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Abstract 

Changc in dominant spccics on sites reclaimed after the forest dccline in the KruSnd 
hory Mountains, Czech Rcpublic, is explained by changcs in soil charactcristics. A 15-year 
coursc of succession was infcrrcd from comparing sitcs of dilferent ages. Succession ivas 
studicd in two contrasting habitat types: (1) plots from which thc vcgctation cover with top 
soil and diasporcs was completely rernovcd in ordcr to make replanting of spruce (Picea 
abies) saplings possible, and (7) mounds orizinating from accuinulating the removed matc- 
rial. At  the beginning of succcssion in thc plots, Calarr~agrostis c i l los~~ was tlle main 
colonizcr ancl rctaincd its dominance up to 5 years, after which i t  was gradr~ally replaccd by 
Desclcan7psirz flrxilosa. In contrast, rcvegctation from C. cillosn rllizon~es occurrcd in 
nlor~nds and no doininant spccies eschange was obsc~ved during thc first 15 years of 
succcssion. Diffcrcnce5 in contents of soil chemicals and in their trcnds ovcr timc werc 
found bctwecn habitat typcs. Organic niattcr and nitrogen lcvcls were higher in mounds 
than in plots during the whole pcriod of succession studicd. Soil acidity decreased in plots 
but incrcascd in mounds. It appcars that C. ~,iliosa is outcompetcd from plots bccausc of its 
high requirements for the organic matter content, a Eactor that was found to bc the best 
prcdictor of trcnds in the specics' successional bchaviorir. Occurrence of D. fle.rtrosa was 
corrclatcd with soil acidity and calcium and potassium contents. 

Key n1or.d~: Czech Rcpublic; Forcst declinc; Rcclai~ncd sitcs; Soil conditions: Succession 

1. Int roduct ion 

In Europe ,  recent  forest  decline was s tudied intensively in t h e  last  few decades  
(Nilsson a n d  Duinker ,  1987; Krause ,  1989; Fuhrcr .  1990). Th i s  decl lne  has  been  
a t t r ibuted t o  high SO, concentra t ions  a n d  poor  forcst managemen t ,  namely 
extraction of t imber  \\itliout replenishmcnt  of nutrients,  in particular Mg (Ulrich e t  
al., 1980; Bosch c t  al., 1986). In t h e  Czech Republic,  extensive a reas  of Nonvay 
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spruce (Picen nbies) forests were damaged! In the mountain ranges in the north- 
western part of the country. Deforested -areas are rapidly being colonized by 
grasses (PySek, 1990, 1991) whose cover ;makes the replanting of forest trees 
extremely difficult. Complete removal of t h e  vegetation cover and of the upper soil 
layer has been carried out to cope with this :problem. The  subsequent replanting of 
trecs, llowever, has often not been succesrfc~l and the reclaimed sites have become 
exposed to the spontaneous colonization ant.d revegetation. 

A previous paper (PySek, 1992) described the course of succession in such 
reclaimed sites in the KruSnt hory Mountairns. It has been shown that succession in 
bulldozed plots started with certain perennials spreading by seed from the outside. 
Grasses contributed most to the total commiunity biomass during the first 15 years 
of succession. Anlong thcse, Calnr~zngrostis cillosn (Chaix) J.F. Gnlel. and De- 
schnr?lpsin fles~losn (L.) Trin. played the mos$ important rok .  Both are  rhizomatous 
polycarpic perennials forming extensive clones of shoots and tolerating nutrient- 
and  base-poor, acidic habitats (Scurtfield, 1954; Conert, 1989; Foggo and Warring- 
ton, 1989). Litter produced by both species is persistent and inhibitory to plant 
establishment and growth (Grime et  al., 1988; PySek, 1990). A unidirectional shift 
behveen these dominants was observed with time: the most successful colonizer of 
newly created habitats, C. cillosa, was gradually replaced in the course of approxi- 
mately 5 years by D. flexuosn (Fig. 1). In  comtrast, no species change occurred in 
mounds established from the material being removed from plots. In this habitat 
type, C. cillosa regenerated from rhizomes a n d  retained its dominance. 

T h e  present paper focuses upon the mechanisms behind the change in domi- 
nant species and addresses thc following questions: (1) What are  thc changes of 
soil characteristics during succession'? (2) How do these characteristics affect the 
shift in dominant species? 

