
FORUM F O R I J M  is intcndcd for  llcnl ideas o r  new ways o f  interpret ing existing informat io i i .  I t  
pr-oviclcs a charice fo r  suggcstirig hypotheses and for  cl ial lcngirig current t h i nk ing  on 

FORUM ecological issucs. A l ig i i tcr  prose. clcsigncd t o  at t ract  rcatlcrs, w i l l  be permitted. F o r m a l  
researcl1 rcports, albeit slior.t, w i l l  no t  bc acccptccl. ant i  a l l  contr ibut ior is sho~ i lc l  be  concise FORUM wit11 it rc l ;~t ivcly short  list o f  rcfercrices. A slimriiary is no t  required. 
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Krr~.cl Praclr, I;ncrrltj, c? f Biolo,qical Scicncr.~, Urrio. c! f .%rrth Rolrernin, Brarris'oosltci 31, CZ-370  OS cesk  P BntiCjooice, 
Czcclr Reprrhlic @r.nch@jcrr.cz). - Pofr. Pj - .k~k,  Inst. of Botarry, Czech Actrtlcrry of Scicrrces, CZ-252  43 Priilronice, 
Czeclt Rrprrblic. - Pctr. ,qr~rilnrrcr, ficrrlfj, o f  Biolo~ictrl Scicrrccs, Irrriv. of  Sorrth Rohcnrin, R~.artis'osskti 31, 
CZ--370 0-5 Fr~sk P Britl<jo ricc, Czcclr Rtyrrhlic. 

Cover data fro111 13 sriccessio~inl seres start ing on bare gror~r id i n  
the western p:~rt  o f  the Czecli Repr~bl ic were analysed. I 'he  
fol lowing qclestions were atltlressetl: ( I )  wlietlier the p a r t i c i p a t i o ~ ~  
o f  species wi t l i  particri lar t ra i ts exli ibits son~e  trericls, :intl (2) 
wliether pri111:iry ant1 secontlary seres cliffer fro111 eacli other i n  the 
corirse o f  t l ie first 10 y r  of st~ccession. 1'rini:lry seres were 
t l is t ingr~is l~et l  fro111 sccontlary ones a pr io r i  on the b:~sis o f  absence 
or presence o f  (;I) organic topsoil, and (b) soil seecl bank a t  the 
onset o f  successior~. Tra i ts  iniportant for  the course o f  sr~ccession 
were consitlered, their relative i n i p o r t a ~ ~ c e  expressed for e a c l ~  sere 
and year on the basis o f  species quantities, and tested for trends 
( i~~crcase, decrease, r l l ~ i~no t l a l  response, 110 evitlent trend or 
absence). l ' h e  n ~ a j o r i t y  o f  traits considered ex l~ ib i ted  some trends 
i n  the corlrse o f  succession. Part ic ipat ion o f  C-strategists, 
pl~anerophytes, inter~si ty o f  lateral  spread, presence o f  VA  mycor-  
r l~ izae, tlispersal b y  animals a ~ ~ d  wind, a ~ ~ d  height o f  pl:~nts 
s i g~~ i f i can t l y  increased dur ing the first 10 y r  ofsrlccessio~~, \vliereas 
the participation o f  R-strategists, tlierophytes, propagr~le meigl~t, 
and capabil i ty o f  forniing persistent seed hank tlecreasetl. Part ic-  
ipat ion of  S-strategists, geopliytes, he~nicryptophytes, a r ~ d  a l l  
relerant types o f  poll ination d id  not  exl i ih i t  al ly s igr i i f ica~i t  t re~id.  
Pr imary  and secondary seres differed f rom each other neither i n  
t r e ~ ~ d s  i n  life-history cli:~racteristics o f  constituent species nor  i n  
their relative importance after the first 10 y r  o f  sr~ccession. 

