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Region

Yatsugatake Mt., Japonsko
Honshu, Japonsko

Po ana, Slovensko
Hokkaido, Japonsko

Hruby Jesenik, R

Sumava, R

Ji ni Finsko, Finsko
Hokkaido, Japonsko

Alberta, Kanada

Tionesta, Pennsylvania, USA
Honshu, Japonsko

Swedish Lapland, Svédsko
Babia Goéra a Tatra, Polsko
Sumava, R

Sumava, R

Kenai Peninsula, Alaska, USA
Hruby Jesenik, R

Babia Gora, Polsko

Oravské Beskydy, Slovensko
Hokkaido, Japonsko
Sumava, R

Hokkaido, Japonsko
Hokkaido, Japonsko
Sumava, R

British Columbia, Kanada
Kenai Peninsula, Alaska, USA
Mt. Ontake, Japonsko
Yatsugatake Mt., Japonsko
Hokkaido, Japonsko
Hokkaido, Japonsko
Hokkaido, Japonsko

Yatsugatake Mt., Japonsko

Typ lesa
subalpinsky
subalpinsky
subalpinsky
borealni
subalpinsky
subalpinsky
borealni
subalpinsky
borealni
pahorkatinny
subalpinsky
borealni
subalpinsky
subalpinsky
subalpinsky
borealni
subalpinsky
horsky smiseny
subalpinsky
subalpinsky
subalpinsky
borealni
horsky smiSeny
subalpinsky
subalpinsky
borealni
subalpinsky
subalpinsky
subalpinsky
subalpinsky
subborealni
subalpinsky

Sra ky (mm)
1750
1100
1300
1400
1500
700

1070

700

1600
1350
1300
780

1400
1400
1600
1500
1140
1300
1390
1300
910

2500
1750
1300
1300
1350

1750

Teplota (T)
2.0
3.7
5.0
3.0
4.0
3.5

8.0
0.0
3.3
3.8
4.0
3.0
4.0
2.0
4.3
5.0
3.1
4.0
1.2
35
2.0
5.1
5.1
4.4

2.0

Podrostni
vegetace

husta
idka
variabilni
husta
variabilni
idka
variabilni
variabilni
idka
variabilni
variabilni
variabilni
variabilni
variabilni
husta
variabilni
husta
variabilni
variabilni
husta
idka
idka
husta
husta
husta

husta

Exploatace
d eva

ne
ne
ne
ne
aste n
aste n
ne
ne
ne
ne
ne
ne
ne
aste n
aste n
ne
aste n
ne
ne
ne
aste n
ne
aste n
aste n
ne
ne
ne
ne
ne
ne
aste n

ne

D evina

Tsuga diversifolia
Tsuga diversifolia
Picea abies
Picea glehnii
Picea abies
Picea abies
Picea abies
Picea glehnii
Picea glauca
Tsuga canadensis
Tsuga diversifolia
Picea abies
Picea abies
Picea abies
Picea abies
Picea glauca, P.xlutzii
Picea abies
Picea abies
Picea abies
Picea glehnii
Picea abies
Picea jezoensis
Picea glehnii
Picea abies
Picea engelmanii
Picea glauca
Picea jezoensis
Picea jezoensis
Picea glehnii
Picea jezoensis
Picea jezoensis

Picea jezoensis

%
nad ev
0-31
8-29
17 -32
18-32
29
17 - 43
31
0-62
32

34
24 - 45
40

43
20-70
49

56

59

61

61

62

41 -94
59 - 77
63 - 96
74 - 86
85 -93
95

96

98
100
100
100

100

VysSiho zml.
jenad ev :

mén
mén
vice
vice
vice

pouze na d ev
pouze na d ev
pouze na d ev

pouze na d ev

Reference

Narukawa et al. 2003
Sugita & Nagaike 2005
Holeksa et al. 2007
Narukawa et al. 2003
Kotrla et al. 2005
Jonasova & Prach 2004
Kuuluvainen & Kalmari 2003
Takahashi 1997

Lieffers et al. 1995
Krueger & Peterson 2006
Sugita & Tani 2001
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Husnik 2007

Boggs et al. 2008
Martinkova 2008
Szewczyk & Szwagrzyk 1996
Vor ak et al. 2006
Takahashi 1994

Bedna ik 2009

Narukawa et al. 2003
Noguchi & Yoshida 2004
Zenahlikova 2008

Parish & Antos 2005
Davis et al. 2000

Mori et al. 2004
Narukawa & Yamamoto 2002
Takahashi et al. 2000
Takahashi et al. 2000
Nakagawa et al. 2001

Narukawa et al. 2003
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Mikrostanovist - popis

- ur eni % pokryti plochy
1. PAHYL - zbytek po odlomeni stojici souSe, pa ez, tali vyvratu

- sou et obsahu kruh , p edstavujici pahyly, m en pr m r pahyl
2. LE [CI KMEN - le ici tlejici kmeny vSech stadii rozpadu

-sou etobsah lichob nik , p edstavujicich kmeny, m ena délka a pr m ry na obou koncich
3. PATA - nejbli §i okoli kmenu ivého stromu i souSe

- sou et mezikru i, p edstavujicich okoli stojich kmen , m en DBH, plocha mezikrui spo tena

jako rozdil obsah vn j§iho kruhu o pr m ru 3,6*DBH a vnit niho o pr m ru 1,2*DBH
4. HRABANKA - povrch bez vegetace, tvo eny p evan ze smrkového opadu

- redukce odhadovaného zastoupeni nepokryto (= 100% - pokryvnost v %)
5. TRAVY - Avenella flexousa + Luzula sylvatica + Calamagrostis villosa

- redukce sou tu odhadovaného zastoupeni t chto druh
6. BOR VKA - Vaccinium myrtillus

7. MECHOROSTY

8. KAPRA OROSTY

- redukce odhadovaného zastoupeni druhu

- vSechny druhy mechorost , v etn raSelinik
- redukce odhadovaného zastoupeni mech a raselinik

- Athyrium distentifolium + Dryopteris dilatata
- redukce sou tu odhadovaného zastoupeni t chto druh
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Charakteristika

Stadium rozkladu

Pokryti k rou
Naru$eni povrchu d eva

Dotyk se zemi

Zakryti postr. vegetaci

Armillaria spp.
Phellinus nigrolimitatus
Ostatni bila hniloba
Fomitopsis pinicola
Ostatni hn dé& hniloba
P i ina smrti stromu
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Popis

Stadium rozkladu na p ti lenné stupnici podle Sippola & Renvall (1999) za pomoci ocelového bodce
(délky 20 cm a maximalniho pr m ru 7 mm):
1-zcelavk e, alespo misty ivé lyko, bodec (n ) do hloubky max. 0,5 cm

2 -d evo tvrdé - hloubka 1 - 2 cm, v tSina k ry zachovala, ale 4dné erstvé lyko

3 - devo aste n rozloené (zvenku nebo uvnit ) - hloubka 3-5 cm, velké kusy k ry obvykle
uvoln néa bezk ry

4 - v tSina d eva m kka — celd epel (15 - 20 cm) pronikéa do d eva (b li), obvykle bez k ry, asti
d eva odpadlé (n kde m ez stavat jen tvrdSi vnit ek — souhlasi s 5. stupn m rozkladu b i)

5- d evo velmi m kké (rozpadava se, kdy je zvedano) a kopiruje teré n, kmen pokryty terestrickymi
mechorosty a liSejniky nebo jim za ina pror stat vegetace

Pokryti celého povrchu kmene k rovou v procentech

Rozklad povrchové astib li (1-6):

1 —pod k rou nebo bez naruseni

2 — praskliny (poruseni do 6 %)

3 — misty za ind odpadéavat (poruseni kolem 10% povrchu kmene)
4 — 35 % povrchu b li odpadlo

5—-36 — 75 % povrchu odpadlo

6 — vrchni vrstva b li dlouho chybi

Dotyk se zemi (1 — 4):

1-nazemileimén ne Y. délky kmene,

2 -nazemimén ne Y délky

3 —nazemimén ne ¥ délky

4 — na zemi vic ne ¥ délky

Plocha povrchu kmene shora zakryta postranni vegetaci (1 — 4):
1-do5%

2 —mezi 6 a 25%

3 — Mezi 26 a 50%

4 — vice ne polovina povrchu kmene zakryta

P itomnost Armillaria spp. (hniloba a/nebo rizomorfy)

P itomnost Phellinus nigrolimitatus

P itomnost ostatnich druh zp sobujicich bilou hnilobu

P itomnost Fomitopsis pinicola

P itomnost ostatnich druh zp sobujicich hn dou hnilobu

P i ina smrti stromu:

Lyko rout — jestli e se kmen odum el ve skupin ostatnich dosp lych strom (tzv. k rovcové oko)

Kompetice — jestlie kmen pochazi z odum elého stromu poddrov ového a/nebo potla eného
ostatnimi vitaln jSimi stromy

Ko enova hniloba — jestlie se plodnice a/nebo typicka hniloba parazitického druhu nachazela u
baze kmenu a jeho pahylu

Vitr — vyvrat s ko enovym valem, korunovy i kmenovy zlom

Neur eno —jestlie p i ina smrti nebyla z ejméa
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Vliv mikrostanovist! a horniho stromového patra na
stav p"irozené obnovy v horském smrkovém lese na
Trojmezné

Effect of microsite and upper tree layer on natural regeneration
in the mountain spruce forest stand Trojmezna
(Sumava National Park)

Radek Bale*, Pavel Janda & Miroslav Svoboda

Katedra p!stovani lesa, Fakulta lesnicka a d"eva“ska, #eska zeskd!univerzita,
Kamycka 1176, CZ-16521 Praha, #eska republika
*bace@%$d.czu.cz

Abstract

Quantitative and qualitative features of natural regdimerao-determine a post-disturbance development
of the forest stand. The aim of our study was to analyze theditaatural regeneration of Norway spruce
(Picea abiesand rowan$orbus aucuparigin the mountain spruce old-growth forest Trojmezna (Sumava
National Park), where the bark beetle outbreak is curremilyagress. The inventory of the stand, coarse
woody debris, regeneration and coverage of particulat pfzeties were analyzed on two plots (100x100
m). The height class, terminal shoot length and type of sitewere identiled for all individuals of the
regeneration. Mean spruce seedlings density was #glddduals (height <50 cm) per hectare. Saplings
density was 1111 (spruce, 50-200 cm) and 254 (rowan, 30—20@diniduals per hectare. Spruce regen-
eration occurred mainly on lying logs (38%), on stumps (15%¢),reear the base of living mature trees or
snags (22%). In addition, the rate of saplings gngnon microsites of the herb species is signilcantl
smaller than that of seedlings. Rowan has ability to eskaitdis|f in the smaller plant vegetation, but can-
not do this in an area of high fern. Mature treeabésm more numerous establishments of seedlings, but
considerably limit their growth.

Key wordsPicea abiesSorbus aucupariaseedlings, saplings, light availability

Uvob

Obnova smrku v horskych lesich byva diky drsn"jSiimktickym vliv#m $idSi a mén"
pravidelnd MicHaL 1983). Se stoupajici nadmo$skou vysSkou klesaiitten frekvence
semennych rok#Mencuccini et al. 1995). Snizuje se kli&ivost smrkového semeameho
alespo' klesa jeho energie kli&emlicHaL 1983). Proto klesa hustota zmlazeni smrku s
nar#stem nadmo$ské vysky o 200 m zhruba o jedevedétbch stadiich dynamiky lesa
(Vor Ak et al. 2006). Struktura zmlazeni se stava s restmadmoS$skou vyskou vice hlou&-
kovitou (MicHAL 1983). Také se vyrazn" snizuje rychlost r#stu zmlazeni @i hranice
lesa dosahuji smrky vySky 1,3 m az ve v'ku 40 i WtéVacek 1981). Rovn"zZ hustota zmla-
zeni je$abu klesa velmi vyraziW/dr Ak et al. 2006). Proto po intenzivnich disturbancich,
jakymi jsou nap$iklad lykoZroutem smrkovym zp#solmhém$eni dosp”lych strom# nebo
vich$ice, mohou vznikat obavy, zda se naruSené porostyiahizda budou i nadéle plnit
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vSechny své funkce. Po naruSeni je pak pro dalSi vyvoj lebadujici jednak po&etnost a
rozmist"ni p$ed disturbanci se uchytiviiho zmlazeni alenenzita a frekvence dopadu
novych semen, jejich kli&eni a uchycovani v drsnych honsggdminkachRammic et al.
2006).

Mezi nej&ast"ji zkoumané ekologické faktory s vymmgm dopadem na vyskyt a r#st
zmlazeni v horskych lesich st$edni Evropy pat#iédidifizni sv'tlo, pr#b"h teploty a
srazek b"hem celého roku, trvani sn"hové pokryvkynnincHAaM et al. 2006), pokryti
jednotlivymi druhy bylinného patra a s nim souvisddjbusS*ka surového nadlozniho humu-
su BaIEr et al. 2007) a rozsah ostatnich typ# mikrostarfoldSnasoval & PracH! 2004,
HoLeksa et al. 2006 MoTTA et al. 2006Baier et al. 2007), z nichZ byva nejvyznamn"jSi
mrtvé d$evo. Prosp"Snost mrtvého d$eva pro uchycetst semena&k# rodRiceabyla
popsana v horskych smrkovych lesich st$edni Evidopypdoval&!PracH!2004,HoLEksA et
al. 2006,Vor Ak et al.2006), v boredlnich lesicHdrcaarp 1993), v horskych smiSenych
lesich Baler et al. 2007) i v jinych typech les# celého sv'taNspaLE et al. 2008). Podil
zmlazeni rostouciho na mrtvém d$ev" je v'tSinounamny a se stoupajici nadmo$skou
vySkou se zvySujelgnasoval2001,Hoteksalet al.2006. Oproti smrku souvisi vyskyt je$abu
se zp#sobem chovani ptak# z &eledi drozdovity@d®hiktajiS*uji distribuci jeho semen
(Zywiec!&!LebwonNl2008). Zasadni vliv na zmlazovani je$abu ma ovsé&imkaenkurence
bylinné vegetaceHoLeksal&!Zywiec!2005). Kompeti&ni tlak bylin je na mrtvém d$ev" niz-
Si (ZIELOoNKA!&!PIaTEK!2004), proto by mrtvé d$evo mohlo byt vhodnym subestnd pro
zmlazovani je$abu. Po celém sv't" totiz byla jdesitek listnatych druh# d$evin prokazana
vyhodnost mrtvého d$eva pro vyskyt a odr#stani zemaBEeLLINGHAM ! &! RICHARDSON!
2006,!LonspaLElet al!200§ a navic maji siln"jSi vazbu ke zmlazovani na rénivd$ev"
d$eviny s mensSimi semerlyuéx!1995,!GirisTIEI&!A RMESTA2003,!MoRI et al!2004.

