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to demonstrate the spontaneous succession as a suitable and effective tool for

restoration of quarries.

Structure of the thesis

The thesis is divided into five papers which were either published or submitted. Their

citations and abstracts are presented here.

(1) Novidk J. & Prach K. (2003): Vegetation succession in basalt guarries:
pattern over a landscapeseale. - Applied Vegetation Science, 6: 111-116.

A spatio-temporal variation of vegetation during spontaneous succession was studied
in 56 basalt quarries spread over 1800 km® in the Ceské stfedohoti Hills (NW Czech
Republic, Central Europe). Differences in the particular habitats inside a quarry, i.e.
steep rocky slopes, bottoms and levels, dumps, and screes were considered. The
habitats ranged in age from 1 to 78 yr since abandonment. Macroclimate (mean
annual temperature and precipitation) significantly influenced the course of
succession, which led to a formation of shrubby grassland, shrubby woodland or tall
woodland. Participation of target species typical of steppe-like communities
significantly depended on the occurrence of the communities in the vicinity, up to a
distance of 30 m from a quarry. Disused quarries may become refugia for rare plant
species. Spontaneous successional processes led in the reasonable time of ca. 20 yr to
semi-natural vegetation. Thus, they can be successfully exploited in restoration
programs scheduled for the disused quarries.

(2) Novik J., Konvicka M. (2006): Proximity of valuable habitats affects
succession patterns in abandoned quarries.- Ecological Engineering, 26: 113-122.

Abstract. The study tested the hypothesis that the composition of vegetation formed
during primary succession in basalt quarries is affected by the distance to, and area of,
conservation-valuable biotopes of surrounding xerophilous grasslands. The
successional vegetation was recorded in 270 reléves collected in 34 quarries in the
area of Ceske Stredohori Hills, Czech Republic. We used detrended correspondence
analysis to visualise the relationship between successional vegetation, ages of
individual sites, and distances to the closest xerophilous grasslands. Subsequent

regression analyses of fidelities of individual reléves to the grassland alliances
Festucion valesiacae and Allyso-Festucion pallentis corroborated the view that the
probability of development of valuable habitats within the quarries decreased with
distance to the closest grassland sites, and increased with their area. It also increased
with successional age, but this effect was suppressed if quarry identity was considered
as covariable in the regressions. Our results show that the valuable biotopes would
eventually develop in quarries situated less than a hundred metres from adjoining
xerophilous grasslands. We advocate that quarry operators pay attention to
conservation management of biotopes that surround excavation sites, because
maintaining valuable vegetation in the vicinity will eventually reduce costs of post-
excavation restoration.

(3) Novik J. and Prach K. (submitted): Can artificial sowing of target species
promote restoration in disused basalt quarries?

Abstract. Steppe-like dry (semi)natural grasslands are valuable and rare habitats in
central Europe. In the study area (the Ceske Stredohori Hills, western part of the
Czech Republic) they occur in fragments on southern slopes of volcanic hills, often in
a vicinity of the quarries, which are numerous there. We performed sowing
experiments and observed seedlings recruitment of six species, typical for the dry
grasslands, in 9 basalt quarries located in 3 different climatic regions during 3 years.
The sowing experiments were established in the young successional stages, 5-12 yr
after quarrying was stopped. The objectives of the experiments were to evaluate (i) if
seedlings recruitment and survival of the target species are possible, regarding the
different climatic regions; and (ii) what is the influence of weather fluctuations among
years on the seedlings survival.

Seedlings of all study species were able to recruit and survive in the early
successional stages at least in some quarries. The species, except one, showed
significant differences in recruitment among the climatic regions, with the best
recruitment and survival in the driest and warmest region. Seedlings of two species
did not recruit in the wettest and coldest region. All species survived in the driest and
warmest region, while only one in the coldest and wettest region. The number of
localities (floristic records) of particular species in the regions was the best predictor
of the species germination and survival. Different weather conditions in the studied
years significantly influenced recruitment of two species. It emerged, that the artificial
sowing can be considered in restoration programs as a way how to restore dry
grasslands in the disused quarries.



