the groups (GLK ≥ 0.57), although it was
slightly lower for trees from the Mature stand at the younger age
(1900–1960, mean GLK was 0.59). Nevertheless, GLK tended to be
slightly higher for the dominant trees. The r-bar value of the datasets
differed according to stands; it was higher for the younger stands (mean
r-bar was 0.49) compared to the older one during the common as well
as earlier interval (mean r-bar was 0.25 and 0.26 during 1900–1960
and 1961–2015, respectively). Differences among the DBH classes were
observed. In the younger stands, higher r-bar was observed for the
supressed trees, while in the older stand, higher r-bar was observed
among the dominant trees. The r-bar values calculated for stands and
for the entire dataset where generally lower than calculated for in-
dividual groups. The EPS values of the groups were mostly below 0.85
(cf. Wigley et al., 1984), yet for the stands and the entire dataset, they
exceeded this threshold. The SNR of the groups ranged from 1.55–7.88
(except the supressed trees from the Mature stands during 1900–1960),
yet it was considerably higher for the stands and the entire dataset as
well (≥9.97). The AC for groups was rather high (≥0.49) and the mean
sensitivity was intermediate (0.20–0.32).

The first two PCs were significant (p-value < 0.001) and corre-
sponded for 15 and 11% of the high-frequency variation of TRW, re-
spectively (Fig. 1). The ordination of trees by the first two PCs displayed
partly overlapping grouping according to generation (stand age) and
DBH class (Fig. 1). The first PC might be associated with generation of
trees, as the scores of the younger trees (Young 1 and Young 2 stands)
generally exceeded those of the older ones (Mature stand); still, this was
not distinct for the suppressed trees. For trees from the Young 2 and
Mature stand, the first PC also captured variation of TRW related to
DBH, as indicated by higher scores for trees with lower social status.
The second PC might be associated with size of trees, as the PC scores of
trees within each stand increased with DBH. Additionally, the second
PC could be associated with stand specifics properties, as suggested by
the differences in the mean scores of the stands.

Residual chronologies of TRW were successfully produced for each
group (Fig. 2). The range of TRW indices was higher for the older trees
(Mature stand); nevertheless, within stands, higher range of indices was
observed for the supressed trees. Chronologies from the same stand
showed rather high similarity, as the mean r between the chronologies
from each stand was 0.65 (Table 3), while the mean r among the stands
was 0.33. When the chronologies were compared according to social
status, the r increased with DBH; the chronologies of the dominant trees
were rather similar (mean r= 0.61), while correlation among the in-
termediate and suppressed trees was considerably lower (mean
r = 0.35 and 0.15, respectively). No similarity (|r| ≤ 0.06) was ob-
served between the chronologies produced for the intermediate and
supressed trees from the Mature and Young 2 stands, respectively.

3.2. Sensitivity of tree-ring width to climatic variables during 1972–2015

The main components of variation of TRW captured by the first two
PCs were associated with climatic factors. The scores of the first PC
significantly (at α= 0.05) correlated with temperature in the pre-
ceding summer (r = 0.36), temperature in January (r = 0.32), and
winter precipitation (r = 0.32). The scores of the second PC showed
significant correlation with temperature in April (r = −0.37) and
precipitation in July (r = −0.34).
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From the tested 48 climatic variables, 19 showed significant cor-
relation with at least one of the chronologies; the r ranged −0.48 to
0.64 (Fig. 3). The TRW of beech was mainly sensitive to factors related
to water deficit in summer; however, the sets of significant climatic

variables differed among the stands and DBH classes. The younger trees
were more sensitive (showed higher correlation coefficients) to SPEI in
late summer, as well as to temperature in previous summer. The older
trees were more sensitive to temperature and precipitation in June and

Table 2
Statistics for the datasets of beech tree-ring width for the distinguished groups: mean tree-ring width, first order autocorrelation in detrended series (AC), mean sensitivity (MS), mean
Gleichläufigkeit index among series (GLK), interseries correlation (r-bar), expressed population signal (EPS), signal to noise ratio (SNR), and number of crossdated trees (N). Statistics for
the Mature stand are calculated for split intervals as well as for the entire period. The range of diameter at breast height for each group is shown in brackets.

Mean tree-ring width ± st. dev., mm AC MS GLK r-bar EPS SNR N

Young 1
Dominant (30.8–46.3 cm) 3.6 ± 1.4 0.69 0.21 0.68 0.45 0.82 4.46 15
Intermediate (20.0–28.7 cm) 2.8 ± 1.2 0.63 0.26 0.67 0.37 0.72 2.55 14
Suppressed (10.4–18.4 cm) 2.0 ± 1.0 0.61 0.28 0.63 0.59 0.84 5.38 13
Total 2.9 ± 1.2 0.64 0.24 0.65 0.41 0.91 10.52 42

Young 2
Dominant (32.8–48.5 cm) 3.2 ± 1.1 0.69 0.20 0.67 0.46 0.82 4.53 14
Intermediate (21.1–30.3 cm) 2.1 ± 1.1 0.84 0.20 0.58 0.48 0.81 4.23 13
Suppressed (12.4–19.8 cm) 1.4 ± 0.9 0.82 0.24 0.58 0.58 0.88 7.21 14
Total 2.2 ± 1.0 0.78 0.21 0.59 0.42 0.93 13.75 41

