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UPROOTING AS A DISTURBANCE FACTOR AFFECTING NATURAL
REGENERATION CONDITIONS

VYVRATY JAKO FAKTOR OVLIVNUJICI PODMINKY PRO PRIROZENOU OBNOVU

DusaN KACALEK

ABSTRACT

One of the most visible disturbing processes of upper part of soil is shaping of ex-
cavated mounds derived from tip-up tree roots created by windthrows within the
mature stand. This process diversifies forest floor conditions affecting either emer-
gence or survival of seedlings. There were investigated conditions onto and around
existing tip-up mounds in the three mixed mature stands in the Orlické hory Mts.,
the Czech Republic. The numbers of both seedlings and saplings were recorded in
relation to percent cover of litter there. Even though the exposition of mineral soil
has been considered as suitable measure to promote emergence of tree species se-
edlings, the tip-up mounds are likely to play rather marginal role in regeneration
process under conditions of nearly closed canopy within the stands investigated.
Considering that just a brief investigation has been done, the paper brings preli-
minary information on the topic of interest. The article aims to point the mentioned
process out; to evaluate state of regeneration based on the investigation; and to ga-
ther information on the topic from literature sources.
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ABSTRAKT

Z hlediska diverzifikace stavajicich piidnich pomeérii je opticky nejvyraznéjsim je-
vem tvorba vyvratii jako diisledek prirozeného vypadavani jedincii materského po-
rostu v dusledku vétrnych polomii. Tyto procesy méni vyrazné poméry pudniho po-
vrchu a tim také podminky vzniku prirozené obnovy. Poméry stavu prirozené ob-
novy na a v okoli parezovych vyvratii byly sledovany v ramci tri smisenych porostii
v Orlickych hordch. Hodnocen byl predevsim pocet semendckii a jedincii z priroze-
né obnovy ve vazbé na vyskyt krytu povrchového humusu. Ackoli je odkryti mine-
ralni piidy povazovano za vhodné opatieni k podpore vzchazeni semendckii dievin,
Jevi se role vyvratii v procesu vzniku obnovy pod krytem materského porostu vzhle-
dem k jejich Cetnosti vyskytu ve sledovanych porostech spise okrajova. S ohledem
na orientacni charakter provedenych Setieni povazuji zavéry studie za predbézné.
Cilem prispévku je tedy upozornit na existenci popisovaného jevu v lesnich poros-
tech, zhodnotit stav obnovy na zakladé viastniho Setient a studiem odborné litera-
tury shromazdit jiz diive publikované informace.

Kli¢ova slova: prirozend obnova, vyvraty, naruseni pudy

INTRODUCTION

The forest soil should not be considered an intact profile from long-term point of
view. Among many types of natural forest-soil disturbances, a process called flo-
ralturbation is one of the most visible processes causing local alterations of fo-
rest floor conditions. For example, whole profile may be strongly influenced by
tree falls. When the individuals of mature stand fall down, an uprooting base of
tree creates local disturbance of soil profile (Schaetzl et al. 1989). Roots dislodged
from the ground usually excavate part of mineral soil over the ground creating
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Fig. 1: A mound of exposed soil created by treefall;

the tree had fallen downwards the slope. Se-
edlings and saplings emerged especially on
the lower parts of the mound covered with
litter recently; there is still obvious bare
mineral soil presence on the top of tip-up
mound. This tip-up mound is situated under
conditions of nearly closed canopy of matu-
re stand at lower elevations. The bare soil is
likely to remain because of lower precipitati-
on (consequent lack of moisture). In case of
better moisture supply, the unstable surface
of mineral soil may be stabilized by cover
of mosses.

Val odkryté minerdlni pudy vznikly po vy-
vratu; strom padl smérem po svahu. Seme-
nacky a narosty vzesly zejména ve spodni
casti valu, v soucasnosti pokryté opadem;
navrchu je dosud zretelnd pritomnost odkry-
té mineralni pudy. Val na obrazku se nachd-
zi v podminkdch témér neporuseného zapo-
je materského porostu v podhuri. Odkrytd
mineralni piida na vrchu valu ziistava prav-
dépodobné vzhledem k nizsim srazkam a se-
zonnimu nedostatku vihkosti. V pripade vys-
Si vihkosti je nestabilni povrch brzy stabili-
zovan napriklad porostem mechii.