(4) Novik J. (2006): Variabilita sukeesnich zmén vegetace v Cediovych lomech
Ceského stfedohofi [Variability of vegetation succession in basalt quarries in the
Ceské stiedohoti Hills]. -Zpravy Ceské Botanické Spole¢nosti 2006, 21: 107-112.

Abstract. The succession of vegetation was studied in 56 basalt quarries in the area of
Ceské Stfedohofi Hills. The habitats ranged in age from 1 to 78 years since
abandonment. The succession is rapid in all habitats but extreme ones, such as stone
walls. In central Europe the spontaneous succession in basalt quarries often result to
forest. Patches of treeless vegetation in quarries can be classified as Festucion
valesiacae and Allyso-Festucion pallentis, which represent the most terget vegetation.
Valuable biotopes can be predicted to develop in quarries situated less than 100 m
from adjacent xerophilous grass lands. Quarry operators should pay attention to
conservation management of surrounding biotopes, because maintaining valuable
vegetation in the vicinity will eventually reduce costs of post-excavation restoration.

(5) Novak J. (2002): Vyskyt nékterych druhé rostlin v lomech Ceského
svti‘edohoi"i a dolniho Poohfi [Occurence of some plant species in quarries in the
Ceské stiedohofi Hills and in the lower Poohf#i]. - Severogeskou Pfirodou 2002, 33-
34: 107-110.

Abstract. The Ceské stfedohoti Hills and lower Poohti are traditional regions of
exploitation of building stone - basalt, trachyt and some chalk sediments. Spontaneous
succession is very acceptable for development of vegetation. The quarries are
important refuge for many plants and animals. In the paper I am interested in spread
of 57 phytogeographically important or rare plants in quarries in the study area.

Summary

Investigations of spontaneous succession in basalt quarries in the Ceské stfedohoti
Hills are presented in this thesis. In the first part it is showed a spatio-temporal
variation of vegetation during spontaneous succession in 56 basalt quarries. The
succession of vascular plants starts in the quarries immediately after habitat creation.
There are annual species which usually occur in the initial stages as dominants. The
initial stages are followed after 4 years by annual and biennial species. Gradually,
after 10 years perennial grasses and hemicryptophytes expand. Trees, shrubs,

sciophytes and nitrophytes expand after 25 years, while heliophilous species decrease.

The oldest successional stages are characterized by the gradual formation of a tree
layer. The oldest successional stages seem to be rather stabilized, so I expect further
successional changes to be slow and mostly of a quantitative character. The
establishment of woody species tends to be easier under moderate environmental
conditions and is retarded in extreme habitats.

In the second study I tested the hypothesis that the composition of vegetation formed
during succession in basalt quarries is affected by the distance of adjoining
xerophilous grasslands and the proportion of the grasslands in quarry surroundings.
Subsequent regression analysis of fidelities of individual reléves to the grassland
alliances Festucion valesiacae and Allyso-Festucion pallentis corroborated the view
that the probability of development of valuable habitats within the quarries decreased
with distance of the closest grassland sites, and increased with their area. The study
results show that the valuable biotopes would eventually develop in quarries situated
less than 100 m from adjoining xerophilous grasslands. The course of succession in
basalt quarries towards conservation-desirable xerophilous grasslands is strongly
affected by the distance of the nearest grassland and the proportional share of the
grasslands in quarry environs. In the study area, the time of arrival and rate of
establishment of plants characteristics for xerophilous grasslands determine whether a
site will develop towards a biotope of high conservation value, or towards a compact
mesophilous scrub.

The landscape, surrounding the quarries, has passed a substantial transformation
during the last half-century due to decline of pasture land and the increase of forests..
The average quarry abandoned some fifty years ago was surrounded by more xeric
grasslands than an average quarry abandoned in the present. It can be expected that in
recently closed quarries, spontaneous development of “mature” xerophilous
grasslands will become increasingly rarer, unless a purposeful management changes
the course. Instead, a majority of recent quarries may spontancously develop more

mesophilous vegetation.