Mature, whole period
Dominant (32.0–49.6 cm) 1.9 ± 0.7 0.68 0.23 0.66 0.41 0.89 7.88 15
Intermediate (21.7–30.6 cm) 1.2 ± 0.6 0.71 0.25 0.64 0.37 0.8 3.93 15
Suppressed (14.1–19.5 cm) 0.9 ± 0.6 0.78 0.27 0.58 0.25 0.61 1.55 13
Total 1.3 ± 0.6 0.70 0.25 0.62 0.19 0.87 9.97 43

Mature 1900–1960
Dominant (32.0–49.6 cm) 1.8 ± 0.7 0.65 0.21 0.59 0.39 0.86 6.23 15
Intermediate (21.7–30.6 cm) 1.2 ± 0.5 0.55 0.26 0.60 0.31 0.8 3.91 15
Suppressed (14.1–19.5 cm) 0.9 ± 0.5 0.57 0.32 0.57 0.08 0.37 0.59 11
Total 1.3 ± 0.5 0.56 0.26 0.59 0.2 0.89 7.84 41

Mature 1961–2015
Dominant (32.0–49.6 cm) 2.0 ± 0.6 0.49 0.23 0.70 0.34 0.87 6.87 15
Intermediate (21.7–30.6 cm) 1.2 ± 0.5 0.63 0.26 0.67 0.24 0.79 3.69 15
Suppressed (14.1–19.5 cm) 0.8 ± 0.5 0.81 0.25 0.57 0.19 0.65 1.86 13

Total 1.3 ± 0.6 0.62 0.25 0.64 0.18 0.9 9.44 43

Total
2.1 ± 0.9 0.71 0.24 0.58 0.18 0.94 15.26 126

Fig. 1. The first two principal component scores of the high-fre-
quency variation (residual chronologies) of tree-ring width of
European beech trees of different age/generation (ca. 60 years for
stands Young 1 and Young 2, and ca. 120 years for Mature stand) and
diameter at breast height classes (dominant, intermediate, and sup-
pressed, respectively) for the period of 1972–2015. Line shows the
median, box represents the 1st and 3rd quartile, whiskers mark the
range (not exceeding 150% of interquartile distance) and circles de-
note the outliers of the datasets.
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less sensitive to late summer SPEI, yet they were sensitive to tem-
perature in previous October. Site-specific responses to climatic vari-
ables were apparent. The effect of current July and August temperature
was significant only in the Young 1 stand. Correlations with tempera-
ture and precipitation in previous August, SPEI in previous August and
September, as well as with precipitation in current August were specific
for the Young 2 stand. In this stand, correlations with June tempera-
ture, April precipitation, and SPEI in May were not significant.

The climatic sensitivity of TRW was affected by the DBH class,
particularly in the Mature stand (Fig. 3). Specifically, the suppressed
trees showed significant positive correlations with temperature in the
dormant period and spring (in previous December and current January
and April); the dominant trees showed significant correlation with
temperature in previous July and SPEI in previous September.

Correlation with precipitation in June and SPEI in October was stronger
for the dominant trees and it gradually weakened with decreasing DBH.
In the Young 1 stand, correlations with June precipitation and late
summer SPEI slightly decreased from the dominant to the suppressed
trees. In the Young 2 stand, strength and significance of the correlation
with precipitation in August increased with decreasing DBH. Correla-
tion with temperature in previous July was significant only for the
suppressed trees.

3.3. Temporal changes in sensitivity of tree-ring width to climatic variables

The sets of climatic variables significant for TRW of beech in the
Mature stand have shifted during the 20th century (Fig. 4). All trees,
irrespectively of their DBH class, were sensitive to temperature in

Fig. 2. Residual chronologies (thick lines) of tree-ring width of
European beech trees of different age/generation (ca. 60 years for
stands Young 1 and Young 2, and ca. 120 years for Mature stand)
and diameter at breast height classes (dominant (A), intermediate
(B), and suppressed (C), respectively). Thin lines show sample
depth.

Table 3
Pearson correlation coefficients between the residual chronologies of tree-ring width of beech trees of different age/generation (ca. 60 years for stands Young 1 and Young 2, and ca. 120
years for Mature stand) and diameter at breast height classes (dominant, intermediate, and suppressed, respectively) for the common interval of 1972–2015. The significant correlations
at α= 0.05 are shown in bold.

Young 1 Young 2 Mature

Dominant Intermediate Suppressed Dominant Intermediate Suppressed Dominant Intermediate

Young 1 Intermediate 0.79
Suppressed 0.66 0.59

Young 2 Dominant 0.57 0.47 0.32
Intermediate 0.31 0.36 0.18 0.65
Suppressed 0.10 0.11 0.15 0.54 0.76

Mature Dominant 0.61 0.50 0.36 0.65 0.30 0.31
Intermediate 0.57 0.49 0.34 0.56 0.21 0.21 0.88
Suppressed 0.33 0.36 0.30 0.24 −0.06 −0.01 0.38 0.57
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previous October in the intervals ending before 1960s, although for the
intermediate trees, this factor was also significant in a few intervals
ending after 2000s. Changes in sensitivity to other factors differed by
the DBH classes. For the dominant trees, the effect of June precipitation
(positive) became significant in the intervals ending after 1980s. The
effect of temperature in previous July was significant in the intervals
ending before 1970s and also in the intervals ending after 1998. The
negative effect of precipitation in April became significant in the in-
tervals ending after 1970s; however, it was again non-significant in the
most recent intervals. Similarly, the intermediate trees were sensitive to
precipitation in April in the intervals ending between 1970 and 2010.
The effect of June precipitation intensified in the intervals ending after
1990, yet it was not constantly significant thereafter. Additionally, the
intermediate trees showed increasing effect of June temperature in the
intervals ending after 1980s.