" PLOTS MOUNDS 

TIME (y rs )  

Fig. 1. Cliangcs in performances of Cn1(11,1ngrostis cillosn arid Desclln~~lpsin fle.x!l-lro.~c.n in both 1iabit;tt 
lypes (plols vs. rnountls) during l5 years of succession: C. rillosn was the prevailing species from the 
very start: but was gradually replaced by D. fle.cliosa. Percentage contribution of each species to the 
total conlrnunity biornass \\,as used us a measure. Note that the data for both species a r e  accumulated. 



2. Material and methods 

Stlrcly site 
The research was carried out in the KruSnt 11ory Mountains (in Gcrman: 

~ r z ~ e b i r g e ) ,  Northern Bohemia, Czech Republic, a part of the crystalline complex 
formed by nieta-igneous and sedimentary rocks. The area has a moderately cold 
clinlate with a mean annual temperature of S.O"C and annual precipitation of 984 

(Flije meteorological station, 50-year average 1901-50). Study sites were 
located in the vicinity of the Flrije reservoir, district of Litvinov (50.36"N. 13.37"E), 
at the altitude of 800-900 m. 

Succession was studied in two different habitats: (a) Plots created by bulldozing 
away the upper soil layer (20-30 cm). These were mostly oblong in form and 
20-30 X 50-70 m in size (with the exception of the oldest site which was formed by 
20-m-wide stripes several hundreds of meters long). This habitat type is subse- 
quently referred to as "plots". As the subsoil had previously been little affected by 
weathering and plant growth, some features of prinlaly s~~ccession (Odum, 1971; 
Begon et al., 1986; Miles, 1987) were observed (PySek, '1992). (b) Mounds built by 
material removed from plots SO that tllc ~nouiids were bordering the plots. The 
mounds were 3-5 ni in width, 1-2 n1 in height and 50-70 111 in length. A course of 
succcssion different from that in plots was found in these sites: vegetation cover 
had been destroyed but hunlus-rich top soil with dinspores was present and 
secondary succession (Begon et al., 1986; Vitousek and Walker, 1987) \yas thus the 
case here (PySek, 1992). This habitat type is termed "mounds". 

Sat?lpli~lg 
The methodical approach used in this study is based on the assumption that a 

series of communities which currently exist in a given habitat but have bcen 
developing for a different time can be inferred to reflect succcssion (Begon et al., 
1986). Three sites of different successio~lal age, disturbed in 1975 (subsequently 
indicated as SlS), 1986 6 4 )  and 1989 (Sl), were compared in 1990 in order to 
reconstruct the first 15 years of succession. 

Changes of population characteristics of donlinant species during succession 
were described in detail in the previous paper (PySek, 1992). For the purpose of 
the present study, data on biomass of both dominants sampled from 0.5-nl 
quadrats were used (see PySek, 1992, table 2 for values). Five quadrats were 
sampled in each successional stage and habitat type wit11 the exception of plots in 
the S1 site where ten samples werc taken because of higher vegetation het~rogene- 
ity. The quadrats sampled thus do not represent true replications but rather 
pseudoreplications sensu Hurlbert (1984). In the sanie quadrats soil samples were 
taken from the upper 30 cm. Atomic absorption (Ca, K), UV-VIS spectropl~oton~e- 
try (P), titration with KMnO, (organic C), Kjeldahlization (nitrogen) and potcn- 
tiometry (pH) were used to analyse the samples. 

Data ar~alysis 
The data were analysed by standard statistical methods (Sokal and Rohlf, 1981). 

A stepwise multiple regression was used to explain the changes in dominant 



Table 1 
I'artial corlelation coefficients between soil cl~aracteristics (sce Table 2 for values). Pooled data from all 
1h:lbilat t y ~ e s  and successional agcs were used ( 1 1  = -15) 

Organic Nitrogen Phosphorus Potassium C a l c i ~ ~ m  pI-I 
carbon 

Organic carbon - 

Nitrogen 0,40 :';* - 

Phosphorus 0.20 - 0.05 - 

Pot;~ssiuni -",S, L 0.26 :S:< - 0.30 :" 

C:~lcium 0.38 :* * -0.16 -0.1 1 0.03 - 

PI{ - 0.26 0.13 0.13 -0.10 
o.71 i::j": 

Significance level of the corrcl;~tion coefficient: " P < 0.005, "" P < 0.01, *" '" P < 0.001. 

species pcrforrnances during succession on the basis of soil characteristics to 
overcome the fact that some of the soil variables were rnutually correlated (Table 
1). Performance of each species considered was expressed as its contribution to the 
total cornm~~nity biomass. 