P$i hledani vhodného managementu vice & mén" p$irozesnpstitphorskych smr&in
panuji zna&n" rozdilné nazory. +asto je poukazovano na trestypouziti um"lé obnovy
(nap$Vicenal2004), nebo je naopak po&etnost p$irozené obnovy pavsa za dostate&nou
(nap$HvyNek 2005). Je také zmi'ovan nedostatek mrtvého d$eva, ktedamasledek niz-
Si hustotu p$irozené obnow ¢tTa et al. 2006), nebo se naopak vyskytuje nazor, ze mrtvé
d$evo neni vhodnym substratem pro zmlazeni (Vag$iA!2004). Proto jsme se zam"$ili
na vliv mrtvého d$eva na zmlazeni v p$irodnim lese.

Cilem naSi studie bylo zjistit, jaka je hustota, druhoviesiba prostorova struktura je-
dinc# zmlazeni ve vztahu k mikrostanovistim a dosp"lymnsthm v p$irodnim horském
smrkovém lese na Trojmezné.

M ETODIKA

Lokalita a vyzkumné plochy

Zajmova oblast se nachéazi v jihovychodni &asti Narodnitka Bumava na Gzemi |. zony
Trojmeznd. Pr#m"rné ro&ni teplota zde v'tSinou nep$esdlt@, ro&ni thrn srazek p$esa-
huje 1200 mm. Podlozi tvo$i sv"tla dvojslidna hrubozrnié (KorA Ex et al. 2001). Nej-
&ast"jSi p#dni typ je humuso-zelezity podzol, p#dy jsauitbpis&ité, skeletovité, s ostr#v-
ky Zulovych monolit# Novak et al. 1999). P$evaZujici humusova forma je hemimor, mén"
zastoupené jsou humimor a resimsragopa 2003).

Pod hrani&nim h$ebenem mezi vrcholy Trojmezna a li&skobyly umist"ny dv" &tver-
cové (100x100 m) trvalé vyzkumné plochy (TVP1; TYPRlochy maji p$iblizn" severni
expozici se sklonem do 10° a st$edni nadmo$skou vyskou 126P1) a 1225 m (TVP2).
Plochy byly umist"ny na spodni &asti prvniho d@h$dransektu z pracaosopa!&!Pouska
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(2008), kde p$edpokladame, ze tato &ast |. zényelAiaavyznamn" ovlivn'na lidskou
&Iinnosti.

Spole&enstvo na vyzkumnych plochach je tvo$eno asédhacio alpestris-Piceetum,
papratkova smr&ina montannich poldleuHAusLovAl&!ELtsova 2003). Z hlediska hodno-
ceni p$irozenosti se jedna dle navrzené terminoldrexa!&!'Hort 2004) o pSirodni les,
tedy o les vznikly p$irodnimi procesy, avSak v rusti &aste&n" ovliv'ovany toulavou
t"zbou. Plochy nebyly v dob" m"$eni vyrazn" zasazeny ddanim dosp"lych strom#, kte-
ré zde probiha vlivem p$emnozeni lykozrouta smrkovidgek!&! Svosopa 2007).

Sb"r dat

Ve druhé polovin" vegeta&ni sezény roku 2005 byly na plochach pomocotlegie Field-
-Map zam"$eny pozice jedinc# smrku vyskové t$idy 60-¢n a je$abu vyskové t$idy
30-200 cm. U kazdého jedince byla zaznamenana vgdi&ida (interval po 20 cm), typ
poSkozeni terminalniho vyhonu (bez posSkozeni, zlon&rmghnuty, poSkozeny okusem),
délka terminalniho vyhonu (pouze u smrku s nepoSkozenyminénim vyhonem, inter-
val po 2 cm), po&et pod povrchem se odd"lujicich kmink# @aye$abu) a typ mikrosta-
novist", na n"mz jedinec rostl. Mikrostanovis* bylo vyligecelkem 8 typ#, jejich popis a
ur&eni plosné rozlohy ukazuje Tab. 1. Typ vegdigicer&en podle p$evliadajiciho rostlinné-
ho druhu v nejblizSim okoli jedinc#.

Na plochach byla déale vyty&ena &tvercova si* o 'h@ahn 10x10 m. Na kazdém z 200
&tverc# bylo na zaklad" pokryvnosti (dominance) atthdo zastoupeni (1) mechorost#

Tabulka 1. Typy mikrostanovis*.
Table 1. Microsite types.

. | —popis

— urleni % pokryti plochy

— zbytek kmene po odlomeni stojici souSe niz§i nez 2 m; pasez
1. Pahyl — sou&et obsahu kruh#, p$edstavujici pahyly; m\g&meni tlous*ka (DBH) pahyl# (s
p$esnosti +0,5 mm); v p$ipad" pahyl# nizsich nez 1,3 m, m"$ena tlous*ka v golovin
jejich vysky

— leZici kmeny vSech stadii rozpadu

2. Lezici kmen | — sou&et obsah# lichob"Znik#, p$edstavujicich klady; m"$ena délka (s p$esbmpti +
m) a tlou$*ky na obou koncich (s p$esnosti £0,5 mm)

Mikrostanovist

3. Pata — sou&et mezikruzi, p$edstavujicich okoli stojfoleri¢#; m"$ena DBH (s p$esngsti
' +0,5 mm), plocha mezikruzi spo&tena jako rozdibb#s/n"jSiho kruhu o pr#m"r
3,6xDBH a vnit$niho o pr#m"ru 1,2xDBH

— povrch bez vegetace, tvo$eny p$evazn" ze smrkového opadu

=

4. Hrabanka
— korekce odhadovaného zastoupeni povrchu bez vegetace
. — Avenella $exousa + Luzula sylvatica + Calamagrostis villosa
5. Traviny p T
— korekce sou&tu odhadovaného zastoupeni t"chto druh#
— Vaccinium myrtillus
6. Bor#vka Y

— korekce odhadovaného zastoupeni druhu

— v8echny druhy mechorost#

— korekce odhadovaného zastoupeni mechorost#

— Athyrium distentifoliun¥ Dryopteris dilatata

— korekce sou&tu odhadovaného zastoupeni t"chto druh#

7. Mechorosty

8. Kapra/orosty
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Obr. 1. Rozmist"ni 25 ploch (5%5 m) v ramci kazdé TVP.
Fig. 1. Sampling pattern of 25 subplots (5x5 m) in either plot.

(pouze t"ch, nad kterymi nebylo bylinné patro), (2) vSeama&ych druh# p$izemni vege-
tace a (3) povrchu bez vegetace. Hodnoty pokryviiysy zaznamenavany v procentech
s p$esnosti na 5 %. Druhy s vyrazn" nizSi pokryvnosti nez Ssealylhodnotu 1 % &i 0,1
%. Nomenklatura cévnatych rostlin je uvedena podi&&ke kv'ten" +R KugaT et al.
2002). Na pravideln" rozmist"nych 25 &tvercich (5x5 m) \dkgdioSe (Obr. 1) byl zazna-
menan vyskyt zmlazeni smrku vySkové t$idy 0-50 cm. U kajdéimze byla op"t zazna-
menana vyskova t$ida a typ mikrostanovist”, na n"mz jedinec rostl.

Dale bylo nahodn" vybrano na kazdé ploSe 140 jedinc# serisag&ku ve vySkovych
t$idach 0-5 cm, 5-10 cm, 10-15 cm, 15-20 cm, 26m330—40 cm, 40-50 cm (20 jedinc#
v kazdé vyskové t$id") a odhadnut v'k dle po&tu p$eslent&ingizeninku po p$eslenech
(ZieLonka 2006).

Na plochach byly dale zam"$eny polohy a vysky Zivych strond&iely nez 2 m, polohy
leZicich kmen# delSich neZ 2 m a polohy pahyl# (Tab. 1). U Zisfrom# vy3SSich neZ 4 m
byly zam"$eny projekce korun, svislym pr#m"tem alespol pt&d#, p$edstavujicich okraj
koruny.

Zpracovani dat

Plocha zastoupeni mikrostanovis* na kazdém &tverdiOlth byla ur&ena takto: vym"ra
lezicich kmen#, pahyl# a paty byla zm"$ena, zbyvajici ploglaarbzd'lena podle pom"r-
ného zastoupeni ostatnich mikrostanovis§* (Tab. L)cM$gostatni druhy cévnatych rostlin
(neuvedené v Tab. 1) m"ly celkové zastoupeni pod 5 % a nebylpvémy jako mikrosta-
novist". Rozloha jednotlivych mikrostanovis* ur&ava&ekavanou &etnost zmlazeni na
daném mikrostanovisti, odpovidajici hypotéze, ze vygkylazeni je na tomto stanovisti
nezavisly (3>test). Hypotéza o nezavislosti po&tu jedinc# smrku jédpch mikrostano-
vis§* na vyskové t$id" byla ov"$ena testem nezavislosti v kontingeaifutde (3>test).

U kazdého jedince zmlazeni smrku s nepoSkozenym termmmaiyiionem, rostouciho
minimaln" 10 m od okraje TVP, byl spo&ten index |, ktery v$jgd postaveni jedince ke
vSem strom#m vySSim nez 10 m (dosp"lym strom#m):
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n 1

- '1+d

d ? vzdalenost mezi jedincem zmlazeni a dosp"lym stromemn(fhpo&et dosp"lych stro-
m#. Minimalni vzdalenost 10 m byla zavedena za U&elem kookkapvého efektu a byla
zvolena experimentaln”, kdyZ postupné odebirani krajeftimc# p$estalo mit vliv na pr#
m"rnou hodnotu indexu. Jedinci, kte$i rostou uprost$ed porostazer maji index | nizsi
nez ti, kte$i rostou v blizkosti mnoha dosp"lych strom#iskast délky terminalniho vyho
nu na indexu | byla testovana linearni regresi pro ob" plaetg* i dohromady. Spojenim
dat z obou ploch byl ziskan v"tSi rozsah hodnot indexu Ippeoplochy m"ly odliSnou hus
totu dosp"lych strom#. Na délce terminalniho vyhonu by se'laenyznamn" projevovat
konkurence sousednich jedincgufiningHAm et al. 2006), proto Ize zanedbat vliv rozdilu
hustoty zmlazeni mezi plochami i mezi vyskytem zmtdzgrost$ed porostni mezery nebo
v blizkosti dosp"lych strom#.

VYSLEDKY

Hustota zmlazeni byla asi 4600 ks’haa TVP1 a 6400 ks.hana TVP2. SmriPicea abies
byl nejpo&etn”jsi (TVP1: 4400 kstarvVP2: 6100 ks.hd). Vyznamn'ji zastoupeny byl jiz
jen je$alsorbus aucuparialeho p$esny po&et ve vySkové t$id" 30-200 cm je 239'ks.ha
(TVP1) a 269 ks.h&d(TVP2). Na TVP2 byl nalezen jest" jeden jedinec b&kgus sylvati-
ca, jeden jedinec b$iAetula pendula jeden jedinec borovid@inus sylvestrisZzmlazeni
smrku i je$ébu je na obou plochach rozmist"no nerovhom"rn" (Obr. 2).

S postupuijici vySkovou t$idou z po&atku strm", fjordrn", klesaji po&ty zmlazeni
smrku na obou plochach (Obr. 3). Naopak je$ab vytvas$i jedhebevy histogram &etnosti
vyskovych t$id (Obr. 4) s maximem kolem 60 cm na TVP1 a 80 cm na TVP2.

V"tSina jedinc# smrku mé neposkozeny terminalni vyfioviP1l: 76,6 %; TVP2: 78,2 %).
Zbylé smrky maji z r#znych biotickych &i abiotickyghi&in terminalni vyhon ohnuty &i
zlomeny (TVPL1: 22,4 %; TVP2: 21,5 %), p$ipadn” posSkozengeakuTVP1: 1 %; TVP2:
0,4 %). Naopak 92,3 % (TVP1) a 51,6 % (TVP2) je$almdskozeno okusem zv"$e. Na obou
plochach ma 49 % je$ab# vice nez jeden kminek, ktery se edodidi povrchem substratu
&i bylinné vegetace.

Se zvySujici se vySkou jedinc# zmlazeni nar#sta rozptghjejfku (Obr. 5). Pr#m"rny
v"k vysSkové t$idy 40-50 cm je 15 let na TVP1 a 13 let na TVP2.

Rozptyly indexu | uvnit$ jednotlivych délkovych intervad#rhinalnich vyhon# byly wy
soké (Obr. 6), p$esto délka terminélniho vyhonu na postkwrsp”lym strom#m podle
dat z obou ploch zavisi (linearni regrese: r ? —0,43; F ? 274),p61). Na TVP1 v3ak tato
zavislost prokazana nebyla (r ? —0,01; F ? 0,06; p ? 0,8@4],VP2 naopak byla (r ? —0,29;
F ? 72,8; p <0,001). Nejkratsi termindlni vyhony se vytva$eglé Skale postaveni jedinc#
zmlazeni k dosp"lym strom#m. S prodluzujicimi se vyhony dm@ postupn” p$estavaji
vyskytovat v mistech blizké p$itomnosti dosp"lych stroNgjv"tSich délek terminélnich
vyhon# smrky dosahuji jiZz jen v osamoceném postaveni (Obr. 6).