The suppressed trees were sensitive to temperature in previous July
in the intervals ending before 1980. Then, for ca. 25 intervals, none of
the tested factors showed consistent effect (significant correlation in
≥10 intervals), yet the effect of precipitation in September was sig-
nificant in seven of those intervals (not shown). At the later part of the
analysed period (in the intervals ending after 2000), effect of tem-
perature in previous December became significant (Fig. 4). In addition,
during the latter eight intervals, the effect of precipitation in previous
August intensified and became significant (not shown).

4. Discussion

4.1. Variation of tree-ring width

The studied datasets were sufficient to present the regional and
stand level environmental signals in TRW of beech, as the EPS values
calculated for the stands as well as all series (Table 2) exceeded 0.85
(Wigley et al., 1984). The EPS values calculated for the groups were
lower (Table 2), likely due to lower number of trees (Wigley et al.,
1984). The mean sensitivity of TRW in all groups was intermediate
(Table 2) that is sufficient for the climate-growth analysis (Speer,
2010). The TRW of beech contained rather high AC (Table 2), sug-
gesting that radial increment has been influenced by previous growth,
and hence nutrient reserves (Barbaroux and Breda, 2002; Pallardy,
2008), as observed for other species within the region (Jansons et al.,
2016). The GLK values generally exceeded 0.60, suggesting presence of
common tendencies in the variation of TRW (Speer, 2010).

As hypothesised, high-frequency variation of TRW of beech was
affected by size (DBH class) and generation (age) of trees. Stand specific
variation of TRW was indicated by lower r-bar calculated for the entire
dataset compared to the stands (Table 2), differences in the PC scores of
trees (Fig. 1), and correlation structure between the chronologies
(Table 3), supporting the influence of generation and local factors. In
each stand, the TRW patterns of trees were more similar (higher r-bar)
within rather between the distinguished DBH classes (Table 2), likely
due the specifics in physiology of trees of different size and social status
(Carrer and Urbinati, 2004; Genet et al., 2010; Ryan et al., 1997). The
amount of variance explained by the PCs (Fig. 1) suggested that growth
was more affected by generation rather than DBH class, implying rapid
adaptation of the introduced beech (Kreyling et al., 2014). Still, the PC
scores of groups partly overlapped (Fig. 1), suggesting gradual differ-
ences in growth patterns of individual trees within stand/location. This
also explains the decreased EPS values (Wigley et al., 1984) calculated
for the groups (Table 2).

The similarity of TRW patterns differed among stands and groups,
suggesting varying responses to environmental forcing (Lloyd and
Fastie, 2002; Wilmking et al., 2004). The highest diversity of TRW
patterns in the first generation (Mature) stand, as shown by low r-bar
(Table 2) and wide range of PC scores (Fig. 1), might be explained by
unconstrained combination of traits in the freshly transferred re-
productive material, resulting in a broader spectrum of growth patterns
(Aitken et al., 2008). The TRW patterns of the second generation trees
showed higher similarity (Table 2, Fig. 1), likely, due to the natural and
anthropogenic selection of the most appropriate traits/individuals
(Aitken et al., 2008; Kreyling et al., 2014), as hinted by improved
productivity (similar DBH was observed for the younger and older
stands, Table 1). Nevertheless, the TRW patterns were affected by
competition (Piutti and Cescatti, 1997), as r-bar differed by the DBH
classes in each stand (Table 2), yet the effect was modulated by the
generation. In the first generation stand, the dominant trees showed
higher similarity of TRW patterns (Table 2), indicating that the influ-
ence of the climatic variables on increment increased when competition
is reduced (Fritts, 2001). The opposite was observed in the younger
stands (Table 2), presumably due to better adaptation of the second
generation trees to the local climate (Kreyling et al., 2014), when effect
of micro-site conditions on the dominant trees is pronounced (Speer,
2010).

4.2. Sensitivity of tree-ring width to climatic variables

The correlation of PC with climatic variables (January and July
temperature and July precipitation) suggested that sensitivity to water
deficit in summer and temperature in winter distinguished the re-
sponses of trees. Nevertheless, the similarity of chronologies decreased
with DBH class (Table 3), indicating that competition modulated sen-
sitivity of TRW to climatic factors (Fritts, 2001; Piutti and Cescatti,
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Fig. 3. Pearson correlation coefficients (r) calculated between the residual chronologies
of tree-ring width of beech of different age/generation (ca. 60 years for stands Young 1
(A) and Young 2 (B), and ca. 120 years for Mature stand (C)) and diameter at breast
height classes (dominant, intermediate, and suppressed, respectively) and climatic (me-
teorological) factors: monthly mean temperature (T), precipitation (P) and standardized
precipitation-evapotranspiration index (SPEI) for the common interval 1972–2015.
Months in uppercase correspond to the year prior to formation of tree-ring. Asterisks
indicate the significant correlations at α= 0.05. Only the factors showing significant
correlations are plotted.
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1997).