such a disturbance typical ma-
inly of not-intensively mana-
ged forests. This phenomenon
appeared especially, when the
trees had fallen downwards the
slope. Whole formation is usu-
ally composed of soil mound
derived from a root-plate mate-
rial and an associated pit (Burs-
lem 2004, Schaetzl et al. 1989)
between the mound and slope
(fig. 1). If remaining wood is
thoroughly decayed, almost no
sign remembers what process
are the mounds derived from.
These disturbed soil patches
were found not only as isola-
ted windthrows within stands,
but in many cases an original
array of horizons was altered
due to catastrophic blowdown
within large areas (Reed, Mroz
1997). Thus the tip-up-mound
forest floor covered with ma-
ture stand is indicative of past
wind damages on shallow soil
profiles.

These tip-up mounds with ex-
posed subsoil diversify forest
floor conditions within the
stands. Consequently, the al-
tered soil patches may have
affected both species compo-
sition and density of naturally
regenerated seedlings and sa-
plings. The question is whether
these disturbed soil patches af-

fect regeneration adversely or not, and what is a principal factor in both success
and failure of naturally regenerated new generation. In fact the paper answers,
whether the tree species seedlings and saplings under particular site and stand
conditions may have emerged and survived.

METHODS

The objective of paper is investigation of natural regeneration within the three ne-
ar-natural forest stands related to naturally disturbed forest floor conditions. All
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localities are situated in the Orlické hory Mts., East Bohemia. including adjacent
foothills. All of these stands are typical of their more or less natural tree species
composition, but either space or age structure of forests could be changed by hu-
man activities during the past. Localities are situated within the Protected Land-
scape Area (CHKO Orlické hory), established in 1969 (tab. 1). A foothills locality
(No. 2) mature stand is composed mainly of broadleaves; especially beech (55%)
and sycamore maple (20%) mixed with spruce (12%) and other broadleaves (12%).
Another locality (No. 1) mature stand is composed mainly of spruce (32%) and
beech (52%) mixed with fir (12%). The last one (No. 3) mature stand is composed
mainly of spruce (64%) and beech (29%) mixed with sycamore maple (7%).

Tab. 1: Natural conditions of localities investigated.
Prirodni podminky sledovanych lokalit.

Locality » (rﬁlat:‘;l.ll(.i)ez) Aspect ¥ (Sol/?)p f: Asgtzr?gr(;i;g)re Bedrock ®  Soil type ”
No. 1 800 SE 20 180 gneiss podzol
No. 2 560 NwW 50 120 Permian breccia  cambisol
No. 3 930 NNW 35 180 mica schist  entic podzol

Vysvétlivky: ¥ lokalita; ¥ nadmorska vyska; ¥ expozice,; ¥ sklon svahu, ¥ vék materského porostu;,
9 materska hornina; 7 pudni typ

Localities were chosen to satisfy following conditions:
= potential ability of forest stand to regenerate naturally itself;

= tree species composition was representative of the near-natural mixed for-
ests in accordance with particular site conditions;

* no intensive management measures have been done in last decades;

= occurrence of relatively fresh tip-up mounds changing forest floor condi-
tions.

The investigation was focused on state of natural regeneration (especially sap-
lings) under different conditions of forest floor patches with exposed mineral soil.
Following site characteristics occurred were investigated: presence of forest-floor
humus, occurrence of exposed subsoil, abundance of vascular plants and mosses.
Numbers of both seedlings and saplings per square meter were recorded. Consid-
ering the site diversity onto disturbed surface and around tip-up mounds, the sam-
ple plots were divided into three groups in order to investigate the state of natural
regeneration there. Group A — base part of tip-up mound including pit and adja-
cent disturbed soil (up to 0.5m height from undisturbed ground); group B — top
part of tip-up mound including elevated sides; group C — undisturbed forest floor
surrounding tip up mound. From the data recorded were calculated: averages of
both percent coverage and number of individuals per square meter; standard de-
viations and confidence intervals to estimate statistically significant difference
among variants. This brief investigation has not been done in terms of number of
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tip-up mounds per hectare yet, since the relatively fresh, but regeneration-over-
grown mounds are quite rare in the localities where the investigation has been
conducted. Thus the article brings just “preliminary” results from the fieldwork
referred to publications related.