Dominantnim mikrostanovist"m byly souvislé porog@gpra/orost#, zaujimajici 43 %
povrchu na TVP1 a 38 % na TVP2 (Tab. 2). Travy a rostliny tiéélow vzhledu Avenella
$exousa + Luzula sylvatica + Calamagrostis villggaokryvaly 24 % (TVP1) a 20 %
(TVP2) povrchu, mechorosty 11 % (TVP1) a 14 % (TY.R2Zstoupeni bor#vky se liSilo
mezi TVP1 (8 %) a TVP2 (14 %) nejvyrazn“ji. Ostatmikrostanovist" jiz nep$esahovala 10
%. Vegetace je na plochach rozmist"na nerovhom"rn" (Obr. 7).

Z porovnani absolutnich &etnosti jedinc# zmlazeni (Taly@lywa, Ze nejvice smrku se
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Obr. 2. Rozmist"ni obnovy smrku (vySka 50—200 cm; horni &tverce) a je$abu (vySka 30-200 cm; spodni
&tverce) ve &tvercovych sitich 10x10 m.

Fig. 2. Spatial distribution of spruce saplings (height 50-200 cm; upper plots) and rowan saplings (height
30-200 cm; bottom plots) in grids 10x10 m.
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Obr. 3. Histogram &etnosti vySkovych t$id zmlazeni smrku na hektar.
Fig. 3. Height distribution of spruce seedlings and saplings per ha
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Obr. 4. Histogram &etnosti vySkovych t$id zmlazeni je$abu na hektar.
Fig. 4. Height distribution of rowan saplings per ha.
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Obr. 5. V"'k zmlazeni smrku podle vySkovych t$id na obou plochach. Krabicové diagramy zobrazuji st$ednfi
hodnotu, 25 % a 75 % kvantil, rozp"ti a odlehlé hodnoty.

Fig. 5. Spruce saplings age by height classes on both. Batsplots represents median, 25% and 75%
quantiles, range and outliers.
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Obr. 6. Zavislost st$edni délky terminalniho vyhonu jedimmlazeni z obou ploch na postaveni k dosp"lym
strom#m vyjad$ena indexem | (I?@1AfL=drabicove diagramy zobrazuji st$edni hodnotu, 25 % a 75 %
kvantil, rozp"ti a odlehlé hodnoty.
Fig. 6. Relationship between terminal shoot height of spruce saplings from both plots and their position to
mature trees represented by index | (I7@1Aj18bxplots represents median, 25% and 75% quemntil
range and outliers.

vyskytuje na lezicim mrtvém d$ev", nasleduje mikrostatbpata Zzivého stromu &i souSe,
dale pahyl, mechorosty a bor#vka. Na ostatnich mikroststiclv se jiz zmlazeni vyskytu-
je sporadicky. Mrtvé d$evo a pahyly ploSn" nezaajimice nez 5 %, p$esto se na jejich
povrchu nachazi vice nez polovina veskerého smrkovéhazemilaOproti smrku se je$ab
vyskytuje vice i na mikrostanovistich tvo$enychetagi, ovSem kapra/orosty rovn"z p#so-
bi na obou plochach pr#kazn" negativn". Naopak pozitivebp#ni na obou plochach bylo
prokazano u mikrostanovist" pata, lezici kmen a mechorosty (Tab. 2).

Po&ty vyskyt# zmlazeni smrku podle t$ech uvedenych skukinstanovis* (Obr. 8) se
na obou plochach mezi jednotlivymi vySkovymi t$idami pe#kdisi (3-test, df ? 2, p <
0,001). Vys8Si zmlazeni se mén" vyskytuje na mikrostanovistichriyo$eegetaci.

Horizontalni zapoj byl 29 % na TVP1 a 23 % na TVP2. Informacgigemném p#sobe-
ni jednotlivych druh# vegetace, hustoty zmlazemivd$a zapojem horniho stromového
patra v jednotlivych &tvercich 10x10 m dopl'uje korela&l. B. | z Obr. 7 je patrna nega-
tivni korelace zapoje a taxoithyrium distentifoliumjehoz zvySena p$itomnost p#sobi
pr#kazn" negativn" na vyskyt zmlazeni je$abu a na TVP2 grtkeegativn” i na zmlaze-
ni smrku (Tab. 3).

Diskuze

Poletnost zmlazeni

Po&ty jedinc# smrku zna&n" p$esahuji minimélni hodnety jgou povazovany za dosta-
te&né k zachovani kontinuity smrkového lesa a zapadajizdwerd zjist"nych hodnot z ji-
nych zkoumanych horskych smr&oNasoval &!PracH!2004,Vor Ak et al. 2006). Naopak
ZjiSt"na hustota zmlazeni je$abu je v porovnani s ostasmim&inami st$edni Evropy rela-
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Fig. 7. Spatial distribution of vegetation on the plots.

Obr. 7. Rozmist"ni vegetace na plochach.
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Tabulka 2. PloSné zastoupeni mikrostanovis* a &etnost zmlazeni smrku (50 az 200 cm) a je$abu (30 az 200 cm) podle jednotlivych mikrostanovis*. Po&«
hv"zdi&ek p$edstavuje hladinu vyznamnosti, na které se zamita hypotéza, Ze mikrostanovist" nema vliv na relativni zastoupeni zmlazeni. Bez hv"zdi&ky:
G 0,05; W 0,01 X p < 0,05; WW 0,001 X p < 0,01; WWW p < 0,001; x test neni mozné provést pro nizky po&et o&ekavanych hodnot.

Table 2.Yrea of microsites and spruce saplings (50 to 200 cm) frequency and rowan saplings (30 to 200 cm) frequency by micosite types. Ysterisks repre
sent statistical signilcance, whether microsite in[uence the relative number of saplings. No asterisk: p G 0.05; W 0.01 X p < 0.05; WW 0.001 X p < 0.01; W
< 0.001; x test cannot be made (number of expected values is too low).

Mikrostanovist" A Microsite

Zastoupeni A Yre

R

Po&et smrk# A Number of spruce

(o&ekavany po&et A expected num

5 Po&et je$ab# A Number of rowan
pelo&ekavany po&et A expected num

ber)

TVP1 TVP2 TVP1 TVP2 TVP1 TVP2
Kapra/orosty A Ferns 43,4 % 37,8 % 5 (362)WWW 6 ($24)WWW 4 (100)8V\acy) WWW
Traviny A \rasses 23,8 % 20,1 % 11 (198)WWW 43 (277)WWW 80 (55)WwWwW 61 (54)
Mechorosty A Mosses 10,8 % 13,5|% 33 (90)WWw 134 (187)WWW 47 (25)WWW 48 (36)W
Bor#vka A Bilberry 7,5 % 13,7 % 6 (62)WWW 160 (1pO)w 12 (17) 72|(37)WWW
Hrabanka A Litter 6,3 % 4,8 % 2 (52)Www 78 (6p) 3 (15)WwW 11 (13)
Pata A Stem neighbourhodd 4,8 % 5,2 % 253 (40)WWW 230|(72)WwWWwW 51 (11)WWW 46 (14)WWwW
LeZici kmen A Log 3,0 % 4,4 % 381 (25)WWW 465 (F1)WWW 23 (7)WWW 19 (12)W
Pahyl A Stump 0,4 % 0,5 % 142 (3)WWW 268 (T\WWwW 11 (1)x 3 (1)x
Suma A Sum 100,0 % 100,0 %6 833 1384 231 268
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Obr. 8. Relativni &etnost zmlazeni smrku podle vySkovych t$id v zavislosti na mikrostanovisti.
Fig. 8. Relative spruce saplings frequency by height classes according to microsite types.

Tabulka 3. Korela&ni koelcienty mezi horizontalnim zapojem, hlaminbylinami a zmlazenim d$evin podle

jejich zastoupeni ve &tvercové siti 10x10 m. Plo&eti&ek p$edstavuje hladinu vyznamnosti testel&&r

niho vztahu. Bez hv"zdi&ky: p G 0,05; W 0,01 X p < 0,05; WW 0,001 X p < 0,01; WWW p < 0,001.

Table 3. Correlation coeflcients between canopy closure, area of dominant herbs and trees regeneration by
grid 10x10 m. Ysterisks represent statistical signilcance of correlation. No asterisk: p G 0.05; W 0.01 X p <
0.05; WW 0.001 X p < 0.01; WWW: p < 0.001.

Yt—di Ca—vi Va—my Yv—[ Lu-sy So-au Pi—ab ZAC TVP1
1 -0,47WWW  -0,50WWW  -0,56WWW -0,17 -0,40WWW —0,11AthyriorBAlgwifolium
1 -0,09 0,08 -0,21W 0,15 0,10 0,11 Calamagrostis villosa
1 0,32WWw 0,00 0,42WWW 0,16 0,3&08MMmM myrtillus
1 0,14 0,33Www 0,01 0,61\\AVEiella $exuosa
1 0,06 0,09 0,20W Luzula sylvatica
1 0,11 0,20W S. aucuparia(30—-200 cm)
1 —-0,03 P. abies(50-200 cm)

1 Zapoj A Canopy

Yt—di Ca—vi Va—my Yv—[ Lu-sy So-au Pi-ab ZAC TVP2
1 -0,26W  -0,74WWW -0,61WWW  0,43WWW  —0,48WWW  —0,36VKthiyrium-ais@vniidiim
1 -0,18 -0,08 -0,12 -0,01 -0,23W 0,13 Calamagrostis villosa
1 0,43WWW  —-0,45WWW  0,43WWW 0,41WWW Vacchzemmyrtillus
1 -0,10 0,33WWWwW 0,21wW 0,36\Miliélla $exuosa
1 -0,19 -0,17 —0,12 Luzula sylvatica
1 0,32WW 0,32W\8. aucuparig30-200 cm)
1 —-0,05 P. abies(50-200 cm)

1 Zapoj A Canopy
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tivn" nizka. M#ze to byt zp#sobeno i zna&nou vzoddei plodicich strom#Z¢wiec! &!
Lebwon!2008). Na 2 ha vyzkumnych ploch se nachazel pouze jedenlypspdici je$ab.
Po&etnost plodicich je$ab# samoz$ejm” ovliv'uje konkfée dynamiky lesaZfwiec!&!
Lebwon!2008). Svoji roli hraje i limitace r#stu je$abu okusem z\Keea se z$ejm" proje-
vila i na histogramu &etnosti vySkovych t$id (@prprotoZze okusem nejvice trpi je$aby
v rozmezi vySek 60—-140 crivptTa 2003).

Vliv mikrostanovist"

Lezici kmeny a pahyly pokryvaly 4,15 % povrchu. Tato hodjetddobna t"m, které byly
zjist"ny v p$irodnich smrkovych lesich Karpat i Skandi@@ieLonka!&!PiaTex!2004). Na
mrtvém d$ev" se vyskytovala vice nez polovina z veSkeréhmséaho zmlazeni. Prosp"s-
nost mrtvého d$eva pro uchyceni a r#st strom# foylkdzana pro $adu druh# z celého
sv'ta (LonspaLE et al. 2008). Hlavni p$i&inou tohoto jevu je kompeticen laylinechorost#
na povrchu p#dyHarmon! & ' FRANKLIN!1989). Na nov" spadlych kmenech je konkuren&ni
tlak dostate&n" nizky pro uchyceni zmlazeni. K tomu doahllgdiska trvani rozpadu le-
Ziciho kmene relativn" brzyTakanasH et al. 2000Mori et al. 2004), zhruba 10 let od od-
um$eni stromuZ{eLonka 2006), a &asto d$ive, nez lezici kmen pIn" obsadhamnosty
(ZiELONKAI&!IPIATEK 12004, Pouska 2005). S postupujicim rozkladem leziciho kmene se po&ty
jedinc# na n"m rostoucich zvysSuji. U nejpokro&itdjStadii rozkladu, vlivem vnitrodruho-
vé konkurence a konkurence ostatni vegetace, jsou po&tg#gid nizsi Mori et al. 2004,
ZIELONKA 2006). Nicmén" stale nedochazi k zamezovani uctimiovovych jedinc# v tako-
vé miS$e, jak je tomu na povrchu p#dye(onka!&!PiaTEK!2004). Mezi dalSi mechanizmy,
které umoz'uji zvySené p$ezivani semena&k# na d$ev", mikiei pahrana p$ed G&inky
proudici povrchové vodywacek 1982), kratSi doba trvani sn"hové pokryvky oproti okolni
p#d" (Vacek 1982), lepSi spojeni s mykorhiznimi houbairé{sovA 2001, LonspALE et al.
2008), p$izniv"jsi nabidka ZiviBgunNERI&!K iIMmiNs 2003,Baler et al. 2006), ochrana p$ed
patogeny vyskytujicimi se v p#d" nebo i ochrana proti paskbgparkatou zv'$i v p$ipad”
Usek# s v'tvemil(onspaLE et al. 2008). Podle vyzkum# v subalpinskych jehli&natygibHe
Japonska je mira vzchazeni (vykli&eni) semend&k# nézadzistikrostanovisti a koreluje
s po&tem dopadnuvsich sembtogi et al. 2004). Rozhodujici je ale jiz prvni letni obdobi
po vykli&eni semene, kdy mortalita je vyrazn" vyS@dinc# na povrchu p#dyMori!&!
MizumacHI 12005), p$edevsim z d#vodu mensi p$istupnosti k Whae et al. 2004 on-
SDALE et al. 2008).

Je d#lezité zminit, Ze z ploch bylo v minulosti odvezeno likkamen# (vizuélni ur&eni
p#vodu pahylu po u$iznuti pilou) o celkové vy&etni zakladniba 6 M.ha! (data nezob-
razena). Kdyby tyto kmeny nebyly odvezeny, vysla tsfgrence zmlazeni na lezicich kme-
nech vysSi, protoze by byly z$ejm" v pokro&ilejSich staddizkladu, kterd jsou pro vyskyt
zmlazeni vhodn"jSiZieLonka 2006).