4.2.1. First generation beech
In the first generation (Mature) stand, the differences in sensitivity

to weather conditions among the DBH classes were the most pro-
nounced (Fig. 3), likely due to variable adaptation to local climate
(Kreyling et al., 2014). The TRW of the dominant trees was mainly
influenced by water deficit in June as well as in late summer (Fig. 3).
Beech is a drought-sensitive species (Gessler et al., 2007), hence similar
relationships have been often observed throughout its range (Čufar
et al., 2008; Dittmar et al., 2003; Lebourgeois et al., 2005; Piovesan
et al., 2008). The negative effect of temperature in previous July and
positive effect of water availability (SPEI) in previous September
(Fig. 3) might be explained by the influence of water deficit on for-
mation of nutrient reserves (Barbaroux and Breda, 2002), hence on
early growth in the following year (Pallardy, 2008). Nevertheless, the
effect of these climatic variables has not been stable (Fig. 4), and shifts
over time appear to be primarily caused by changes in climate (Lloyd
and Fastie, 2002; Wilmking et al., 2004). The effect of water deficit has
intensified during the 20th century (Fig. 4), likely in response to
warming, hence increased evapotranspiration and extension of pre-
cipitation-free periods during summer (Avotniece et al., 2010). Still,
this might be also related to ageing (Carrer and Urbinati, 2004).

The suppressed trees in the first generation (Mature) stand were
sensitive to temperature during the dormant period (Fig. 3), as expected
for individuals growing northwards from their natural distribution area,
where low temperatures are often limiting (Fritts, 2001). Apparently,
the suppressed trees had smaller nutrient reserves and lower vigour
(Gerard and Breda, 2014), hence decreased resistance to low tem-
perature likely due to limited production of antifreeze compounds
(Guy, 1990). The intensification of these correlations during the recent
decades (Fig. 4) might imply that the effect was age-related, as the

maintenance costs increase with ageing (Ryan et al., 1997), decreasing
the amount of nutrient reserves (Gerard and Breda, 2014) and vigour
(Pallardy, 2008). Alternatively, this might be related to warming
(Lizuma et al., 2007), when temperature reached certain level to which
growth was responsive (Speer, 2010). The decreasing sensitivity of the
suppressed trees to temperature in previous July (Fig. 4) might be ex-
plained by gradual climate-related shift of limiting factors, when their
individual effects weaken (Briffa et al., 1998).

The correlations with climatic variables in October (Fig. 3), which
indicated responsiveness of trees to weather conditions in autumn,
might be explained by the extension of vegetation period, hence addi-
tional assimilation and/or longer xylogenesis (Walther et al., 2002).
The weakening of the correlation between TRW and previous October
temperature (Fig. 4), likely due to warming (Lizuma et al., 2007),
suggested upcoming alteration in sensitivity to conditions (e.g. water
deficit) in autumn. Nevertheless, the sensitivity of TRW to weather
conditions in autumn (Fig. 4) also suggested susceptibility of growth to
damage from late frosts, which is expected to increase with warming
(Kreyling et al., 2014; Zeps et al., 2017). The negative correlation with
April precipitation and SPEI in May, as observed also in the Young 1
stand (Fig. 3), might be explained by the effect of soil water excess after
snowmelt on root aeration (Alaoui-Sosse et al., 2005; Gessler et al.,
2007). The analysis of moving intervals (Fig. 4) showed that this effect
has intensified since the 1960s, likely due to earlier onset of the active
period (Von Wuehlisch et al., 1995), explaining the responsiveness of
growth to condition in early spring.

4.2.2. Second generation beech
The second generation trees did not show sensitivity to temperature

in the dormant period, but were mainly affected by the water deficit
(Fig. 3), similarly as in the native range of the species (Čufar et al.,
2008; Dittmar et al., 2003; Lebourgeois et al., 2005). In both second

Fig. 4. Pearson correlation coefficients calculated for 30-year
moving intervals between the residual chronologies of tree-ring
width of beech from the Mature stand (age ca. 120 years) of different
diameter classes (dominant (A), intermediate (B), and suppressed
(C), respectively) and climatic (meteorological) factors: monthly
mean temperature (T) and precipitation (P). Thick line represent the
significant correlations at α= 0.05. Months in uppercase correspond
to the year prior to formation of tree-ring. Only the factors showing
significant correlation in ≥10 intervals are shown. Note that the
displayed factors differ among the panels.
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generation stands, TRW was stronger correlated with conditions in
autumn (Fig. 3), indicating sensitivity to length of vegetation season
(Gessler et al., 2007). Nevertheless, site-specific correlations were ob-
served, suggesting effect of local factors, likely via mechanisms con-
trolling increment, as the periods of response (i.e., months with sig-
nificant correlations between TRW and climatic variables) differed. In
the Young 1 stand, TRW was sensitive to conditions during the period of
formation of tree-ring, indicating direct effect of water deficit on as-
similation (Pallardy, 2008) and xylogenesis, as observed in central part
of natural distributing area (Lebourgeois et al., 2005). In the Young 2
site, radial increment, apparently, was more influenced by nutrient
reserves (Barbaroux and Breda, 2002), as TRW was mainly correlated
with climatic variables of preceding summer (Fig. 3).