In the third section the sowing experiments and seedlings recruitment of six
species (Atragalus excapus, Festuca valesiaca, Oxytropis pilosa, Silene otites, Stipa
pennata and Stipa pulcherrima) typical for the dry grasslands have been described.
Seedlings of all study species were able to recruit and survive in the early
successional stages at least in some quarries. The species, except one, showed
significant differences in recruitment among the climatic regions, with best
recruitment in the driest and warmest region. All species survived in the driest and
warmest region, while only one in the coldest and wettest region. The number of
localities (floristic records) of particular species in the regions was the best predictor
of the species germination and survival. It appeared that the artificial sowing can be
considered in restoration programs as a way how to restore dry grasslands in disused
quarries.

Disused quarries may become important refuge for many rare plants. Above all
species appeared in younger stages (e.g., Oxyfropis pillosa and Erysimum
crepidifolium) can find refugia there. Surface area of quarries is a significant part of a
landscape. There is a possibility of using the spontancous or direct succession in
quarries to create new alternative site for the species which are rare and endangered
nowadays.

At present the technical measures of restoration of quarries prevail in the Czech
Republic. The results of this thesis suggest that restoration of abandoned quarries via
spontaneous succession has been proposed as a cheap alternative to expensive
technical reclamation. It is equally important that high quality biotopes should persist
in quarry vicinity in order to provide colonising propagules for eventual succession
after cessation of quarrying. This highlights the importance of managing the areas
surrounding active quarries. It is in the best interest of quarry operators to support
such activities as non-intensive grazing or eradication of aggressive alien species at

habitats adjoining excavated sites.

Souhrn

PredloZena prace se zabyva spontanni sukcesi ¢ediSovych lomi v Ceském
sttedohoti. V prvni ¢asti je prezentovana ¢asoprostorova variabilita spontanni sukcese
vegetace v 56 cedicovych lomech. Sukcese vegetace zagind zdhy po ukonceni tézby.
Inicidlni stadia jsou charakteristickd fidkou vegetaci jednoletych druht.
V nésledujicim sukcesnim stadiu (4-10 let) se vedle jednoletych a dvouletych druhi
zacinaji objevovat i vytrvalé byliny a travy. Nasledujici obdobi (11-25 let) je
charakteristické pfitomnosti zapojené vegetace s dominanci vytrvalych trav a bylin.
Vyrazny nastup dievin, sciofytl, nitrofyth a ustup heliofilnich druhti je typicky znak
pro nasledujici sukcesni stadium (26-40 let) pfedeviim v regionu Vernefického a
Labského stfedohofi. Nejstari existujici sukcesni stadia (40 let a vice) jsou
v Labském a Vernefickém stfedohofi charakterickd vyvinutym stromovym patrem.
V Lounském stfedohofi maji nejstarii zjisténd sukcesni stadia charakter , kfovinaté
stepi®. Je velmi pravdépodobné, Ze mimo extrémni stanovists (jako jsou napf. stény
lomii &i prudkeé jiZni svahy), bude sukcese bez dalich zasahii i v Lounském stfedohofi
pozvolna sméfovat klesni vegetaci. Nejstar$i zaznamenana sukcesni stadia se
zapojenym stromovym patrem se zdaji byt pomérné stabilizovana a dal§i sukcesni
zmény budou zfejmé& probihat pomaleji a budou mit pfedeviim kvantitativni

charakter.

V druhé &asti price se zabyvam vlivem vzdélenosti a rozlohy okolnich
xerotermnich trdvnikti na druhovou skladbu vegetace v prib&hu sukcese opuiténych
lomii. Fidelita (v&rnost) vegetace v lomu k vegetaci sv. Festucion valesiacae a Allyso-
Festucion pallentis vzriista s rozlohou xerotermniho travniku a naopak klesa s jeho
vzdalenosti. U mladSich sukcesnich stadii fidelita vegetace v lomu roste s velikosti
okolniho xerotermniho travniku monotdonné. Oviem u starych sukcesni stadii je