Zjist"ny rozdil v po&etnosti smrkového zmlazent¢vha pahylech nez na kladach) Ize
pravd"podobn" vysv'tlit skute&nosti, Ze v"tSina patlgtéahuje vyssich Urovni nad terénem
nez je pr#m'rné pozice lezicich kmen#, které &astmégiiklad pod Grovni kapra/orost#.
Dale je pahyl ve v'tSim kontaktu s p#dou a dochéazi zde k ime'j& vym"n" latek a mi-
kroorganizm# ZHou et al. 2007). Navic v p$ipad" odum$eni stromu z d#vodwcnfitke-
vokaznymi houbami je nasledn” vznikly pahyl (oproti leiriaikmenu z n"ho pochazejici-
ho) diky pokro&ilému rozpadu d$eva od po&atku vhodny pyoardha r#st semene smrku.
DalSim moznym d#vodem je snadn"jSi udrZzeni semen v depneafyl# oproti zakulace-
nému povrchu lezicich kmen#.

Zjist"nou vyhodnost paty Zivych strom# a sousi potye takéVacek (1982). Spo&ivéa
rovn"z ve vyvysenosti tohoto stanovist" nad okolnim tenén¥ blizkosti kmene d$ive od-
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tava snih, to zv"tSuje délku vegeta&ni doby, ktera je vd'fmbdminkach limitujici. Smrko-
vé zmlazeni p$eziva u paty zivého stromu pravd"podobrdqeur&itého v'ku, poté odumi-
ra. Jestlize ale dojde k odum$eni dosp"lého stromu, znilageho paty vyuZije naskoku
p$ed pozd"jsi konkurenci vysokych bylin, které paty zivého stromu nevyskytuiji, a za&ne
rychleji odr#stat.

Z d#vodu vyssi denzity (a tedy i vySSi vnitrodruhové konkoeg jedinc# zmlazeni na
mikrostanovistich pahyl, lezici kmen a pata by se dala p&Edjat vySSi mortalita jedinc#
na t"chto mikrostanovistich. NaSe vysledky to vSak nepofjirObr. 8 naopak nazna&uje,
Ze ostatni mikrostanovist" &aste&n" umoz'uji uchyegmo&ate&ni r#st, posléze vsak jedin-
ci ve v'tSi mi$e odumiraji. Vysv"tlenim tohoto m#%e skute&nost, Ze nap$iklad mechoros-
ty &asto rostou na vyvysSenych mistech — nej&ast"ji kamektecé pravd"podobn” nemaji
v3echny vySe zmin"né vyhody mrtvého d$elsaasova (2001) ve smr&inach NP Sumava
také zjistila v'tsi podil nejstarSich jedinc# na mrtvémvid$eorovnani s mladsim, podob-
n" jako Husnik (2007). Také v horskych smr&inach Polany byl ps@itSiho zmlazeni na
d$ev" dvojndsobny oproti mladSimu zmlazéidiExsa et al. 2006). NaopaBranG et al.
(2003) u zmlazerkicea engelmanniloSel k opa&nému zav'ru. P$edpoklada v"tSi mortali-
tu u jedinc# na mrtvém d$ev", protoze jim zjist'podil jedinc# rostouciho na mrtvém
d$ev" byl u mladSiho zmlazeni vyssi. Po&ty zmlazeniikrostanovistich i po&ty zmlazeni
na mikrostanovistich podle vySkovych t$id ovliv'ljenkrétni faze dynamiky les&(rrer
scHMID 2006). Ovliv'uje je také samoz$ejm" typ dynamiky lesarkfe ur&ovan stanovist-
nimi pom"ry spole&n" se vztahem intenzity, rozsahu, progébo charakteru, frekvence a
typu disturbanci les postihujicicBofinson] MivanisHi 2007). Na fazi dynamiky lesa na-
p$iklad zavisi typ dynamiky rozkladu mrtvého d$ktezra je $izena také teplotou a vihkos-
ti (ZHou et al. 2007), které spolurozhoduji o vyskytu konkrétniethé d$evokaznych hub,
z nichz n"které jsou vice a n"které mén" vhodné pro zmlani smrkul(ersovA&!SvoBopa!
2004,Pouska 2005). Zjist"nou skute&nost, Ze na TVP2 roste gelv§ysSkovych kategoriich
oproti TVP1 relativn” vice zmlazeni na mikrostanovistiabenych vegetaci &i hrabankou
(Obr. 8), Ize vysv'tlit v't§im zastoupenim bor#vkynechorost# (Tab. 2), které jsou pro
zmlazovani jeSt" pom"rn" vhodné.

| u je$abu byla zjist"na jista preference mikrostanovigtiénd$evo (Tab. 2). Vyzkumy
po celém sv"te nejprve popisovaly vazbu zmlazeni jehli&nam#rivé d$evo, pozd"ji vSak
byla prokazovana a dnes je jiz po celém sv"'t" u desitek tigthalruh# d$evin prokazana
vyhodnost mrtvého d$eva pro vyskyt a odr#stani zmlakenégaLe et al. 2008). Vyhod-
nost mrtvého d$eva pro zmlazovani m#ze tedy exstbejm" i u je$abu. Na rozdil od
smrku, je ale je$ab vice schopen obnovy i v mechové a bylageéaci, pSedevsim v nizsi.
Ve vySSich travachGQalamagrostis villosazmlazuje je$ab jen sporadicky a v nejvyssSich
kapra/orostech tém"$ v#bec, podobn" jako v horskych snéd@irzdpadnich Karpat6-
LEKSAl&!Zywiec!2005).

Vyskyt je$abu je ovlivn"n nejen vyskytem mikrostangyidle i od smrku odliSnym zp#-
sobem prostorové distribuce semen. Ta je zajiS*ovanaysbedpetaky, proto hustota zmla-
zeni byva nejv"tSi v blizkém okoli bazi kmergfiec!&!Lebwon!2008). Ptaci totiz &asto
sedavaji na v"tvich blizko hlavniho kmene, p$i&ematepuji mohutn"jSi stromy. Navic pr#-
chod semen je$abu travicim traktem ptak# zvySuje schopyldi&eni. NasSe Set$eni toto
potvrzuje, na mikrostanovisti pata se vyskytovalo je$abu nejvice.

Vliv horniho stromového patra

Po&et jedinc# smrku do 30 cm byl na TVP1 trojnasobko&tu zmlazeni vyssiho a na
TVP2 dvojndsobkem (Obr. 3). Nedaleko naSich dvou ByPpo&et zmlazeni do 30 cm
dokonce 36x vySsi nez zmlazeni nad 30 Elus(ik 2007). Tato disproporce byla zjiSt"na
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také v p$irodnich smrkovych lesich Zapadnich Kalme dosahovala hodnot az 42 : 1
(HoLeksa et al. 2006), a nar#sta s procentem zapoje horniho stromového patra.

Ze zna&ného v'ku zmlazeni smrku (Obr. 5), v porovnani sgestistoucimi na otev$e-
nych plochachJurAsex! &M ArRTINCOVA!2005), Ize usuzovat na pomaly r#st, zap$i&in'ny
nedostatkem sv'tla a tepla pod zapojem. Sv"tlo a teplo jEunhmi limitujicimi faktory
zmlazeni v horskych smr&inadtio{ exsa et al. 2006). Proto se r#st zmlazeni zpomaluje se
stoupajici nadmo$skou vySkova¢ek 1981) a zvysSujicim se zastin"niigLonka 2006).
Rovn"zZ je$ab je schopen dlouhodob" p$etrvavat pod zapojem smrkarych dedinec je-
$abu &asto vytvasi dalsi, pod povrchem se odd"lujici ndwékrily starSi mohou pozd'ji
odum$it, ale jedinec zije dalév{viec!&!L ebwon!2008). Tato strategie dlouhodobého p$etr-
vavani smrku i je$abu v p$itmi zapoje se pravd"podobn" viavind#vodu rychlého rozvo-
je konkuren&ni bylinné vegetace (zabra'ujici uchycovémiyoh jedinc#) po vytvo$eni po-
rostni mezeryHotLeksa 2003). Kapra/orostymohou zasti'ovat i lezici kmeny menSich
tloust"k a tim zamezovat odr#stani zmlazeni smrkaoicla. Schopnosti dlouhodob" setrva-
vat pod zapojem dosp"lych strom# si tedy zmlazeni zajistagkok p$ed ostatni vegetaci.
Navic tato strategie obnovy kompenzuje vliv nepravidelrsasnennych rok#, které byvaji
ve vySSich polohach mén" &etiéefucuccini et al. 1995). Na druhou stranu byl ve smrko-
vych lesich také zjist"n vyznamny podil jedinc# zmlazetd$kse uchytili az po vytvo$eni
maloploSnych mezet €emans 1991) nebo po disturbanci v'trem na v"tSich plochdabu¢
LUVAINEN ] KaLmari 2003,Ravmic et al. 2006) &i po velkoploSném odum$eni horniho stro-
mového patra, zp#sobené lykozroutem smrkovyomaGova | PracH 2004). Oba dva zp#-
soby obnovy lesa jsou tedy moZzné a &asto se uggjich kombinaceRammic et al.
2006).

P$es zna&nou variabilitu délek terminalnich vyhdm#®ukazuje, Ze odr#stani zmlaze-
ni je i pod celkovym relativn" nizkym horizontalnim zapojemitovano vyskytem dosp"-
lych strom#, a tedy z$ejm" p$isunem sv'tla. Délka termiméyhonu jen slab” koreluje s
mnozstvim dopadajiciho sv'tla, protoZe se v ni projevujeharalSich abiotickych a bio-
tickych faktor# CunningHAM et al. 2006). Neprokazanou zavislost délky terminalniho v
honu na indexu | na TVP1 Ize vysv'tlit tim, Ze zueni dostate&né heterogenita hustoty
dosp"lych strom#, coz mé za nasledek Gzky rozsatelswch podminek pro p$izemni patro
lesa.

Jestlize zmlazeni ma vysSi naroky na sv"tlo, musi dojit kzyliSimu a rozsahlejSimu
poruseni zapoje horniho stromového patra, aby mopl&asdale odr#statMorI'& ! TAKE-
pA!2004,!HbLeksa et al. 2006). | p$es stalou p$itomnost zmlazeni protiha dor#stani
jedinc# do horniho patra lesa v &ase nespojit”", s dlouhaadper b"hem které do dosp"-
losti nedorostou tém"$ zadni jedingh¢ex 1981). Tato faze blokovani odr#stani obnovy se
m#ze v p$irodnim horském smrkovém lese souvisle vyskytoeatelkych plochéch, do-
sahujicich az stovek hektar#dieksa et al. 2006).

Po p$ipadném odum$eni horniho stromového patra by&drjeslinc# nasledné genera-
ce mohlo byt zpozd"no v mistech, kde chybi vhodna mikrostatigro uchycovani zmla-
zeni. Proto by délka faze obnovy mohla byt dosti dlouhd ipap$ize by doSlo v kratkém
&asovém Useku k Uplnému odum$eni horniho stromathm. Novy porost by tak byl
r#znov'ky, s v'kovym rozp"tim danym nejstarsim p$sim stromem a zpozd"nim procesu
obnovy v mistech s nep$iznivymi mikrostanovisti.

Z AVIRY

Hlavni zav'ry naSi studie, zam"$ené na vztah mikrostatiaviSorniho stromového patra
k p$irozené obnov" v horské papratkové smr&ttiyrio alpestris-Piceetujjsou tyto: (1)
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podil jedinc# smrku na lezicich kmenech byl pr#m"rn" 38 %d&si dv' vyznamna mik-
rostanovist" pro odr#stani jedinc# smrku jsou pahyly &pa& nejblizsi okoli kmen# do-

sp"lych strom# &i sousi; (3) z d#vodu vazby na tato t$i mikroets" se zmlazeni smrku
vyskytuje nepravideln" hlou&kovit"; (4) pod korunami diggh strom# se vice nachazeji
p$izniv'jsi typy vegetace pro uchycovani zmlaze®abu i smrku; (5) p$itomnost dosp"lych
strom# omezuje odr#stani zmlazeni; (6) odr#stani je$abu je linotokéisem zv"$i.