The effect of DBH on climatic sensitivity of the second generation
beech was weaker (similar sets of factors were observed) than in the
older stand (Fig. 3), likely due to genetic constants imposed by the
selection (Aitken et al., 2008; Kreyling et al., 2014). In both stands the
dominant trees were more sensitive to June precipitation, likely due to
higher water demand (Genet et al., 2010; Granier et al., 2000; Ryan
et al., 1997). In addition, the effect of this factor was age-dependent, as
considerably higher correlation was observed in the first generation
stand (Fig. 3), as expected for older trees (Carrer and Urbinati, 2004).
The dominant trees from the Young 1 stand were also more sensitive to
late summer water deficit (Fig. 3). The opposite was observed in Young
2 stand (e.g. suppressed trees were more sensitive to precipitation in
August, Fig. 3), suggesting that trees have been competing for water
(Orwig and Abrams, 1997).

5. Conclusions

The sensitivity of European beech in the northeasternmost stands
was affected by the generation of trees, likely due to the natural and
anthropogenic selection. The productivity and prevailing sensitivity of
the second generation trees to water deficit in summer rather than
winter temperature, indicated adaptation of the population to winter
conditions. Hence, cold damage already appear non-limiting for
growth, suggesting potential for a wider application of the species
within the region. Still, the observed climate-growth relationships
suggested that the second generation trees had extended growing
period, thus increased risk of damage by early frosts. The sensitivity of
growth to weather conditions, particularly to those related to water
deficit, was increased by ageing, and was stronger for the dominant
(largest) trees, likely due to larger canopy, hence more intensive tran-
spiration. Considering the regional changes of climate and ageing of
trees, the effect of water deficit is expected to intensify in future, hence
careful selection of sites/regions with appropriate hydrological condi-
tions, apparently, is becoming the main issue for maintaining pro-
ductivity of future beech stands outside their natural distribution range.
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1  I nt ro d u ct i o n

Climatic changes cause shifts in distribution of tree species (Walther et al. 2002; Kullman 2008) 
and affect forest productivity (Lindner et al. 2010). Although warming of climate might increase 
productivity of boreal forests (Lindner et al. 2010), changes in forest composition are also pre-
dicted (H ickler et al. 2012). In this regard, adjustments in forest management practices are crucial 
to ensure sustainable forestry. One such adjustment may be the introduction of novel species, 
however, their ecological demands, i.e. climatic limitation of growth, should be comprehensively 
evaluated. Detailed information on climate-growth relationships can be obtained via dendrochro-
nological analysis, especially for trees growing close to their natural distribution limit or outside 
of it (Fritts 2001; Vetaas 2002).

In Latvia, European beech (F ag us sylvatica L.) and European larch (Larix decidua Mill.) 
occur northwards from their natural distribution area (Bolte et al. 2007; EU FORGEN 2009) and 
cover 43 and 1139 ha of forestlands, respectively; both of these species are productive (Dreima-
nis	1995).	Although	Zarming	of	climate	appears	Eene¿cial	for	groZth	of	these	species	in	/atvia	
(H ickler et al. 2012), the effect of climatic variables might still be substantial (Fritts 2001). The 
aim of this study was to assess the relationships between climatic variables and tree-ring width 
(TRW) of larch and beech in western Latvia. We hypothesized that winter-spring temperature has 
been limiting TRW, but that these effects have weakened during the 20th century.

2  M a t eri a l  a nd  m et h o d s

2 . 1  S t u d y  a rea ,  sa m p l i ng  a nd  m ea su rem ent s

European larch and European beech growing in western Latvia in even-aged plantations near 
Auce (56° 31´ N, 22° 56´ E, 50 m a.s.l.) and Kaleti (56° 21´ N, 21° 29´ E, 80 m a.s.l.), respectively, 
were studied. North-eastern Germany is considered as the area of origin for both species. Mean 
dimensions	of	the	studied	trees	are	shoZn	in	TaEle	1.	3lantations	Zere	situated	on	Àat	terrain	on	
fertile, well-drained clayey soils. Climate in the study areas is mild: mean annual temperature is 
ca.+ 6.1 ° C, July is the warmest month with a mean temperature ca. + 16 ° C, and January is the 
coldest month with a mean temperature ca. –3.6 ° C. The period when the mean daily temperature 
exceeds +  5 ° C is ca. 185 days. Annual precipitation sum is ca. 560 and ca. 750 mm in the Auce 
and Kaleti sites, respectively. Most of the precipitation falls during summer. Climatic changes are 
reÀected	as	an	increase	of	temperature	in	the	dormant	period	and	spring,	during	the	20th	century,	
mean November–April temperature has increased by 0.83 and 1.10 ° C in Kaleti and Auce, respec-
tively,	and	an	intensi¿cation	of	heat	and	drought	events	(Avotniece	et	al.	2010).

In the studied sites, visually healthy, dominant trees, 22 larches and 9 beeches, were cored 
at breast height. Two samples per tree from opposite sides of stem were collected using a Pressler 
corer.	,n	the	laEoratory,	air-dried	cores	Zere	¿xed	and	gradually	grinded	(sandpaper	roughness	100,	
150, 250 and 400 grains per inch). Tree-ring width was measured using the LINTAB 5 (RinnTECH , 
H eidelberg, Germany) measurement system with precision of 0.01 mm.