I t  is generally accepted that life-history characteristics 
and autecolngy of species involved in successicm change 
tluring tlie pt-occss (Noble and Slntyer 1980, lluston 
and  Smith 1987. Walker ancl Chapin 1987, Bro\vn 1992, 
Glet111-1~eu.in et al. 1992). I Iowe\~er,  conclusion^ on tlie 
pattern of clial~ges in  species traits during succession 
arc often lather speculative. So far. only a fe\v studies 
have provided rigor.ous clu:~ntitative nl~alyses of a Insgel- 
set of species t~x i t s  (Rytlin and Rol-gegird 1991) and we 
are not aware of a n y  cluantitative stildy comparing 
more successional seres with regard to spccies cliarac- 
tcristics 

111 ~.~.evious stutlies. we analysed plant species tlynam- 
ics in a numbet of successional seres in valious man- 
disturbed sites in central Europe (Pracli et al. 1993. 
Pracli and PyBek 19942. b) .  In the present paper. we 
:~tldsess the cluestio~~ whether 01- not ( 1 )  tlie traits of 
constituent species exhibit trends among tlic sercs. and 

(2) primary sel.es cliffer from secondary ones it1 this 
respect. 

Methods 

Seres studied 

Cover clnta were obtairlecl from published case studies 
and unpublislied records for 13 successional set-es. In the 
~najority of cases, tlie cover of each species present was 
estimated annually in 5 X 5 m permanent plots fixed 
immediately after creation of tlie site. I n  some seres 
(nos. 2, 3, 4, 1 1, 12, 13) colnparable stages of different 
age were considered or both approaches were combined 
to infer tlie course of succession. Only the first 10 yr of 
succession wet-e analysed in tlie present paper because of 
incomplete data Trom later successional stages and var- 
ious lel~gtli of tlie recording period. 

All the seres stnrtecl on bare ground and were located 
i l l  tlie western part of tlie Czech Republic. The primary 
seres were distinguisheel a pl-inri on the basis of (a) 
absence of organic topsoil, and (b) absence of soil seed 
bank at tlie onset of succession. Those seres with or- 
ganic topsoil and seed bank present were considered as 
secontlat-y. Tlic following seres were analysed (P indi- 
cates primary, S secnnclary seres): 

1 .  Large spoil heaps from open-cast brown coal ~n in-  
ing. Data frnni Pracli (1987) and unpubl. (P). 

2. Abandoned sand pit. Data K o S r  and Pracli (un- 
publ.) (P). 

3.--4. Reclaillied sites in areas deforested due to air 
pollution. To  make the replanting of spruce easier, 
the sites were bulldozed creating plots with grass 
cover and topsoil removetl (P) and mounds formed 
by the dumped material (S). Data from PySek (1992). 

5.  6. Barriers around a newly constructed fishpond 
fortiled by sandy subsoil (P) or organic (peaty) 
topsoil (S). Data Prach (unpubl.). 
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7:-~9. R ~ ~ t l e r a l  urban sites in tlie town O S  l'lzcfi. Three 
pal-ticulnr sel-es werc clisting~~islictl according to the 
s u h s t r a t ~ ~ m :  nulricnt poor. mineral (P):  modcr:~le in 
nutrients. mineral (P): nutrient ricli with organic 
topsoil (S).  Data from P y k k  (1978). 

10. Exposecl hotto111 of n clestl-oyccl water reservoir. 
Data Franlik, 0sbo1-novh and 1't.acIi (unp~lbl . )  (S).  

1 1 .  - 13. Ahancloned fields (S).  TIlree sercs \\;ere clistin- 
guislied according to [lie soil ~noistul-c conditions: 
xeric, mcsicaand wet. Data from Osbornov;i et al. 
( 1989) and  I'racli ( t l n p ~ ~ b l . ) .  

For a detailed desc~.iplio~i O S  the sercs sec Pracli et al. 
(1993). P~xc l i  ancl P y k k  (1094a. h) ancl the sources 
mentioned. 

Species traits consitlered 

Those traits were consiclel.ed n;liicli are important in 
succession (Noble and Slatycr 1980. IIuston oncl Smith 
1087. Walker ancl C'liapir~ 1987. 13r.o\vn 1992, Glenn- 
Le\vin et al. 1992) ancl. at tlic same time. tlle informa- 
tion is available for :I Iclrgc set O S  species (taken mostly 
Srom Grime et al. 1988. ancl F I . : I I I ~  ; ~ n d  Klotz 1990). 
For  each sere. the li)llo\\,ing c I i a r :~c t r i s t i s  were at- 
tributt.cl to each species ivliicli attained at le:~st I ' X l  

cover in at least one }ear OS succession: 

( a )  Lire strategy (C, S. R )  nccol-ding to Grime (1070). 
For co~nbined slrategics. tlie rcspccti\le cover \.alue 
\\,as shared between tlie combinctl types. CSII- 
strategists \\.ere cxclutlccl Sronl tlic :~nalysis as being 
~lseless in evaluating the trencls in the basic three 
strategies. 