RESULTS AND DISCUSSION

Excellent review paper gathering information on tree uprooting was written by
Schaetzl et al. (1989). They mentioned an importance of tip-up mounds derived
from uprooting in terms of affecting soil morphology, surface characteristics, nu-
trient conditions, regeneration trends and forest age structure. The paper provides
a synthesis of knowledge related on the topics of treefall and uprooting from envi-
ronmental, economical and silvicultural points of view. The results of my investi-
gation confirms the importance of uprooting from aspects affecting soil morphol-
ogy, surface characteristics, and regeneration conditions, even though uprooting
may be of lesser importance from regeneration point of view under conditions of
nearly closed canopy of mature stand. If gaps created by windthrows are not large
enough, the light conditions do not allow regeneration to escape a ground vegeta-
tion layer or no woody regeneration appears onto and around tip-up mounds.

The mounds of exposed mineral soil are shaped not only as derived from indi-
vidual treefalls within stands; also catastrophic blowdown can cause such a soil
disturbance on much more extended areas (Kulakowski, Veblen 2003). The au-
thors found that such disturbances may serve as soil preparation especially under
conditions of poorly drained soils, because seedlings of both Picea engelmanii
and Abies lasiocarpa were established preferentially on old fallen logs and tip-up
mounds. The tip-up mounds are of great importance in such severe habitats like
swamps (Titus 1990), because elevated soil provides both germination and growth
substrate for most woody species avoiding temporarily flooded sites there. But
there were found only few mounds to support establishment of woody species at
least sufficiently.

Quite special role which the tip-up mounds play in relation to growth of hemlock
natural regeneration after catastrophic blowdown was found by Long et al. (1998).
Despite the xeric and unstable conditions of steep walls of mounds the hemlock
seedlings and saplings escaped browsing of deer. Thus the soil disturbance pro-
vided better conditions for regeneration, because the individuals of hemlock were
found in significantly greater density, were taller and had larger basal diameters
on the tip-up mounds than in surrounding areas. On the other hand, if the mounds
were not derived from massive treefalls after severe blowdowns, they would not
be of such an obvious importance for regeneration and diversification of forest
floor conditions. When correlating mound density or percentage of stand area oc-
cupied by mounds, Tyrrell and Crow (1994) found no relationship between these
characteristics and stand age. They confirmed the main mound-promoting influ-
ential factors (e. g. topography, slope, water table, soil type and subsurface pans)
summarized by Schaetzl et al. (1989). They also assessed lack of correlation be-
tween mound percentage and stand age as attributable to long mound persistence
(roughly centuries) in the stands.
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The tip-up mounds in old-growth forest in Japan were overgrown with rich com-
munities of pioneer species (Nakashizuka 1989). It seems that uprooting plays
an important role in maintaining species diversity in these forests, because soil
disturbance promotes germination of species with small, wind-dispersed seeds,
while large-seeded, animal-dispersed species were present at sites without soil
disturbance. He found neither relation to species composition, nor species diversi-
ty between sites under closed canopy and gaps without soil disturbance. Thus, the
gap formation without creating tip-up mounds does not contribute substantially to
the maintenance of pioneer species population there. Peters et al. (1992) confirmed
the importance of creating mounds for successful natural regeneration of these
forests composed mainly of Fagus crenata. The reason is that regeneration of the
beech is strongly prevented by infestation of dwarf bamboo (e. g. Sasa senanen-
sis) creating ground floor understorey (height up to 2 m). They found a restriction
of sparse beech regeneration to mounds in case of recovered dominance of dwarf
bamboo understorey. On the other hand, there were found no vascular plants pre-
venting the regeneration emergence recently in forest stands in the Orlické hory
Mts. Seedlings and saplings emerged especially on the lower parts of the mound
covered with litter recently; there is still obvious bare mineral soil presence on the
top of tip-up mound (locality No. 2). The bare soil is likely to remain there be-
cause of lower precipitation (consequent lack of moisture). In case of better mois-
ture supply, the unstable surface of mineral soil is stabilized by cover of mosses
(locality No. 3). An emergence and performance of the small-seeded species were
examined by Kobayashi and Kamitani (2000) under conditions of different light
levels and soil disturbance. They found a greater effect of soil disturbance upon a
density and number of species than the effect of high light level.