2 . 2  D a t a  a na l y si s

Time series of TRW were cross-dated and their q uality was checked graphically and using the 
program COFECH A (Grissino-Mayer 2001). Mean time series of TRW for trees were produced 
and rechecked. Residual chronologies of TRW were produced using the program ARSTAN (Cook 
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and H olmes 1986); double detrending with negative exponential curve, cubic-spline with 128-
year wavelength and autoregressive modelling were used. Statistics of datasets were calculated 
using	liErary	³dplR´	in	R	(%unn	2008).	Chronologies	Zere	compared	using	the	*leichllu¿gNeit	
(*/K)	and	3earson	correlation	coef¿cients.	*ridded	climatic	data:	mean	monthly	temperature	and	
precipitation sums were obtained from the Climatic Research U nit (Jones et al. 1999) for points 
closest to the sites. The effect of climatic variables on TRW was assessed by bootstrapped Pearson 
correlation and response function analysis using the program DendroClim2002 (Biondi and Waikul 
2004) for the whole chronologies and by 40-year moving intervals. Time windows from June of 
the preceding year to October of the current year were used for climatic data.

3  Resu l t s

Most of the measured time series of TRW (Fig. 1 A,B) were maintained for production of the 
chronologies. Time series of TRW showed good agreement as EPS were above 0.85 and interseries 
correlation	Zere	aEove	0.�0	(TaEle	1),	thus	con¿rming	the	validity	of	datasets.	Considering	that	
autocorrelation was high (Table 1), residual chronologies were produced (Fig. 1 C). Chronologies 
Zere	synchronous,	as	*/K	Zas	0.59,	Eut	the	correlation	coef¿cient	EetZeen	them	Zas	rather	loZ	
(r =  0.27, p-value =  0.03). Common decreases of TRW were observed in 1979, 1992, 1995, 1998, 
2006 and 2008, and common increases were observed in 1957, 1978 and 1994 (Fig. 2 C).

The	estaElished	chronologies	shoZed	signi¿cant	correlation	(_r_	<	0.41)	and/or	response	func-
tion with seven of the tested 34 climatic variables, when the entire periods were analysed (Fig. 2). 
Tree-ring width of beech was mainly affected by temperature in the previous July and August 
as	suggested	Ey	the	signi¿cance	of	Eoth	coef¿cients.	Temperature	in	the	previous	OctoEer	and	
current	0ay	also	shoZed	a	signi¿cant	effect	on	TR:	of	Eeech.	The	analysis	of	moving	intervals	
showed (Fig. 3 A,B) that temperature in the previous August has had a stable effect throughout 

T a b l e 1 .  Mean dimensions of sampled trees and statistics of TRW (tree-ring width) datasets: 
numEer	of	measured	and	crossdated	time-series�	range,	agreement	(interseries	correlation,	¿rst	
order	 autocorrelation,	 */K	 (*leichllu¿gNeit)	 and	 E36	 (expressed	 population	 signal))	 and	
mean sensitivity of crossdated tree time-series of beech and larch.

Beech Larch

Studied period 1949–2012 1911–2012
Number of samples 18 44
Number of crossdated samples 18 38
Number of crossdated trees 9 20
Mean tree height, m 28.3 32.2
Standard deviation of tree height, m 4.26 3.17
Mean tree diameter at breast height, cm 41.5 48.7
Standard deviation of diameter at breast height, cm 6.3 10.7
Min TRW, mm 0.30 0.23
Max TRW, mm 6.63 13.22
Mean TRW, mm 2.80 2.40
Standard deviation of TRW, mm 1.01 1.62
Interseries correlation 0.69 0.60
First order autocorrelation 0.61 0.76
Mean sensitivity 0.22 0.29
GLK 0.70 0.64
EPS 0.88 0.91
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the	analysed	period,	Zhile	the	effect	of	precipitation	in	the	previous	-uly	has	Eecome	signi¿cant	
in	moving	intervals	after	19�0±2000.	3recipitation	in	)eEruary	and	0ay	has	Eeen	signi¿cant	for	
TRW in the mid part of the analysed period (Fig. 3 A,B).

When the entire larch chronology was analysed, temperature in the previous September and 
current June and precipitation in July were the main limiting variables for TRW (Fig. 2 B), as sug-
gested	Ey	correlation	and	response	coef¿cients,	although	coef¿cient	values	Zere	loZer	compared	to	
beech (Fig. 2 A). Nevertheless, TRW of larch was also correlated with temperature in the previous 
-uly	and	August,	similarly	to	Eeech	()ig.	2	A).	Changes	in	the	set	of	the	signi¿cant	climatic	vari-
ables were observed during the 20th century (Fig. 3 C,D). The effect of summer precipitation has 
Eeen	signi¿cant	for	larch	until	the	mid-part	of	the	20th	century.	The	effect	of	temperature	in	the	
previous	-uly,	August	and	particularly	6eptemEer	has	Eecome	signi¿cant	or	intensi¿ed	in	moving	
intervals after about 1950–1990. Precipitation in the current May and temperature in April have 
Eeen	signi¿cant	for	TR:	in	several	intervals,	Zhen	the	trees	Zere	younger.