Pod"kovani. Tento p$isp"vek vznikl za podpory projektu Integnantové agentury \Y FLD CZU
200843120015 a projektu Interni grantové agentuXy €U 20074003. T$eti autor byl podpo$en projek-
ty \YYV KJB60130060, VavV MZP SPA2d2A111A08 a MSMT 2B060K2ij&me M. Starému, V. +adovi a
V. Pouskovi za pomoc s terénnim m"$enim. D"kujeew@nzent#m za podn”tné p$ipominky. D"kujeme
také Sprav"' NP a CHKO Sumava za umozn"ni tohoto vyzkumu.
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Decaying logs and stumps provide an important seedling substrate in natural subalpine forests.
However, only stumps present such a role in managed forests. The aim of this study was to
assess the differences in the process of seedling colonization between logs and stumps. The
study was carried out in the Czech Republic, in two old-growth subalpine spruce forests
located in the Bohemian Forest and Ash Mts., dominated by Athyrium distentifolium Opiz and
Vaccinium myrtillus L. undergrowth, respectively. Norway spruce (Picea abies (L.) Karst.)
regeneration growing on logs, stumps and non-coarse woody debris (CWD) microsites was
surveyed. Regeneration (height 0-2.0 m) densities exceeded 5000 individuals per ha on both
sites. The average density of P. abies regeneration per square meter of substrate was 0.3-5.7-
19.6 and 0.5-3.8-11.0 on non-CWD microsites, logs and stumps, located in A. distentifolium
and V. myrtillus undergrowth, respectively. Stumps and non-CWD microsites dominated by
V. myrtillus, supported a higher proportion of taller seedlings per plot compared to the small
seedlings growing on logs and non-CWD dominated by A. distentifolium ground-cover. The
disproportion in regeneration densities between the stumps and the original logs decreased with
increasing stages of decay. The tallest regeneration growing on stumps (root-soil plates) was
significantly older than that growing on the logs (stems). Based on these two latter findings, the
stumps appeared to provide suitable seedling substrates several years earlier than the logs did.
Therefore, we conclude that the stumps play a more important role (relative to their covered
area, 21-28 m2ha!) in terms of suitable microsites for regeneration, than the logs do.
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1 Introduction

Coarse woody debris (CWD) is an integral com-
ponent of forest ecosystems and is important
for various forest processes and functions such
as forest health (Zhou et al. 2007) and main-
taining biodiversity (Pouska et al. 2010). CWD
also creates seedbeds for seedling establishment.
One of the first studies on the role of CWD for
regeneration was performed by Arnborg in Swed-
ish subalpine forests during the 1930s (Jonsson
and Hofgaard 2011). Thereafter, the suitability of
CWD for tree establishment has been documented
in different ecosystems around the world (Lons-
dale et al. 2008). Studies have shown that tree spe-
cies with smaller seeds establish on CWD more
often than those with bigger seeds (Lusk 1995,
Christie and Armesto 2003, Mori et al. 2004).
The favourable ‘seedbed effect’ created by CWD
is more common for conifer species, especially
though for the genus Picea and Tsuga (Harmon et
al. 1986, Lonsdale et al. 2008). The proportion of
individuals growing on CWD is most significant
in subalpine spruce forests and this significance
increases with increasing altitude (Kupferschmid
and Bugmann 2005, Vor¢dk et al. 2006, Holeksa
et al. 2007), increasing density of undergrowth
vegetation type (Sugita and Tani 2001, Narukawa
and Yamamoto 2002, Sugita and Nagaike 2005),
increasing level of snow accumulation (Sugita
and Tani 2001, Sugita and Nagaike 2005) as well
as with the increasing absence of exposed rocks
(Sugita and Tani 2001). The total dependence
of spruce seedlings on CWD was recorded in
coniferous forest in Japan with dwarf bamboo
undergrowth (Takahashi et al. 2000, Nakagawa et
al. 2001, Narukawa and Yamamoto 2002, Naru-
kawa et al. 2003). The ability of woody species
to establish on CWD increases their competitive
advantage within the boreal forests (Hofgaard
1993), mixed mountain forests (Szewczyk and
Szwagrzyk 1996, Baier et al. 2007) and wetland
forests where the soil substrate of the forest floor
is saturated (Sharitz 1996).

The influence of the first growing season fol-
lowing seed germination is crucial for the devel-
opment of regeneration on CWD. The germination
percentage is not dependent on the microsite type;
however mortality is considerably higher among
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the regeneration growing directly on the forest
floor during the first growing season (Narukawa
and Yamamoto 2002, Mori et al. 2004, Mori and
Mizumachi 2005). This is mainly due to lower
moisture availability (Greene et al. 1999, Mori
et al. 2004, Iijima et al. 2006). Autumn mortal-
ity caused by litter accumulation (DeLong et al.
1997, Simard et al. 2003) and winter mortality
caused by snow gliding (Baier et al. 2007) also
play important roles. Furthermore, competition
amongst the natural regeneration of tree spe-
cies, herbs and/or mosses on the forest floor is
another reason why seedling establishment is
better on CWD microsites (Harmon and Franklin
1989, Narukawa and Yamamoto 2002, Sugita and
Nagaike 2005). Seedling establishment on logs
starts early, especially when the time needed for
the whole log to decompose is considered (Taka-
hashi et al. 2000, Mori et al. 2004, Zielonka 2006,
Iijima and Shibuya 2010). Seedling establishment
often commences prior to the complete moss
colonization of free niches on the log (Zielonka
and Piatek 2004, Iijima and Shibuya 2010). The
number of seedlings growing on the logs increases
as the decomposition progresses; however, the
number of smaller seedlings slightly decreases at
the most advanced stages of decay due to intraspe-
cific and interspecific competition with herbs and
dwarf shrubs (Nakagawa et al. 2003, Mori et al.
2004, Zielonka 2006). Nevertheless, the competi-
tive rate is still lower on logs in the most advanced
stages of decay than on the ground (Zielonka and
Piatek 2004). This is perhaps due to the continu-
ous creation of patches of bare, decomposed wood
suitable for new seedling establishment via physi-
cal and chemical forces during the decay process
(Zhou et al. 2007). Seedling survival on CWD can
also be positively affected by: connection with
mycorrhizal fungi (LepSova 2001), more favour-
able nutrient supply (Zimmerman et al. 1995,
Brunner and Kimmins 2003, Baier et al. 20006),
protection against soil-borne pathogens (Lonsdale
etal. 2008) and protection against browsing when
branches accumulate (Lonsdale et al. 2008).
Numerous studies have focused on the role of
nurse logs, or nurse logs and stumps together,
as favourable substrates for natural regenera-
tion; however, studies comparing the role of
logs and stumps as seedling substrate are rather
rare. Nakagawa et al. (2001) reported four times
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larger spruce seedling densities on stumps com-
pared to logs in semi-natural sub-boreal forest
of Hokkaido. Hofgaard (1993) stated that there
were more mature trees in central Sweden grow-
ing on stumps when compared to logs; however,
seedlings strongly prevailed on logs. Kathke and
Bruelheide (2010) found, in near-nature Norway
spruce forest in Germany, that a higher number
of taller seedlings grew on stumps compared to
logs, as opposed to smaller seedlings.

The importance of stumps which have been cut,
in terms of natural regeneration, has been investi-
gated by Gensac (1990), Nakagawa et al. (2003)
and Motta et al. (2006). Such importance is cru-
cial in mountain forests where the lack of logs due
to exploitation is a noteworthy issue (Nakagawa
et al. 2003, Motta et al. 2006); especially though
in Central Europe where forests lacking CWD are
rather widespread (Kulakowski and Bebi 2004 ).
Considering that the seedling densities on the cut
stumps do not differ from natural stumps (from
Nakagawa et al. 2001), a better understanding
of the role of stumps in the regeneration process
in natural spruce forests would enable decision
makers to determine differences in the potential
of suitable microsites for seedling establishment
between natural (with logs) and managed (without
logs) forest.

The aims of this study were to analyze the
roles of the CWD in the regeneration processes
of the two Norway spruce old-growth forests
with the special focus on the importance of logs
and stumps. The objectives were: 1) to evaluate
CWD availability with the emphasis on stump
and log identification, 2) to compare the density
and height structure of seedlings on logs, stumps
and non-CWD microsites with regards to different
ground vegetation types.

2 Methods
2.1 Study Site

The first study site is located in Trojmeznd, which
is situated in southern part of the Bohemian Forest
(48°47'N, 13°49'E) in the south-western part of
the Czech Republic. Subalpine spruce forests
are found between 1150-1450 m a.s.l. in these

areas. The altitude of our study plots ranges
from 1220 m to 1270 m. The aspect is northern
on a gentle slope (to 8°). The total annual pre-
cipitation is approximately 1300 mm and the
mean annual temperature is approximately 3.5°C
(period 1961-2000, Climate Atlas of Czechia).
The snow cover reaches up to 2 m. The soils are
Leptosols and dystric Cambisols derived from
biotitic, coarse-grained granite. Plant communi-
ties were classified as Athyrio alpestris-Piceetum
(Neuhiuslovd and Eltsova 2003) with high fern
Athyrium distentifolium Opiz undergrowth. The
old-growth forest (600 ha) where the study site
is located has been protected since 1933. At the
time of measuring, the canopy closure was mainly
26% on plots (Bace et al. 2009).

The second study site Eustaska is situated in
the central part of the Ash Mts. (50°5'N, 17°15'E)
in the north-eastern part of the Czech Repub-
lic. Subalpine spruce forests are found between
1050-1350 m a.s.l. in these areas. The altitude of
the study plots ranges from 1240 to 1270 m. The
aspect is south-eastern and the slope is gentle (to
10°). The total annual precipitation in the area
is approximately 1300 mm and the mean annual
temperature is approximately 3.0°C (period
1961-2000, Climate Atlas of Czechia). The snow
cover reaches up to 2 m. The soils are haplic and
skeletic Podzols derived from chlorite-sericite
phyllite and quartzite. Plant communities were
classified as Calamagrostio villosae-Piceetum
(Banas et al. 2001) with dwarf shrub Vaccinium
myrtillus L. undergrowth. The old-growth forest
(50 ha) where the study site is located has been
protected since 1969. In 1999, the canopy closure
was mainly 39% on plots (unpublished data).

Both study sites are believed to be well pre-
served examples of old-growth spruce forest in
the Czech Republic (Natural Forests’ Databank. ..
2004, Svoboda and Pouska 2008). All stands
characteristics and high levels of CWD suggest
the forests to be old-growth (Janda et al. 2010,
unpublished results). The mean age of the tree
layer is more than 250 years on Trojmeznd (Svo-
boda et al. 2011). Despite this fact, we have
recorded stumps that had been cut on both study
sites (Table 1). All these stumps were at advanced
decay stages. The historical records describing
previous management on both study sites are
rather sporadic. Therefore, we believe both study
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sites were somewhat affected by selective cutting.
The study site EustaSka was furthermore affected
by grazing (Bana$ et al. 2001). The forest on
both study sites is dominated by Norway spruce
(Picea abies (L.) Karst.) with admixture of rowan
(Sorbus aucuparia L.). Plant nomenclature fol-
lows Kubat et al. (2002).

2.2 Data Collection

The two adjacent experimental plots were selected
on both study sites. The size of each plot was 1
ha (100x100 m). The experimental plots were
selected in places with minimal influence of
human activity such as logging or salvage log-
ging in order to prevent CWD removal or the
bark peeling.

The research was carried out at the end of grow-
ing season 2008. The plots were established using
Field-Map (IFER-MMS, Field-Map Technology,
20009, http://www.field-map.com). Field-Mapis a
comprehensive software and hardware technol-
ogy for field data collection and subsequent data
processing. All stumps of diameter greater than
0.1 m and of length within the range of 0.1 m and
2 m were sampled. The diameter of the stumps
was measured at the half-height. All logs with
a diameter at the thicker end of the log 2 0.1 m
and whose length was > 2 m were sampled. The
diameters at both ends of logs along with the logs’
lengths were measured. The diameters of stumps
and their heights were also assessed.

The logs were characterized by their origin
(up-rooted living tree, breakage of dead trees
with stump (£ 2 m) or snag (> 2 m), without
stump, snag or root-soil plate) and assigned to
the recorded stumps. Special attention was paid
to the stumps matching other logs found within
the experimental plots. Where the fallen stem was
broken to the extent that individual parts did not
match each other the parts were treated as separate
logs. In some cases, more than one log originated
from one tree. For instance, forked trees with stem
bifurcation below 2 m resulted as one stump with
more logs upon falling. The presence of stumps
with a flat surface that have likely originated from
cutting was also recorded. In order to distinguish
between natural and cut stumps, the following
categories of stumps were determined: 1) stump
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with one log, 2) stump with two and more logs,
3) stump without log and without flat surface,
4) stump without log and with a flat surface.

The logs were classified according to the decay
stage that was determined according to the degree
a knife penetrated the decaying wood. The decay
stage classification by Sippola and Renvall (1999)
as follows: decay stage 1: recently dead log, wood
hard, bark and phloem fresh, knife penetrates only
a few mm into the wood; decay stage 2: wood
hard, most of the bark left, but no fresh phloem
present, knife penetrates 1-2 c¢cm into the wood;
decay stage 3, wood partly decayed on the sur-
face or in the centre, usually large pieces of bark
loosened, knife penetrates 3—5 ¢cm into the wood;
decay stage 4, most of the wood soft throughout,
usually no bark present, the whole blade of the
knife penetrates easily into the wood; decay stage
5, wood very soft, disintegrates when lifted, log
covered by ground-layer mosses and lichens. If
the decomposition stage varied in different parts
of the log, an average decay stage was recorded.

All individuals of Norway spruce regeneration
growing on logs and stumps were recorded and
separated into eight different height classes (0-10,
11-30, 31-50, 51-70, 71-90, 91-110, 111-200,
>200 cm). Current-year seedlings were excluded
because their number changed during the time
of the study. In order to determine the correct
number of the seedlings growing from the dead-
wood, only those seedlings with root collar clearly
growing from the dead wood were recorded. The
age of the tallestindividual of natural regeneration
on all logs and stumps was estimated. If the log
had a root-soil plate where seedlings grew, the
age of tallest individual on root-soil plate was also
recorded. The age estimation was based on the
number of verticils and terminal bud scars visible
on the aboveground and eventually underground
stem (Zielonka 2006).

To analyze the regeneration patterns (height
0-2 m) on non-CWD microsites, 25 regularly
distributed grid sampling sub-plots (5x5 m) were
laid out on all experimental plots (total area 625
m? per experimental plot). All seedlings growing
on all other microsites than on above defined logs
and stumps (including buttress, root-soil plates,
small woody remains, etc.) were recorded as
growing on the non-CWD microsites.
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2.3 Data Analysis

We decided to pool the data from the two experi-
mental plots since there were no significant differ-
ences in seedling densities on the logs, stumps and
non-CWD microsites between the experimental
plots on both sites (Mann-Whitney U-test was
used).

The Mann-Whitney U-test was used in order to
compare between seedling density on CWD and
non-CWD microsites. The seedling density of a
sample (log, stump, square 5x5 m) was counted
as the number of individuals (height 0-2 m) per
m? of the sample area. The area of logs was cal-
culated as the area of trapezoid and the volume
was calculated as the volume of truncated cone.
The basal area of stump was calculated from a
measured diameter at the half-height. The area of
stump (the microsite covered area) was calculated
as an area of a circle with the diameter equal to
1.2xmeasured diameter in order to consider its
taper near the ground. The 1.2 factor was derived
from the diameter at 0.0 height/diameter at 0.03
height ratio using stem shape of Norway spruce
(Smelko 2000).