3. Results 

Efiect of site a11d .successional age on soil chrrrocteristic.~ 
Results of soil analyses al-e summarized in Table 2. Two-way ANOVA, analysing 

the effect of site (i.e., plots vs. mounds) and successional age on soil characteristics 
(Table 3) revealed that there was a highly significant effect of both on organic 
carbon content. \vhich was higher in n~ouilds than in plots and increased between 
years 1 and I of succession in plots (Table 2). Furthermore, significant effects of 
interaction between the site and age were found in Ca content and soil acidity. In  
both cl~aracleristics~ there were opposite trends in time between plots and mounds. 
At the beginning, plots were more acid than mounds; in the course of succession, 
however, the soil acidity decreased in plots and increased in mounds (Table 2) so 
that the p H  value was higher in plots than in mounds after 15 years of succession. 
Correspondingly, the trend in calcium content was opposite, starting with a higher 
value in mounds than in plots; after 15 years it reached a higher value in plots 
(Table 2), but this difference was at the border of significance ( t  = 2.09, P = 0.056). 
Moreover, there was also a significant effect of site on Ca-content and of site/age 
interaction on P-content (Table 3). Nitrogcn levels were significantly affected by 
site; remaining higher in mounds from the very start till 15 years of succession, and 
also by age (Table 3): in borh habitat types the nitrogen content increased between 
ycars 1 and 4 of succession and then decreased again (Table 2). 

Relotiot~ Deriveetr tlre (lot71it1~1it species e.~cI-chat~g atrcl soil clraracreristics 
To investigate the effect of soil chcmical characteristics on the performance of 

dominant grasses, stepwise multiple regression relating their contribution to the 



Table 2 
Soil characleristics in plots ancl mounds a11d their changes during success~on. Means S e.  ;Ire givcrl 
(\vrigllt percent). Number of samples 1 1  - 5, except of I-ye:~r-old plots 11 = 10 

Years of succession I 1 15 

Phospllorus: 
plots 
rllounds 

Organic carboll: 
plots 
nlounds 

Calciunl: 
plots 
nlourlds 

Potassium: 
plots 
niounds 

pH: 
plots 
mounds 

Nitroger~ ( X  IO-') 
plots 
~nounds 

Table 3 
Surnn1;iry of ta*o-\\,ay ANOVA sl~oiving the effect of successio~~al :!ye and site (i.e.. plots vs. nlounds) on 
 oil cllarircteristics 

Source d.f. S.S. F-ratio I' 

Potassium: 

pf-l: 

Pllosphorus: sits 
age 
ayexs i t e  
error 

Organic site 
carbon: age 

age X site 
error 

Calciunl: site 
age 
aye X site 
error 
site 
ngc 
age X site 
error 
site 
age 
agexs l t e  
error 

Nitrogen: site 
age 
age X site 
error 



Table -I 
Results of step\vise ~iiultiple regressions relating the ~lominent species performances (expressed as 
percentage of the total cornniunity biomass estiniated in 0.5-m quadrats) to soil cl~aracteristics. Data for 
plots and rnottntls froni all successional stogcs were pooled. Only tllose variables that added signifi- 
cantly to the model are presented. The regression coefficit~lr and ils significnnce level for eacll vnri;~lrle 
considered is provided 

Coefficient P - l e ~ ~ s l  Anal!,sis of varinncz 

d.[. F-value P 

Crrln~~lr~grosris l~illusri 
Predictor: Constant 25.91 0.153 232  13.35 < 0.000 1 

Organic carbon 12.65 < 0.0001 

PH - 11.12 0.04s 
Deschir~frpsiir fle.urosii 
Predictor: Constant - 119.87 0.0001 .>,-I l 10.73 < 0.000 1 q .  

pl-I 30.15 0.0002 
Cnlcii~ni - 15,SO 0.00s 
Potassiitni 33.21 0.009 

total community biomass to the contents of soil clien~icals was used (Table 4). For 
C. r~illo.st/, there was a highly significant positive effect (P < 0.0001) of organic 
ltiatter content on the spccics perforniance and 56.8% of val.iarice within the data 
sct was explained by the predictors included. The  relationship between dry weight 