F i g .  1 .  Crossdated time series of TRW of beech (A) and larch (B), residual chronologies (C) and sample 
depth (D) (in C and D, green line represents beech and red line represents larch).
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F i g .  3 .  6igni¿cant	 (p-value	<	0.05)	 3earson	 correlation	 and	 response	 function	 coef-
¿cients	EetZeen	climatic	variaEles:	mean	monthly	 temperature	 (T)	and	precipitation	
sums (P) and residual chronologies of beech TRW (A and B, respectively) and larch 
(C and D, respectively) calculated for 40-year moving intervals. Months in uppercase 
correspond to the year prior to tree-ring formation (t–1). Dots represent negative coef-
¿cient	values.	1ote	that	length	of	the	analysed	chronologies	differs	EetZeen	species.

F i g .  2 .  6igni¿cant	(p-value	<	0.05)	3earson	correlation	(ElacN	Ears)	and	response	function	(grey	Ears)	coef¿cients	Ee-
tween climatic variables: mean monthly temperature (T) and precipitation sums (P) and residual chronologies of beech 
(A) and larch (B) TRW, calculated using data for whole period (1911–2012 for larch and 1949–2012 for beech). Months 
in uppercase correspond to the year prior to tree-ring formation (t–1).
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4  D i scu ssi o n

Good agreement of TRW time series, as shown by EPS >  0.85 and interseries correlation >  0.60 
(Table 1), suggested presence of environmental signals in TRW of both species (Wigley et al. 
1984). The synchrony between chronologies suggested that both species reacted to similar envi-
ronmental events; however, a different intensity of reaction was suggested by low correlation 
between chronologies. The observed signature years (Fig. 2 C) coincided with climate-related 
pointer	years	oEserved	for	larch	in	/ithuania	(Vitas	and	Žeimavičius	2010)	or	Eeech	in	Central	
Europe (Dittmar et al. 2003). Although both species occurred outside their natural range (Bolte et 
al.	2007�	E8)OR*E1	2009),	a	signi¿cant	Eut	non-drastic	effect	of	the	tested	climatic	variaEles	
on	TR:	Zas	suggested	Ey	intermediate	correlation/response	coef¿cients	()ig.	2).

Drought related variables generally controlled TRW of both species, as suggested by the 
negative effect of summer temperature and positive effect of summer precipitation (Fig. 2), as was 
previously observed in Central Europe (Oleksyn and Fritts 1991; Dittmar et al. 2003). Growth 
of deciduous trees is partially dependent on nutrient reserves, which are formed at the end of the 
vegetative period (Barbaroux and Breda 2002; Sudachkova et al. 2004), thus, explaining the effect 
of	climatic	conditions	in	the	preceding	year	()ig.	2).	+oZever,	response	function	coef¿cients	sug-
gested that climatic conditions in the previous year had stronger effect on beech than on larch. 
OEserved	changes	in	TR:-climate	relationships	and	the	intensi¿cation	of	the	effect	of	drought-
related variables, (Fig. 3) might be explained by warming or alternatively by aging of trees (Carrer 
and U rbinati 2004). The positive effect of April/May temperature was also observed (Fig. 2), but 
apparently, it had likely weakened since the 1950s (Fig. 3).

5  C o ncl u si o ns

Tree-ring width of larch and beech in western Latvia was not narrow (suppressed), suggesting 
suitability of growth conditions. Climate-TRW analysis suggested that increment was generally 
limited by climatic variables related to summer drought; a negative effect of temperature and posi-
tive effect of precipitation was observed. The expected effect of winter-spring temperature has lost 
signi¿cance,	suggesting	successful	acclimation	of	the	studied	trees	in	stands	groZing	northZards	
from their natural distribution.

A ck no w l ed g em ent s

The study was funded by Forest Competence Centre (ERAF) project “ Methods and technologies 
for increasing forest capital value”  (No. L-KC-11-0004) and Latvian Council of Sciences project 
“ Adaptive capacity of forest trees and possibilities to improve it”  (No 454/2012). We also acknowl-
edge	KƗrlis	TauNačã	and	-uris	KalniƼã	for	help	during	the	sampling	and	'id]is	Elferts,	Zho	helped	
with arrangement of climatic data.



7

Silva Fennica vol. 49 no. 1 article id 1255 · Jansons et al. · Relationships between climatic variables and tree-ring width…

References

Avotniece	=.,	Rodinov	V.,	/i]uma	/.,	%riede	A.,	KƺaviƼã	0.	(2010).	Trends	in	freTuency	of	extreme	
climate events in Latvia. Baltica 23: 135–148.

Barbaroux C., Breda N. (2002). Contrasting distribution and seasonal dynamics of carbohydrate 
reserves in stem wood of adult ring-porous sessile oak and diffuse-porous beech trees. Tree 
Physiology 22: 1201–1210. http://dx.doi.org/10.1093/treephys/22.17.1201.

Biondi F., Waikul K. (2004). DENDROCLIM2002: a C+ +  program for statistical calibration of 
climate signals in tree ring chronologies. Computers and Geosciences 30: 303–311. http://
dx.doi.org/10.1016/j.cageo.2003.11.004.