Several up-rooted trees (logs without stumps)
and the stumps that had been cut (without logs)
were recorded on the experimental plots (Table
1). Analysis of densities, ages and height-age
relationship of seedlings between logs and stumps
were performed on pairs of stumps and the logs
they matched. These analysis were performed
to avoid the dependency of results on random
wind disturbances or artificial logs removal. The
stumps with two or more logs were included in
these analyses of pairs (separate logs were joined
together and considered as one log only).

The Binomial test was used to compare seed-
ling densities between stumps and the logs they
matched. Linear regression was applied in order
to find out how the seedling density was changing
between stumps and logs in relation to log decay
stage. The dependence of the stump/log seedling
density ratio on the log decay stage was tested.
The following formula was used:

DSi+1
DL +1

DR. :log( (1)

where DR; is density ratio, DS;is density on stump
i and DL, is density on the log originated from
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Fig. 1. The relationship between the number of verticils
and terminal bud scars on the apical shoot and
the number of rings in root collar is represented.
The solid line indicates the same values for both
methods of the seedling age estimate.

stump i. The Wilcoxon test was used to analyze
age differences of the tallest individuals on stumps
(root-soil plates) and on original logs (stems). The
regression analysis was performed in order to
examine the difference of the seedling growth
rates (height vs. age) on logs and stumps. We used
generalized linear models (Gamma distribution,
identity link function) with square root transfor-
mation of height measurements. In order to test
whether the seedling growth rates differed among
microsites we compared the slopes of regression
(parallelism test). All statistical analyses were
performed using the software R version 2.7.1,
available online (http://www.r-project.org).

2.4 Verification of Estimated Seedling Age

The estimate of seedling age was verified by closer
examination of 70 randomly chosen individuals
growing on CWD from wider surroundings of
plots. The number of verticils and terminal bud
scars visible on leader shoot was counted before
the seedlings were excavated. The annual rings
at the root collar were counted in the laboratory
under the microscope. The number of verticils
and bud scars was compared with the number of
tree rings of 52 individuals without adventitious
roots (Fig. 1). The remaining 18 individuals had
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Article history: Decaying logs form the major seedbed for trees in European subalpine  Picea abiesforests. However, many
Received 22 June 2011 aspects related to seedling colonization pattern on logs remain unclear. The aim of this study was to ana-
Received in revised form 15 November 2011 lyze the relationships of P. abies(Norway spruce) seedling (height <15 cm) and sapling (height P 15 cm)
Accepted 16 November 2011 densities on decaying logs in relation to stage of wood decay, log diameter, ground contact of decaying
log, assumed cause of tree death, presence of species of wood-decaying fungi and coverage by surround-
ing plants in the subalpine old-growth forests of the Bohemian Forest and Ash Mountains, in the Czech

;Z‘g?’;iid Republic. We have focused on how logs with different origin differ in their properties and how these
Fungi properties ineuence seedling abundance. Seedling densities peaked on the medium-decayed logs and
Natural regeneration decreased thereafter. Sapling densities continually increased as the decay progressed. Seedling and sap-
Picea abies ling densities followed negative binomial distributions, with many logs of all decay stages having low
Seedlings regeneration densities. The degree of ground contact, white-rot-causing Armillaria spp. presence,
Saplings white-rot-causing Phellinus nigrolimitatus presence and log diameter were positively related to both seed-
ling and sapling density. Also tree death as a result of wind uprooting was positively related to sapling
density. Conversely, the presence of brown-rot-causing Fomitopsis pinicola and tree death as a result of
bark beetle attack were negatively related to regeneration densities. The low cover of vegetation from
sides positively affected seedling density; however, heavily covered logs were less occupied by seedlings.
Our study provides evidence that large logs originating from wind uprooting or butt rot infection are
most appropriate for retention to promote natural spruce regeneration in managed subalpine spruce
forests.
O 2011 Elsevier B.V. All rights reserved.
1. Introduction ous forests of Japan (Nakagawa et al., 2001; Narukawa and
Yamamoto, 2002; Narukawa et al., 2003; Takahashi et al., 2000 ).
Decaying logs, stumps and other woody remnants are suitable Interestingly, in Swedish boreal forests, P. abieslogs were found
seedbeds for tree seedlings. This self-producing system of woody to be the most suitable substrate for P. abiesseedlings as well as
microsites for seedlings is found mainly for conifers and to a lesser the seedlings of broad-leaved species, whereas the logs of broad-
extent, for broad-leaved species ( Bellingham and Richardson, leaved species were almost unoccupied by seedlings ( Hofgaard,
2006; Lonsdale et al., 2008 ). The dependence of seedling recruit- 1993). On the other hand, Picea sitchensisseedlings occupied logs
ment on dead wood has been reported from various ecosystems of other coniferous species in the Paci€c Northwest ( Harmon and
and the largest dependence has been reported in the genus Piceg Franklin, 1989 ).
particularly in subalpine forests of North America, Europe and Ja- The succession pattern of spruce seedlings on logs in relation to
pan (Lonsdale et al., 2008). In European subalpine forest, popula- their decay stage was examined in the subalpine coniferous forests
tions of Picea abiesseedlings occupying dead wood microsites of Japan (Mori et al., 2004; Narukawa et al., 2003; Takahashi et al.,
may account for more than 50% of total regeneration, even in 2000) and Poland (Zielonka, 2006 ). The pattern was similar in both
semi-natural forest affected by timber extraction ( Baée et al., in regions. Seedling establishment on logs starts during the second
press; Svoboda et al., 2010). The total dependence of Picea jezoensis  decade after tree death in the subalpine spruce forests of Central
and Picea glehniiseedlings on dead wood was reported in conifer- Europe (Zielonka, 2006). At this time, litter and humus improve

nutrient and moisture conditions for survival and growth of seed-
S Coresoni . | . lings on logs (Harmon, 1987, 1989b; Takahashi et al., 2000 ). The
Corresponding author. Tel.: +420 224 383 405; fax: +420 234 381 860. optimum period for seedling emergence and survival occurs before
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(J. @&rvenka). et al., 2007; Zielonka and Piatek, 2004 ). The colonization of logs
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by bryophytes increases seed retention; however, an excessively
thick moss layer negatively affects the emergence and survival of
current-year seedlings ( Harmon and Franklin, 1989; lijima and Shi-
buya, 2010; Takahashi et al., 2000 ). The number of seedlings and
saplings growing on logs increases during the decomposition pro-
cess. After the peak of seedling density, the seedling establishment
rate slightly decreases due to intraspeci€c and interspeci€c compe-
tition with herbs and dwarf shrubs ( Mori et al., 2004; Nakagawa
et al., 2003; Zielonka, 2006 ). The end of the seedling establishment
period is more variable than the start, depending largely on the
variability in the time period before complete decomposition
(Harmon, 1989a; Holeksa et al., 2008; Zielonka, 2006 ) since the
seedling recruitment occurs on logs in the most advanced stages
of decay and its rate is still greater than on the bare ground
(Zielonka and Piatek, 2004 ).

Results by Harmon (1989a) indicate that spruce seedling density
is very variable within all decay stages of logs and has to be essen-
tially affected by other properties of logs. The ineuence of these
properties has not yet been suf€ciently researched. A range of
organisms, of which wood-decomposing fungi play a major role,
change the chemical composition and the structure of wood
(Rayner and Boddy, 1988). Wood is decomposed by fungi resulting
in different types of rot ( RypAgek, 1957; Schwarze et al., 2000 ). Fun-
gal species composition can differ considerably among spruce logs
resulting in a varying prevalence of either white- or brown-rot
(Pouska et al., 2011; Renvall, 1995). It is likely that the type of fun-
gal rot determines seedling establishment, growth and survival;
however, only few references to this relationship are found in liter-
ature. Vacek (1982) stated that wood affected by brown-rot fungi is
more suitable for the establishment of P. abiesseedlings than wood
affected by white-rot fungi. He explained this by the absorbent,
sponge-like properties of brown-rotted wood, which allows it to
maintain higher moisture content during dry periods (  Blanchette,
1980). However, Liéka (2002) found that wood affected by white-
rot fungi had greater P. abiesseedling densities. The diameter of
log is another rarely studied variable. Only  Takahashi (1994), inves-
tigating seedling density, reported that small-diameter fallen logs
(<20 cm) do not provide a suitable substrate for  P. glehniiseedlings.
Changes in bark cover on logs of different tree species may also lead
to various patterns of natural regeneration establishment and sur-
vival since bark fragmentation kills a large proportion of seedlings
on P. sitchensidogs (Harmon, 1989a ). lijima and Shibuya (2010) re-
ported that recently fallen logs with bark and no moss or thin moss
cover (<20 mm) appear to be the most suitable substrates for the
regeneration of P. jezoensisn Japan.

The retention of logs in managed forests can support spruce
regeneration. In Japan, Nakagawa et al. (2001) demonstrated that
selection cutting in the sub-boreal forest of Hokkaido resulted in
the reduction of P. jezoensisseedling numbers since the amount
of dead wood, the crucial regeneration substrate for P. jezoensis
was reduced. Nakagawa et al. (2001) stressed that forest manage-
ment policy needs to be changed to retain suf€cient amounts of
suitable dead wood. Studies evaluating the best conditions for
seedling recruitment are needed to aid forest managers in deci-
sion-making, in terms of which dead wood is the most suitable
for retention and therefore what type of dead wood management
is suf€ciently effective in supporting natural regeneration along
with minimizing economic losses.

With the exception of the stages of log decay, existing knowl-
edge about the properties of logs is largely de€cient and limited
to few regions ( lijima and Shibuya, 2010; lijima et al., 2007; Mori
et al., 2004; Takahashi et al., 2000 ). No research for treating multi-
ple log characteristics in relation to regeneration was conducted in
Central Europe. Therefore, in this study, we focused on Norway
spruce seedling and sapling densities on decaying logs in relation
to: log diameter, stage of wood decay, ground contact, assumed

cause of tree death, species of wood-decaying fungi and coverage
by surrounding plants. We examined which characteristics ineu-
ence the colonization pattern of Norway spruce seedlings on logs
in two subalpine old-growth forest stands. The critical new point
of our study is the study of a range of log variables, most of which
has not yet been evaluated. We have focused on the origins of logs
to examine how logs with different origins vary in their properties
and how these properties ineuence seedling and sapling
abundance.

2. Methods
2.1. Study sites

This study was conducted in two subalpine spruce forests in the
Czech Republic. The €rst site, TrojmeznA, is situated in the south-
ern part of the Bohemian Forest (éumava; 48 °47WN, 13°49E) in
the south-western part of the country. Subalpine spruce forests
are found between 1150 and 1450 m a.s.l. The altitude of our study
plots ranges from 1220 to 1270 m. The aspect is northern on a gen-
tle slope (up to 8 °). The mean total annual precipitation is approx-
imately 1300 mm and the mean annual temperature is
approximately 3.5 °C (period 1961+2000, Climate Atlas of Czechia).
Maximum snow depth is about 2 m. The bedrock is coarse-grained
granite ( KopAdek et al., 2002). Plant communities were classi€ed as
Athyrio alpestris-Piceetum (NeuhiuslovA and Eltsova, 2003 ) with
high fern Athyrium distentifolium undergrowth. The area of interest
was established as a natural reserve in 1933 and it became a part of
éumava National Park in 1991. Norway spruce ( P. abieg and the
less abundant rowan ( Sorbus aucuparig dominate the forest ( Svo-
boda and Pouska, 2008). The majority of trees on the site were
more than 200 years old ( Svoboda et al., 2011). According to the
Natural Forests' Databank of the Czech Republic, the stands were
classi€ed as natural forests with low human ineuence in the past
(Vrika et al., 2004 ). The stand adjacent to nature reserve from
down slope was established in the second half of the 18th century
following stand replacing disturbance ( Svoboda et al., 2010). The
canopy closure for the study plots was 26% in 2005 ( Bade et al.,
2009).

The second site of interest, Eustaika, is situated in the central
part of the Ash Mts. (Hruby ™~ JesenOk; 566N, 17°15%) in the
north-eastern part of the Czech Republic. Subalpine spruce forests
occur between 1050 and 1350 m a.s.l. in these areas. The altitude
of our study plots ranges from 1220 to 1250 m. The aspect is
south-eastern, on a gentle slope (to 10 °). The total annual precipi-
tation is approximately 1300 mm and the mean annual tempera-
ture is approximately 3 °C (period 1961+2000, Climate Atlas of
Czechia). Maximum snow depth is around 2 m. The bedrock is
chloriteesericite phyllite and quartzite. Plant communities were
classi€ed as Calamagrostio villosae Piceetum (Banai et al., 2001)
with  Vaccinium myrtillus undergrowth. The old-growth forest
(50 ha) where the study site is located has been of€cially protected
since 1969. The stands are dominated by Norway spruce ( P. abieg
and are classi€ed as near-natural forest, according to the Natural
Forests' Databank of the Czech Republic ( Vrika et al., 2004 ). The
canopy closure for the study plots was 39% in 1999 (unpublished
results). The densities and height structures of regeneration on
logs, stumps and non-woody microsites at both sites have been de-
scribed in detail in Bade et al. (in press) .

2.2. Data collection

Two, closely situated, 1 ha permanent plots (100 100 m) were
selected at both sites. The plots were selected in an undisturbed
natural forest to minimize human ineuences such as logging or
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salvage logging where logs would have been removed or debarked.
The sampling was carried out at the end of the growing season in
2008. Logs of length P 2 m and diameter at largerend P 0.1 m orig-
inating from stumps, snags or living trees which occurred within
the plot, were sampled. Position, length and the diameters at both
ends of the logs were measured using Field-Map (IFER-MMS, Field-
Map Technology, 2009, http://www.€eld-map.com ).