C. V ILLOSA D. FLEXUOSA 

. . . -- .- , 160 
1807 

l 

l . .  . : j 1 
 SO; i 1 

ORGANIC  C A R B O N  (O'o) 

Fig. 2. Scatter plots slio\ving tlie I-clationship beI\vc.cn llie doniinalit species perforniancs and organic 
carbon content. which \\;;IS found (Table -1) to be rhe niost important predictor of ]lie specics role in the 
community. Linear modcl WEIGHT = + b XCARBON CONTENT provided :I significant fit to the 
data i l l  the case of Cir1n1flos.r-osris r.illusi~ ( I . =  0.73, P < 0.001, 11 = ? 5 ) ,  whereas for Descl~ir~~~j~xiisin f7e~irosii 
it turned out to be ~~onsignificnrit ( r  = -0.23, P = 0.17; 11 = 35). Data pooled over time and habitat r)'pe 
were used. 
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of C. cillosa and amount of organic matter in the soil was linear (Fig. 2). 
Correspondingly, a negative although non significant effect of carbon content on 
the performance of D. flexltosa was found. Contribution of this species to the 

bionlass was, however, positively related to the pH value ( P  < 0.001) 
and potassium content ( P  < 0.01) and negatively to the calciun~ content ( P  < 0.01). 
Also in this species, the multiple regression yielded a significant result ( P  < 0.001) 
2nd 50.9% of variance was accounted for by the predictors considered (Table 4). 

4. Discussion 

The successional replacement of C. cillosa by D. flex~losa may be explained by 
soil characteristics. In natural conditions, C. cillosa as an understory species of 
spruce forests is confined to deep, humus-rich soils (Concrt, 1989). Humus soil 
layer was, however, con~pletely removed from plots. Nevertheless, C. cillosa was 
the main colonizer due to its stands being present in the vicinity of these newly 
created sites and seiving thus as a diaspore pool, and to its capability to spread 
easily by seed (PySek, 1992). At the beginning of succession, the species is probably 
able to dominate because of its higher growth rate and intensive vegetative 
spreading. Later on in succession, C. cillosa appears to be limited by low organic 
matter content and is eventually replaced by D. flesltosa. On mineral soils, trends 
to D. fles~tosa-dominated stands are common (Miles, 1985; Griine et al., 1988). 
Low content of organic matter in plots is the principal difference in cornparison 
with mounds (see Tables 2 and 31, where C. cillosa retained its dominance over D. 
flex-~tosa. However, one must bear in mind that a significant correlation never 
means a definite causal relationship. Even though organic carbon correlates 
significantly with the occurrence of C. cillosa, there rnay be other factors of more 
importance, i.e., biological traits of both dominant species involved in succession or 
the internal dynamics of their clones. However, data obtained from an other part 
of the KruSnC hory Mountains suggest that under differcnt soil conditions (namely 
on soils with higher content of organic matter), the shift of dominance between 
both species may be reversed, i.e., C. cillosa replacing D. flevltosa (LepS, Michalek 
and PySek, unpublished data). 

Vegetation cover usually accelerates acidification but changes making the soil 
less acid can also occur (Miles, 1985). Decrease of soil acidity which occurred in 
plots between years l and 4 appears to have stopped after D. fle,rltosa became the 
dominant species (co~npare Fig. 1 with Table 2). This corresponds to the report 
that grasslands associated with D. flexltostl provide more humus and promote 
podzolization (Piggott, 1970). 

Some practical conclusions in terms of reforestation may be derived from the 
results presented here. In the region studied, the main disadvantage of sites 
occupied by C. cillosa is that the spontaneous revegetation by trees is pre\:ented 
because of densc grass cover. In reclaimed plots, replacement of C. cillosa by D. 
flesuosa, associated with changes in soil features (especially the decrease of soil 
acidity, increase in Ca, K and nutrients), appears to promote the spontaneous 



cstabiishment of  trecs (Berrlla pe~zcluln, Sor.D[ls a~rcripnr.i(l) and thcrcfore to spccd 
up the succession to the forest. 

h,ly thanks arc  due  to Dana eiikovii [or hclp with thc field ivor-k, Petr Artner 
for carrying out  the soil analyses and Pavla Kotkovi fo1- comments on statistical 
treatment of dat?. I thank two anonymous reviewers for thcir- comments on the 
manuscript. Eva S\~cj:jtlovi kindly drew thc figures. 
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