The tip-up mounds within the locality No. 2 (fig. 2) are the only ones, where the
top surface of mound (group of releves situated over 0.5 m above ground) is not
covered with nearly any saplings yet, excepting sparse presence of mosses. Thus
the locality is the only one, where the elevated mineral soil affects regeneration
adversely. The saplings are composed mainly of beech and sycamore maple; a
sparse presence of Norway maple (roughly one individual per square meter) was
recorded only in undisturbed soil releves. The saplings of both the other localities
are composed of beech and Norway spruce. The numbers of saplings on the top
surface of mound were lower than numbers on both the base of mound and sur-
rounding undisturbed ground. Norway spruce number exceeded the number of
beech in the top-surface releves from both localities. The number of spruce indi-
viduals was highest in locality No. 3 at all. Considering the relatively low number
of tip-up mounds within the entire forest stand, there is no doubt that mounding
plays a minor role in changes of regeneration conditions.

CONCLUSION

The investigation of tip-up mounds created by treefals within the mixed stands of
the Orlické hory Mts. suggested that this process does not influence the regenera-
tion conditions significantly there. Even though the mounds are quite well-visible
within the mixed stands, in accordance with literature sources, their formation un-
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Fig. 2: Percent cover of litter related to mean number of woody seedlings per square me-

ter. Columns represent cover of litter per Im? (Y axis), while points represent mean
number of seedlings per 1m? (secondary Y axis). Error bars indicate confidence
intervals at significance level 0.05. X axis symbols: 1, 2, 3 — three localities inves-
tigated; A — base part of tip-up mound including pit and adjacent disturbed soil (up
to 0.5 m height); B — top part of tip-up mound including elevated sides; C — undis-
turbed forest floor surrounding tip-up mound.
Procenticky pokryv opadu ve vztahu k primérnému poctu semendckii na plose
Ctverecniho metru. Sloupce predstavuji pokryv opadu (osa Y), zatimco body jsou
pocty jedincii (sekundarni osa Y). Chybové usecky zobrazuji hodnoty konfidencni-
ho intervalu analyzovanych soubori (hladina vyznamnosti 0,05). Symboly na ose
X: 1, 2, 3 —tri sledované lokality; A — bazalni cast vyvratisté s naruSenou piidou;
B — svrchni cast valu véetné vyzdvizenych stran; C — neporuSeny pudni povrch
v okoli vyvratist.

der conditions of nearly closed mature stand canopy leads to creation of sparsely
disturbed patches. On the other hand a catastrophic blowdowns can disturb soil in
much greater extent of damage. After that blowdown can such disturbances serve
as a “site preparation” to promote emergence of mainly small-seeded (especially
pioneer) tree species. But the uprooting can also play more important role under
conditions of temporarily flooded sites to promote both emergence and growth of
woody species tolerating or nearly avoiding water-logged soils. There was the only
locality (2 — situated in foothills; fig. 2) within the stands of interest, where the sig-
nificant difference among three groups of conditions was proved. There were not
nearly any saplings recorded in releves situated on both the top and sides of eleva-
ted soil compared to base of mound including pit and undisturbed ground. On the
mounds of the other localities was density of saplings in the top-of-mound releves
lower than both on the base and surrounding undisturbed soil, but comparison was
insignificant. The article brings first insight into the topic of interest under conditi-
ons of mixed near-natural forests in the Orlické hory Mts. Hence next investigati-
ons, for instance estimating number of tip-up mounds, their age and stage of wood
decomposition are needed.
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SOUHRN