fidelita téme&F nulova aZ do 40% zastoupeni xerotermnich travnikil v okoli, pak ale jeji



hodnoty strmé stoupaji. Brzky pfichod relativné kompetitivnich xerotermnich trav
rozhoduje, zdali bude priib&h sukcese sméfovat k tvorbé& xerotermniho travniku &i
nikoliv. Jestlize v rané sukcesnim stddium nebudou travy xerotermnich biotopti hojné
zastoupeny, bude sukcese pomé&rné rychle sméfovat k mezofilnim kfovindm. Diaspory
trav se budou na lokalit® vyskytovat dfive a ve v&§im mnoZstvi, jestlize se travniky
budou vyskytovat v blizkém okoli. Sukcese na stanovisti vzdaleném vice jak 100 m
od xerotermni vegetace ma obvykle viceméng mezofilni priib&h.

Béhem poslednich padeséti let dochdzi k vyraznym zménam krajinného razu.
Vedle intenzivniho zemé&dg&lského hospodafeni je napadné postupné sniZovani pastvy
a zaroveii zvy§ovani zastoupeni dfevin. Lomy, kde téZba byla ukon&ena pied 50 lety,
mély vlivern pastvy a hospodafeni vice xerotermni okolf, neZ jaké je maji lomy dnes.
Nedojde-li k zdsadni zmé&n& zplisobu soutasného hospodafeni, Ize oéekavat, Ze lomy
budou fungovat pfedevs§im jako refugia rané sukcesnich druhit a stepni druhy
pozdgjsich sukcesnich stadii se uplatni omezenéji, nez tomu bylo dosud.

Tieti ¢ast prace pribliZuje vysevové experimenty Sesti druhil charakteristickych
pro suché travaiky (Atragalus excapus, Festuca valesiaca, Oxytropis pilosa, Silene
otites, Stipa pennata and Stipa pulcherrima) v Cediovych lomech. Vysevy byly
provadény v ranych sukcesnich stadiich vybranych lomil a viechny sledované druhy
zde kligily a pieZivaly po dobu sledovani. V rameci tfech klimaticky odli§nych oblasti
Ceského stfedohofi byl krom& jednoho druhu patrny znaény rozdil v kliceni.
Semenacky sledovanych druhii nejlépe pieZivaly v suchém a teplém Lounském
sttedohofi. V lomech Vernetického stfedohotfi byl schopen pfeZivat pouze jeden
druh.

Pocet lokalit (floristickych zépistl) sledovanych druhil v jednotlivych regionech
se ukdzal jako nejlepi prediktor kli¢eni a pfezivdni druhii. Vysevy vybranych druhti

mohou vyrazné napomoci obnoveé vegetace suchych travnikil v opu§ténych lomech.

Opusténé lomy se mohou stdt vyznamnymi refugii fady vzacnych druhi rostlin i
Zivocichll. Pfedeviim pro druhy ran& sukcesnich stadii (napt. Oxytropis pillosa,
Erysimum crepidifolium) jsou v dneini kulturni krajiné lomy vyznamna stanoviitg.
Vzhiedem k tomu, Ze lomy zaujimaji vyznamnou st krajiny, nabizi se zde moZnost
vyuZit spontdnni ¢i fizené sukcese pro tvorbu novych lokalit t&chto dnes jiZ vzacnych
druhli.V soudasnosti viak stdle ptevaZuji technické rekultivace lomil. Spontanni
sukcese je finandn& vyrazng méné ndrofnou alternativou. Vzhledem k tomu, Ze
druhovad skladba vegetace je v prib&hu sukcese znaéné ovlivnéna piisunem diaspor, je
dileZité aby v blizkém okoli lomu byly zachovéany ptirodé blizké biotopy. Prostfedky
uréené na rekultivace lomu by bylo vhodné vyuzit na udrzbu kvality stdvajicich
biotoplt v blizkém okoli, jako napf. na extenzivni pastvu, odstrafiovani dfevinného

naletu a invaznich druhti (napt. akatu) ze stepnich travnikil.
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