To examine which properties of decaying logs affect natural
regeneration, all spruce individuals were counted. Those that had
established by the end of the last growing season were allocated
into height classes (04; 5¢9; 10+14; 15¢19; 20+30; 3040 cm;
etc.). Current-year seedlings were not included, since their num-
bers could change during the data collection. Natural regeneration
growing on the root plates of uprooted trees was not included. The
seedlings of other rarely occurring tree species ( S. aucuparia Pinus
sylvestris, and Betula pendula) were not included. The age of the
tallest individual of natural regeneration on each log was esti-
mated. The age estimation was based on the number of verticils
and terminal bud scars visible on the aboveground and, eventually,
underground stem in the cases of individuals with adventitious
roots formation above the hypocotyl region ( Baée et al., in press;
Zielonka, 2006).

Decay stage, ground contact, surrounding vegetation, dominant
rot fungi on log and assumed cause of tree death were recorded for
each log. The decay stage was assessed according to Sippola and
Renvall (1999), where the determination of decay is primarily
based on the depth of penetration of an iron spike. The determina-
tion of ground contact was based on the length of log connected
with the ground. The degree of surrounding vegetation was desig-
nated by the area of log covered by vegetation. The determination
of dominant rot fungi was based on the single presence of domi-
nant fungal species « Armillaria spp., Phellinus nigrolimitatus and
Fomitopsis pinicola. We chose these three fungal species because
of their frequent occurrence at the sites (  Pouska et al., 2010) to as-
sess the ineuence of fungal rot type on regeneration density and
development. If any other fungal species dominated a log or if
there was any combined presence of abovementioned species, they
were recorded as “other species”. The presence of fungal species on
the logs was determined, based on both the occurrence of sporo-
carps and their typical rot. The logs were also classi€ed according
to cause of tree death, such as: bark beetle (mainly Ips typographus,
Lausch et al., 2011), competition, butt rot, windthrow and undeter-
mined origin. The determination of cause of tree death and all
other characteristics describing the properties of logs are listed
and explained in Table 1.

2.3. Data analysis

The densities in each height class of regeneration were calcu-
lated as the number of individuals per square metre of log. The area
of log was calculated as the area of trapezoid. The logarithmically
transformed densities of individuals strati€ed to height classes
were analysed using indirect (unconstrained) ordination method
to display similarities in their distribution. Principal component
analysis (PCA) was performed on samples split by site. On the basis
of the PCA results, we decided to group the response variable into
two height classes (<15 and P 15 cm) and analyse the pooled sam-
ple of both sites with the variable representing particular site. The
high densities of smaller regeneration occurred on different logs
than high densities of taller regeneration at both sites. We chose
the boundary of 15 cm since this value divided regeneration into
two equally wide groups in the space of PCA diagram. Therefore,
the number of seedlings <15 cm and number of saplings P 15cm
were used as two response variables.

The effects of explanatory variables ( Table 2) on seedling and
sapling number were evaluated using generalized linear models

(GLMs) with a negative binomial error structure and log link
function. The area of log was incorporated into the model as off-
set term to compensate for the variable size of samples
(Faraway, 2006). The inclusion of the area as offset term results
in €tting a model for the rate of occurrence. Therefore, the terms
seedling and sapling density instead of number are used when
interpreting GLM results. The correct interpretation of the pre-
dicted response to the level of factor is the number of individu-
als per log with this particular level. Model selection was
performed using the Akaike information criterion (AIC) in a for-
ward stepwise selection procedure, starting with the null model
(with offset term). The AIC enables models to be compared tak-
ing into account the total explanatory power of the model and
the number of variables in the model. The AIC is de€ned as <2
maximized log-likelihood + 2 number of parameters. The AIC
therefore penalizes models with more variables. The procedure
stops when the AIC cannot be improved. The model with the
lowest absolute value of AIC is the most parsimonious. The qua-
dratic terms of predictor variables were incorporated into mod-
els (as a separate choice without €xation to linear term) to
detect possible non-linear effects. The signi€cance of differences
among levels of factors was tested using the method of posterior
combination. The levels were merged if their merging did not
cause signi€cant change in a model using Chi-square test. We
tested for differences in the effect of predictor variables between
seedlings and saplings using parallelism tests. All predictors, fac-
tors and response variables are summarized in Table 2.

Spearman's rank correlation was used to analyse the relation-
ships between predictor variables and the causes of tree death.
The statistical analyses were performed using the software Canoco
for Windows 4.5 ( ter Braak and émilauer, 2003 ) and the software R
version 2.11.1 (R Development core team, 2010 ) using libraries
“"MASS" and "vioplot".

3. Results

The total number of Norway spruce individuals on all 398 logs
was 7532 (without current-year seedlings) and the corresponding
area of logs was 1499.4m?2. No regeneration was found on
103 logs, 1¢10 individuals were found on 152 logs and 143 logs
had more than 10 seedlings or saplings. The highest number of
individuals on a single log was 565. Therefore, the distributions
of both the density of seedlings and saplings were over-dispersed
with many low (including zero) values at all decay stages exam-
ined (Fig. 1). The over-dispersion of the sapling density was higher
than the over-dispersion of the seedling density ( Table 3). Mean
seedling and sapling density was 3.0 and 2.0 individuals per square
metre of log, respectively.

Seedlings begin to appear at a rather low abundance in decay
stage 2. The highest seedling densities occurred at the decay stages
3 and 4 and decreased in decay stage 5. The sapling density contin-
ually increased with the decay progression ( Fig. 1). The age of the
tallest individual depended on the decay stage of a given log since
the median age of the tallest individuals increased with the log de-
cay progression (KruskalsWallis test; P<0.001, Fig. 2).

The model for the seedling density explained less variability
than the model for the sapling density ( Table 3). The decay stage
was not signi€cant for the seedling density. In contrast, the effect
of decay stage on sapling density was signi€cant. Sapling density
increases non-linearly with increasing decay stage, as demon-
strated by the negative quadratic €t of the decay stage in the model
(Table 3). The steep increase of sapling number with decay pro-
gress slows down between decay stages 4 and 5, where the model
predicts the maximal values of sapling number. Both seedling and
sapling density were positively related to diameter at larger end of



R. BdE et al./Forest Ecology and Management 266 (2012) 254+262

Table 1
Characteristics recorded on logs.

257

Characteristic Description

Decay stage

phloem present in at least some places

The stage of decay on a €ve-degree scale according to Sippola and Renvall (1999) using an iron spike (length 20 cm, max. diameter 7 mm):
1« Recently dead trunk/piece of wood; wood is hard (spike penetrates only a few mm into the wood), completely covered with bark, fresh

2 « Wood mostly hard (spike penetrates 1+2 cm into the wood), most of the bark left (though not necessarily for bark beetle-infested trunks),

fresh phloem absent

3« Wood partly decayed on the surface or in the centre (spike penetrates 3¢5 cm into the wood), large pieces of bark usually loosened or

detached

4 « Most of the wood soft throughout, the whole spike (15+20 cm) penetrates into the wood (depending on wood diameter). However, the central

parts can remain hard, while the surface layers of the wood can be missing
5« Wood very soft, disintegrates when lifted; trunk usually covered by a vegetation layer

Ground contact (1+4):

1+ The log touches the ground with less than
2+ 135 to @ of the log on the ground

3+Upto % of the log on the ground

4« The log lies on the ground for more than

Ground contact

Area of the log covered by vegetation (1+4):

1+ Up to 5% of the log covered from the sides

2+ 6 to 25% of the log covered

3+ 26 to 50% of the log covered

4 « More than half of the log's length covered by vegetation

Surrounding
vegetation

Dominant rot fungi

15 of its length

% of its length

Armillaria spp. ¢ log was dominated by Armillaria spp. (rot and/or rhizomorphs)

Phellinus nigrolimitatus « log was dominated by Phellinus nigrolimitatus

Fomitopsis pinicola « log was dominated by Fomitopsis pinicola

Other species * log was dominated by other species or there was any combined presence of abovementioned species

Cause of tree death

Bark beetle « recorded if a log originated from a typical clumped group of dead mature trees
Competition « a log originating from a tree that had been likely to grow under the dense canopy prior to its death

Butt rot erecorded if a sporocarp and/or typical rot of a root and butt parasite was found near the base of a lying tree

Windthrow « uprooting of live trees

Undetermined « recorded if the cause of tree death was not obvious

Table 2
Variables used in the generalized linear models. Response variables, predictor variables and levels of factors with their characteristic values.

Variable type Variables Values (Units) Mean sD ? MmT® ME® Dif.¢

Response Seedling (<15 cm) number 0401 ( V) 11.2 30.6 15.9 6.7 0.002
Sapling (P 15 cm) number 0230 ( V) 7.7 20.7 10.1 5.3 0.699

Predictor Decay stage 2;3;4;5 3.42 0.93 3.36 3.48 0.211
Site (TrojmeznA « Eustaika) 0=Tr; 1=Eu. 0.51 0.50 0.0 1.0 .
Diameter at larger end 0.10+1.10 m 0.40 0.19 0.44 0.37 0.005
Ground contact 1;2;3;4 3.19 1.04 3.11 3.27 0.218
Surrounding vegetation 1;2;3;4 2.28 1.09 2.81 1.76 <0.001

Factor Dominant rot fungi: Factor (4 levels)
Armillaria spp. 0;1 0.14 0.34 0.16 0.11 0.154
Phellinus nigrolimitatus 0;1 0.11 0.32 0.17 0.07 0.001
Fomitopsis pinicola 0;1 0.08 0.26 0.08 0.08 0.932
Other species 0;1 0.67 0.47 0.59 0.74 0.001

Factor Cause of tree death: Factor (5 levels)
Bark beetle 0;1 0.07 0.25 0.11 0.02 <0.001
Competition 0;1 0.13 0.34 0.10 0.16 0.096
Butt rot 0;1 0.11 0.31 0.11 0.10 0.791
Windthrow 0;1 0.10 0.30 0.10 0.10 0.921
Undetermined 0;1 0.60 0.49 0.57 0.62 0.337

2 Standard deviation.

b Mean for TrojmeznA.

¢ Mean for Eustaika.

4 Pvalue of difference among variable from TrojmeznA and Eustaika calculated using MannsWhitney U test.

log. The seedling density increased more steeply with increasing
diameter than sapling density (Parallelism test; P=0.047). The po-
sitive effect of ground contact on spruce density was con€rmed by
both seedling and sapling models with similar estimates (Parallel-
ism test; P=0.380). The signi€cant positive linear term of sur-
rounding vegetation on seedling density along with negative
quadratic €t indicate that the effect of vegetation from sides is
non-linear. The ineuence of surrounding vegetation has a uni-
modal course with peak between 6% and 25% of area covered by

side vegetation. No effect of surrounding vegetation on sapling
density was demonstrated. The variable representing site was the
only one predictor variable which was not signi€cant in both
models.

A signi€cant effect of fungal rot on spruce densities on logs ap-
peared in both seedling and sapling models. The presence of Armil-
laria spp. or P. nigrolimitatus rot had a positive signi€cant effect on
seedling as well as sapling density, when compared to logs domi-
nated by F. pinicola Brown-rot-causing F. pinicola negatively
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Fig. 1. The density of seedlings (a) and the density of saplings (b) vs. the decay stage of logs. The €gure shows that seedling density and sapling density distribution is over-
dispersed at all decay stages. Seedling density increased until decay stage 4 and slightly decreased at decay stage 5. Sapling density continually increased with decay progress.
A violin plot represents median, 25% and 75% quartiles, range without outliers and Kernel density estimation of regeneration densities.

Table 3

GLM results of the effects of variables on the number of spruce seedlings (individuals
<15 c¢m) and saplings (individuals P 15 cm) followed by predicted means of response
for levels of two factors. The abbreviation “"Sig." indicates that factor was chosen to
the model. Different lower case letters indicate signi€cant differences ( P6 0.05)
among levels according to the method of posterior combination. The dispersion
parameter is the aggregation value with lower values indicating a higher degree of
over-dispersion (aggregation) in distribution of response variable.

Seedlings Saplings
Parameter estimate
Site (TrojmeznA « Eustaika)
Decay stage 6.53
(Decay stage)? §0.68
Diameter at larger end 212 0.94
Ground contact 0.50 0.45
Surrounding vegetation 0.62
(Surrounding vegetation) 2 y 0.15
Dominant rot fungi Sig. Sig.
Cause of tree death Sig. Sig.
Mean no of individuals per log
Armillaria spp. 25.82 11.82
Phellinus nigrolimitatus 27.17 35.8%
Fomitopsis pinicola 3.5° 0.3°
Other species 7.0° 5.4°
Bark beetle 1.62 0.0%
Competition 42° 3.2°
Butt rot 40.7 ° 6.8°
Windthrow 14.1 ° 14.3¢
Undetermined 8.7°" 11.4°
Null deviance ( df) 530.9 (397) 695.1 (397)
Residual deviance (df) 417.2 (386) 340.3 (386)
Explained variability 0.21 0.51
Dispersion par. of null model 0.49 0.21

affected regeneration density, especially in the case of sapling den-
sity, where logs decayed by this fungus signi€cantly differed from
logs with Armillaria spp., P. nigrolimitatus as well as from logs dom-
inated by other species ( Table 3). The logs hosting P. nigrolimitatus
or Armillaria spp. had more than seven times higher seedling den-
sities than logs hosting F. pinicola. This disproportion was even
more pronounced in sapling model, where logs with  P. nigrolimita-
tus had more than one hundred times higher sapling density than
logs with F. pinicola. A signi€cant difference between Armillaria
spp. and P. nigrolimitatus was not found, although logs decayed
by P. nigrolimitatus had approximately three times higher sapling
densities than logs decayed by Armillaria spp.
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Fig. 2. The relationship between the age of the tallest individual on a particular log
and the decay stage of a log showing increasing median age of the tallest individuals
with decay progress. A violin plot represents median, 25% and 75% quartiles, range
without outliers and Kernel density estimation of ages.