Jednim z nevyraznéjsich procesti narusujicich sled genetickych horizontt v les-
ni pade¢ je preformovani pidnich vrstev v disledku vzniku stromovych vyvrati.
Vyvraty obecné nejsou nijak vzacnym jevem; objevuji se zejména ve stejnorodych
smrkovych monokulturach, kde ¢asto padaji celé porosty najednou. OvSem situ-
ace ve smiSenych porostech, kde neni po dlouhou dobu uplatiiovano intenzivni
hospodateni, se vyviji ponékud jinak. V ramci rozpadu matefského porostu vypa-
davaji postupné jednotlivé stromy. Mnohé¢ z nich, at’ uz jehlicnany nebo listnace,
jsou vyvraceny, a s ¢asti kofend se preklopenim dostava na povrch cast mineralni
pudy. Pozd¢ji dochazi k zetleni leziciho dieva a jiz téméf nic neukazuje pfimo na
puvod vzniku vyraznych terénnich depresi a valti formujicich ¢ast ptidniho po-
vrchu jednotlivych lokalit (obr. 1). Mizeme si pfedstavit, Ze v lesich lidskou €in-
nosti nedotéenych tento faktor mechanického pievrstvovani pidnich horizonti
mohl byt také vyznamnym cinitelem geneze jednotlivych typt lesnich pid. Na
pudach s vyznamnym podilem skeletu je pfevrstveni obzvlast dobte identifikova-
telné. Tyto utvary maji strmé ¢elo smérem po svahu, pomérné uzky hibet a zadni,
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¢asto znacné skeletnatou cast proti svahu. Na dné deprese dochazi k hromadéni
povrchového humusu. Na jednotlivych zkusnych plochach (1 m?) byly hodnoceny
tyto charakteristiky: vyskyt mineralni pudy, procenticky kryt opadu a pocty je-
dinct dfevin z pfirozené obnovy. Plosky byly za u¢elem vyhodnoceni rozdéleny
do tii skupin (obr. 2): A — bazalni ¢ast vyvratu zahrnujici poruseny ptadni profil
do vysky 0,5 m nad neporusenym povrchem; B — vrcholova ¢ast pidniho valu (tip-
-up mound) véetné vyzdvizenych stran; C — neporusend puida v okoli valu. V po-
rostech vyssich poloh (€. 1 — 800m n. m.; ¢. 3 — 930m n. m.) dochazi jiz brzy po
vytvofeni vyvratu k hojnému nastupu ptirozené obnovy smrku a buku (varianty
1A, 1B, 3A, 3B), pticemz smrk osidluje Casto i jejich vrcholové partie. V ptipa-
dé podhorské lokality (€. 2 — 560m n. m.) byly konstatovany signifikantni rozdi-
ly v denzité jedincti z pfirozené obnovy mezi v§emi tfemi variantami. Navic zde
vubec nedochazi k obnové smrku (dominuji buk a klen), ackoli je tato dievina
v matefském porostu také zastoupena. Co se tyka vlivu téchto utvard na ptiroze-
nou obnovu, jejich role by neméla byt pfeceiiovana v ptipadé vyskytu pod slabé
porusenym zapojem matetského porostu. Jina je situace v pripadé katastrofickych
rozvratli porosti vétrnymi polomy, kdy se rozsahla pole vyvratist’ stavaji vhod-
nou pidou k néstupu pionyrskych druhi dfevin s lehkymi semeny. Ovsem vzdy
se nemusi jednat o vyslovené pionyrské druhy, jelikoz napfiklad smrk ma také do-
statecné lehka semena a Casté semenné roky, aby mohl osidlovat nejen mineralni
pudy pfti bazi valu, ale také i vrcholové ¢asti vyvratiste. Jako dulezity predpoklad
vsak zde pro tento pfipad uvadim dostatek srazek. Vznik popisovanych ttvara
neni sice prili§ Casty (Schaetzl et al. 1989), ovsem z dlouhodobého hlediska v ta-
du stovek let miize vyznam prevrstveni ptdnich horizontd pod kontinualnim kry-
tem porostu narustat. Jak vyplyva z jiz publikovanych studii, vyznam pidnich
vald pro nastup a odristani pfirozené obnovy stoupa také v pfipad¢ vyskytu na
podmacenych nebo docasné zaplavovanych stanovistich nebo na lokalitach se sil-
nym zabufenénim. Troufam si zde odhadnout, Ze z hlediska nastupu a odristani
pfirozené obnovy jsou nejméné ptizniva zejména rana stadia t€sné po zformova-
ni vyvrati. Pozdéji, jak postupné dochazi k tleni dfeva, sesedani valu a pokryvu
mineralni pidy opadem, se mohou rozdily téchto mikrostanovistnich naruseni
a okolni nenarusené pudy stirat. Tento pfispévek piinasi prvni informace tykajici
se tématu vyvratl ve smiSenych prirodé blizkych porostech Orlickych hor, tudiz
k detailnéjsimu poznani vlivu zminénych procest na pfirozenou obnovu jsou nut-
na pokracujici Setfeni.
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