Bolte A., Czajkowski T., Kompa T. (2007). The north-eastern distribution range of European beech 
– a review. Forestry 80: 413–429. http://dx.doi.org/10.1093/forestry/cpm028.

Bunn A.G. (2008). A dendrochronology program library in R (dplR). Dendrochronologia 26: 
115–124. http://dx.doi.org/10.1016/j.dendro.2008.01.002.

Carrer M., U rbinati C. (2004). Age-dependent tree-ring growth response to climate in Larix decidua 
and Pinus cembra. Ecology 85: 730–740. http://dx.doi.org/10.1890/02-0478.

Cook E.R., H olmes R.L. (1986). Guide for computer program ARSTAN. In: H olmes R.L., Adams 
R.K., Fritts H .C. (eds.). Tree-ring chronologies of Western North America: California, eastern 
Oregon and northern Great Basin. U niversity of Arizona, Tucson. p. 50–65.

Dittmar C., Z ech W., Elling W. (2003). Growth variation of common beech ( F ag us sylvatica 
L.) under different climatic and environmental conditions in Europe – a dendrochronologi-
cal study. Forest Ecology and Management 173: 63–78. http://dx.doi.org/10.1016/S0378-
1127(01)00816-7.

'reimanis	A.	(1995).	>The	Eeech	and	the	larch-tree	in	6hNede	forestry@.	'iåsNƗEardis	un	lapegle	
âƷƝdes	meåniecƯEƗ.	,n:	)orestry	education	75th	anniversary	conference	proceedings	of	/atvia	
U niversity of Agriculture. p. 94–97.

EU FORGEN (2009). Distribution maps. http://www.euforgen.org/distribution-maps/. [ Cited 1 
Jan 2014] .

Fritts H .C. (2001). Tree-rings and climate. The Blackburn Press, Caldwell. 582 p.
Grissino-Mayer H .D. (2001). Evaluating crossdating accuracy: a manual and tutorial for the com-

puter program COFECH A. Tree-Ring Research 57: 205–221.
H ickler T., Vohland K., Feehan J., Miller P.A., Smith B., Costa L., Giesecke T., Fronzek S., Carter 

T.R., Cramer W., Kü hn I., Sykes M.T. (2012). Projecting the future distribution of European 
potential natural vegetation zones with a generalized, tree species-based dynamic vegeta-
tion model. Global Ecology and Biogeography 21: 50–63. http://dx.doi.org/10.1111/j.1466-
8238.2010.00613.x.

Jones P.D., New M., Parker D.E., Martin S., Rigor I.G. (1999). Surface air temperature and 
its variations over the last 150 years. Reviews of Geophysics 37: 173–199. http://dx.doi.
org/10.1029/1999RG900002.

Kullman L. (2008). Thermophilic tree species reinvade subalpine Sweden – early responses to 
anomalous late H olocene climate warming. Arctic Antarctic and Alpine Research 40: 104–110. 
http://dx.doi.org/10.1657/1523-0430 (06-120)[ KU LLMAN] 2.0.CO;2.

Lindner M., Maroschek M. et al. (2010). Climate change impacts, adaptive capacity, and vulner-
ability of European forest ecosystems. Forest Ecology and Management 259: 698–709. http://
dx.doi.org/10.1016/j.foreco.2009.09.023.

/i]uma	/.,	KƺaviƼã	0.,	%riede	A.,	Rodinovs	V.	(2007).	/ong-term	changes	of	air	temperature	in	
/atvia.	,n:	KƺaviƼã	0.	(ed.).	Climate	change	in	/atvia.	8niversity	of	/atvia,	Riga.	p.	11±20.

OleNsyn	-.,	)ritts	+.C.	(1991).	,nÀuence	of	climatic	factors	upon	tree	rings	of	Larix decidua and L. 



8

Silva Fennica vol. 49 no. 1 article id 1255 · Jansons et al. · Relationships between climatic variables and tree-ring width…

decidua × L. kaempferi from Pulawy, Poland. Trees-Structure and Function 5: 75–82. http://
dx.doi.org/10.1007/BF00227488.

Sudachkova N.E., Milyutina I.L., Romanova L.I., Semenova G.P. (2004). The annual dynamics of 
reserve compounds and hydrolytic enzymes activity in the tissues of Pinus sylvestris L. and 
Larix sibirica Ledeb. Eurasian Journal of Forest Research 7: 1–10.

Vetaas O.R. (2002). Realized and potential climate niches: a comparison of four Rhododen-
dron tree species. Journal of Biogeography 24: 545–554. http://dx.doi.org/10.1046/j.1365-
2699.2002.00694.x.

Vitas	A.,	Žeimavičius	K.	(2010).	Regional	tree-ring	chronology	of	European	larch	(Larix decidua 
Mill.) in Lithuania. Baltic Forestry 16: 187–193.

Walther G.R., Post E. et al. (2002). Ecological response to recent climate change. Nature 416: 
389–395. http://dx.doi.org/10.1038/416389a.

Wigley T.M.L., Briffa K.R., Jones P.D. (1984). On the average value of correlated time series, with 
applications in dendroclimatology and hydrometeorology. Journal of Climate and Applied 
Meteorology 23: 201–213. http://dx.doi.org/10.1175/1520-0450(1984)023<0201:OTAVOC>	
2.0.CO;2.

Total of 23 references