The cause of tree death also affected both seedling and sapling
densities. However, only one signi€cant difference in the seedling
model was found, namely between logs originating from trees
killed by bark beetles and all the other logs with other origin. This
difference was con€rmed in the sapling model and, in addition,
there was demonstrated a positive effect of logs originating from
trees that died as a result of wind uprooting. Logs originating from
trees that died as a result of a butt rot and wind uprooting had
higher seedling and sapling densities than logs originating from
trees dying as a consequence of competition and markedly higher
densities than logs originating from trees killed by the bark beetles.
For other predicted means for each level, see Table 3.

Logs with various causes of tree death differed in some charac-
teristics. Logs originating from trees that died as a result of the bark
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beetle infestation were less frequently occupied by  Armillaria spp.
and were more frequently occupied by F. pinicola. The logs which
originated from trees that died because of competition were smal-

ler, were less frequently occupied by Armillaria spp. and less fre-
quently occupied by F. pinicola. The logs originating from butt rot
were thicker and were frequently occupied by  Armillaria spp.,
and those originating from wind uprooting were thicker and fre-
quently decayed by F. pinicola. For other correlations, see Table 4.

4. Discussion
4.1. Seedling colonization pattern

The colonization pattern of seedlings on logs in relation to their
decay stage found in this study was similar to those found in the
subalpine coniferous forests of Japan ( Mori et al., 2004; Narukawa
et al., 2003; Takahashi et al., 2000 ) and Poland (Zielonka, 2006 ).
The median age and the number of seedlings growing on the logs
increased with the progression of decomposition (Figs. 1 and 2).
Regeneration densities decreased at the most advanced stages of
decay due to intraspeci€c competition and interspeci€c competi-
tion with herbs and dwarf shrubs ( Mori et al., 2004; Nakagawa
et al., 2003; Zielonka, 2006; Zielonka and Piatek, 2004 ). Neverthe-
less, it is worth emphasising that regeneration densities are vari-
able within all decay stages of logs ( Fig. 1).

The mean regeneration density (total number/total area) on P.
abies logs was 5.2 mY?2 (this study; including current-year seed-
lings) and 5.9 m Y2 recorded in the study from Poland ( Zielonka,
2006). However, lijima et al. (2007) reported 24.8 m Y2 on P. jezoen-
sis and Abies sachalinensislogs and Harmon (1989a) reported
approximately 40 m Y2 on P. sitchensislogs. These differences may
have arisen due to both various site speci€c conditions and various
log properties. The forest age and disturbance regime also affect
regeneration density and height structure and dead wood quality
and quantity. Light is a crucial factor that is related to forest
dynamics and affects regeneration process. Unfavourable light con-
ditions are the limiting factor for the growth of seedlings and sap-
lings under closed canopies of subalpine spruce forest ( Baée et al.,
2009; Holeksa et al., 2007; Svoboda et al., 2010 ). The time period
for surviving under dense canopy is limited ( Kobe and Coates,
1997); therefore some older seedlings are replaced by a new cohort
after a subsequent mast year ( Zielonka, 2006). The period of this
limitation is well documented on our one-hectare study plot on
TrojmeznA, where almost no saplings have exceeded the height
of 2 m during the recent 100 years ( Janda et al., 2010). When upper
tree layer is disturbed, increased light will result in greater asym-
metric competition among regeneration. The recruitment of new
seedlings is also reduced by expanding forest eoor vegetation

Table 4

(Holeksa, 2003). The vegetation might even affect the abundance
of seedlings on logs ( Table 3). Consequently, the total number of
seedlings starts to decrease (JonAiovA and Prach, 2004).

The process leading to seedling and sapling density studied on
logs consists of seed interception, retention, germination, early
post-emergence mortality, later mortality rate and growth rate. It
is dif€cult to decide, which factors are mostly responsible for
regeneration densities, in which phases, and to what extent. For in-
stance, the aspects ineuencing interception of seeds are not suf€-
ciently known in subalpine forests. Spruce seeds, deposited
during winter time, are often blown over the frozen snow surface.
The logs arising over the snow cover likely can trap these seeds
(Baier et al., 2007). Freshly fallen stems with no signs of decompo-
sition have a small number of crevices where seeds can intercept
and retain. Therefore, the decay, litter accumulation and moss col-
onization progress can improve seed trapping potential of young
logs (Harmon, 1989b; lijima et al., 2007 ). In contrast, early post-
emergence mortality rate of Picea jezoenisvar. hondoensisseedlings
increase with progressing wood decay in subalpine forest of Cen-
tral Japan (Mori and Mizumachi, 2005 ). In the same region, it
was found that differences in initial survivorship was the main fac-
tor in the creation of seedling-substrate associations ( Mori and
Mizumachi, 2005; Mori et al., 2004 ). Therefore, in the following
discussion, we attribute the reasons for different regeneration den-
sities especially to initial survivorship.

4.2. Diameter, organic matter supply and moisture stability of logs

The diameter at a log's larger end had a positive relationship
with seedling and sapling densities ( Table 3). Therefore, larger logs
supported seedling abundance substantially more than it would
simply correspond to their area increment.  Takahashi (1994) sta-
ted that small-diameter fallen logs (<20 cm) do not provide a suit-
able substrate for P. glehniiseedlings, regardless of the surrounding
vegetation type. In addition, Harmon and Franklin (1989) did not
€nd any relationship between the increase of the dead wood above
ground level and seedling density in their experimental study.
Therefore, although larger logs do favour seedling abundance
through reducing interspeci€c competition, they also provide bet-
ter conditions for natural regeneration since their moisture condi-
tions are more stable than in smaller logs ( Renvall, 1995).
Increased log diameter results in a smaller surface to volume ratio
exposing a smaller portion of wood to drying. Drought stress can
be one of the causes of low seedling density ( Narukawa et al.,
2003; Takahashi et al., 2000 ). However, the effect of diameter on
seedlings was signi€cantly steeper than its effect on saplings. This
can indicate that intraspeci€c competition amongst natural regen-
eration can be more intense on logs with larger diameter; both

Spearman's rank correlation coef€cients between the levels of factor cause of tree death and other predictor and factor variables on logs.

Bark beetle Competition Butt rot Windthrow Undetermined

Site (TrojmeznA « Eustaika) y0.19™ 0.03 ¥ 0.01 §0.01 0.05
Decay stage y0.27"" §0.02 §0.22™ §0.10 0.35™
Diameter at larger end 0.09 y0.33™ 0.31" 017" §0.12"
Ground contact y0.25™ 0.03 §0.20™" y0.13™ 0.317
Surrounding vegetation 0.00 0.05 y 0.05 0.00 y 0.02
Armillaria spp. §0.14" §0.15" 0.32"™ 0.04 § 0.05
Phellinus nigrolimitatus y0.10 §0.05 §0.05 §0.07 0.15"
Fomitopsis pinicola 0.41™" §0.15™ 0.03 0.18™ y0.23™"
Other species ¥ 0.07 0.11" §0.10" 0.07 ¥ 0.02

Bold values are signi€cant at P-values of 0.05 or lower.
No asterisk: P> 0.05.

* 0.01<P6 0.05.

* 0.001<P6 0.01.
" P6 0.001.
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because of higher densities and because of less growth-space per
individual outside the area of log. Optimally distributed individuals

on the area of narrow rectangle have more free space outside this
rectangle than individuals of the same density on the area of a
wider rectangle.

The signi€cant ineuence of surrounding vegetation with uni-
modal course indicates that when logs are situated in places with-
out any cover of vegetation from the sides, they are less occupied
by seedlings than logs under conditions of moderate vegetation
shading. In contrast, high cover of side vegetation has a negative
effect on seedling density. Based on the signi€cant unimodal €t
of surrounding vegetation and positive effect of log-to-ground con-
tact on seedling densities (these two variables were positively cor-
related, result not shown), it seemed that seedlings which
regenerated on younger (more elevated and moderately decayed
logs) were favoured by greater shading of side vegetation and also
by the supply of litter from surrounding plants. The survival and
growth of seedlings are enhanced on logs supplemented with or-
ganic matter. The litter improves nutrient and moisture conditions
(Harmon, 1987, 1989b; Takahashi et al., 2000 ), which in turn, can
reduce drought stress. As the log becomes more decayed, it gets
nearer to the ground, the depth of the litter layer therefore, in-
creases (Harmon, 1987; Harmon and Franklin, 1989 ) and the effect
of surrounding vegetation changes from positive to negative.

4.3. Fungi and rots

We discovered a positive effect of the presence of Armillaria spp.
and P. nigrolimitatus on seedling and sapling densities compared
with F. pinicola. Brown-rot-causing F. pinicola, in particular, nega-
tively affected sapling density, when logs prevalently decayed by
this fungus signi€cantly differed from logs with Armillaria spp.
and P. nigrolimitatus. Logs with P. nigrolimitatus had more than
one hundred times higher sapling density than logs with F. pinicola.
It is important to note that the sporocarps and the decay patterns
of P. nigrolimitatus start to appear on the surface of logs from the
decay stage 3, while Armillaria spp. and F. pinicola start from decay
stage 2 (Pouska et al., 2011; Stokland and Kauserud, 2004; Ylisirnil
et al., 2009). Nevertheless, logs decayed by P. nigrolimitatus had
approximately double the sapling densities of all logs in decay
stage 5; although the logs of decay stage 5 had the highest sapling

density of all decay stages ( Fig. 1). It appears that the presence of P.

nigrolimitatus is crucial in facilitating high seedling densities on
decaying logs.

We are unable to decide which features of rots are more spe-
cies-speci€c and which properties can be simply attributed to
brown- and white-rot type. For instance, no cation concentration
trends were found to be unique for group of brown- or white-rot
fungi ( Ostrofsky et al., 1997 ). However, there are proprieties that
are typical for each group and have possible effects on seedling col-
onization patterns. The lower suitability of wood subjected to
brown-rot fungi, with regard to seedling establishment and sur-
vival, can be caused by a lower mechanical stability of such logs
(Goodell, 2003), lower nitrogen €xation rates ( Jurgensen et al.,
1989), lower pH ( RypAgek, 1957) and a lower water-soluble
nutrient content ( Takahashi et al., 2000). The wood decayed by
Armillaria spp. can supply a higher concentration of Ca, Mg and K
cations to seedlings as opposed to F. pinicola (Ostrofsky et al.,
1997). The reason for the suitability of logs with  P. nigrolimitatus
for regeneration survival might be the mechanical stability of its
white-pocket rot, which is characterized by spindle-shaped zones
of white €bres surrounded by sound wood ( Blanchette, 1980 ). This
solid structure can reduce toppling of trees, a phenomenon re-
ported by Harmon (1989a) . We also believe that mycorrhizal
assemblages are important for seedling establishment and sur-
vival. Differences in mechanical and chemical properties of logs,

in addition to various interactions between wood-decomposing
and mycorrhizal fungi (e.g. Dighton et al., 1987; Lindahl et al.,
1999; Wallander et al., 2006 ) are likely to affect the formation of
mycorrhizae. However, conditions ineuencing the colonization of
logs by mycorrhizal fungi have not been suf€ciently studied (but
see e.g. Goodman and Trofymow, 1998; Iwan “ski and Rudawska,
2007; LepiovA, 2001; Rajala et al., 2011; Tedersoo et al., 2003 ).

The signi€cant effect of the cause of tree death indicates that
there is reduced regeneration density on logs originating from
bark-beetle induced mortality. The logs affected by the bark beetle
attack are commonly decayed by less suitable F. pinicolarot ( Table 4;
see alsoJankovsky et al., 2002; Pouska et al., 2011; Schroeder, 2007 )
since the bark beetles facilitate the entry of ~ F. pinicolaspores into in-
fested trees (Persson et al., 2009, 2011; Pettey and Shaw, 1986 ). In
addition, bark beetle infestation creates larger canopy openings,
and the logs situated in an open space are exposed to higher temper-
ature and moisture suctuations. These conditions under the large
canopy openings can be the additional reason for lower regeneration
density on logs originating from bark-beetle induced mortality.

If the presence of P. nigrolimitatus in logs is a major cause of en-
hanced Norway spruce seedling densities, logging is likely to have
negative effects on the natural regeneration since P. nigrolimitatus
is very sensitive to logging disturbance in managed forests, where
even seemingly suitable logs are almost unoccupied by this species
(Stokland and Kauserud, 2004 ). Wood-decaying fungi play an
important role in the self-producing system of woody microsites
for Norway spruce seedlings. This complex system can easily be
disturbed by wood removal. The restoration potential of this com-
pound self-producing system of microsites in human-altered for-
ests can be limited by the ability of sensitive fungal species to
re-colonize these forests (e.g. Edman et al., 2004a,b).

5. Conclusions

This study provides evidence that spruce seedling densities are
very variable within all decay stages of logs and are additionally af-
fected by log diameter, ground contact of decaying log, species of
wood-decaying fungi and coverage by surrounding plants. Logs orig-
inating from butt-rot were larger and were more frequently occu-
pied by Armillaria spp. Logs originating from wind uprooting were
also larger. These properties are considered to be favourable for
abundant seedling recruitment. In contrast, there was reduced occu-
pation by seedlings on logs originating from trees killed by bark bee-
tles since most of them were being decayed by brown-rot-causing  F.
pinicola, which is less suitable for spruce regeneration. Logs originat-
ing from trees which died because of competition were less suitable
for seedlings because of their smaller size. It is recommended that
the logs created as a result of butt rot and windthrow should be re-
tained to support successful natural regeneration in managed forests
naturally dominated by Norway spruce.

We recommend using smaller segments of logs as sampling
units (instead of whole logs; as in lijima et al., 2007 ) in future re-
search since sampling whole logs did not appear to record the var-
iability in major properties along the log. In addition, closer focus
should be made on the early and medium decay stages, during
which the majority of spruce seedlings appear to establish.
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