( h )  Life rorrns (Rautlkiacr's sclie!ne, see, e.g.. Mucller- 
Donlbois ;Incl Ellenbcrg 1974): T -~ tlierol,l~ytes. C; 
- geol'llytes. 14 hemic~.yptopliytcs; PI1 ~ - .  

plianeropliytes (ch:~rn:~epliytcs \\?ere not considered 
because of too lo\\: ~.eprcscntation). 

(c) I~itelisity OS I;~tel.al sprcacl: percnni:lls attaitii~lg 
more than 1 m (degree 110. 5 in Table 6.2 in Grime 
et al. 1988) werc cc~nsiderecl. 

( d )  Presence of VA mvcorrhizae (Table 6.2 in (;t-i~nc et 
al. 1088). 

( e )  I;or.malio~i of 1)cr.sistent seed hank (as cIia~.;lclcl.- 
ized hy tlie symbol 13s i l l  7':1l>lc 6.3 in Grime et al. 
1088). 

(I )  P~.opagulc weight: pnt.ticil,ation ol' sl,ccics \\'ill1 

seetls lighter than 0.5 mg (tlie degrees 1 and 2 on 
the sc;lle given in C;rimc et al. 1088). 

(g)  Dispersal bp wind and  animals (otliers \\,ere not 
relevant). 

(11) Pollination mode: wincl, insect (otlicrs not rele- 
vant). 

( i )  Maxilnum height (as given in I>ostAl 1950). Woody 
plants ~vel-e not considcl.cd. 

-1-lic importance of particular characteristics was 
weighed by the respective species cover for eacli ob- 
sct.vecl year ancl sere. 

Data analysis 

In eacli sere, the change over time in the relative 
importance of particular traits (expressed as a percent- 
age contribution of species possessing the given trait) 
was moclellecl witli a generalizecl linear model (Garnma 
clistrihution. log link function - McCullagh and Nelder 
1989). Tlie cases where the trait was present in less than 
25'>i, OS observations and with maximum relative fre- 
quency less than 5':in were excludecl from fitting and 
marked as not present. Otherwise, the significance of a 
l i~lear moclel was tested (against tlie null model of 
constancy of tlie trait Srequency tlirougllout the 10-yr 
period), using analysis OS deviance. The threshold for a 
trencl significance was set rather high, namely a t  a Type 
I Error probability of 0.10, for various reasons (only 
asymptotically valid test, low resolution of the test 
because of low nulnber o f  observations, and tlie overall 
goal being the iclcntification of the underlyi~lg trend in 
tlie clata). When a significant linear trend was found, tlie 
"slope" OS tlie dependence was noted and the trend was 
marked either "up" or "dowll". If the form of linear 
clependciice was not accepted, a second-order polyno- 
mial was fittccl and tlie model was tested against the null 
rllodel. IS significant, the actual shape was checked and  
when tlie fitted curve had 21 bell-like shape, tlie trend was 
called u "peak". Tlie other case (with a "valleyv-shape) 
and tlie cases where tlie pattern of change was too 
complicated were marked as  "xx". Using the same 
al7proac11, :I generalized linear model was fitted for all 
tlie seres combined, corresponding to the hypothesis 
that all tlie seres have approxi~nately the same be- 
li:~viour as ~ I I -  as  tlie considered traits are concerned. 

For eacli logical group o f  traits (strategies, life forms, 
clispersal, and  pol1in;ltion -- see the previous section), a 
contingency table was created witli two o r  three ex- 
pla~iatory ("stim~~lus") factors: type o f  succession (pri- 
m1l-y or secondary), type of the change during 
succession (LIP. dn,  pk. no, xx), and - where appropriate 
- the level OS tlie considered trait (e.g. C. S and R for 
Grime's strategies). 

The corltingency tables were analysed using a general- 
ized linear model witli tlie response variable being the 
number of occurrences o f  a particular combination of 
Sactor levels (Poisson distribution, log link function). 
Tlie Ixlse-line model included all tlie factors and their 
inte~.;~ctions, except the one classifying tlie sere as  pri- 
mary o r  secondary. This base-line model was tested 
against tlie alternative one, which included the factor 
describing wllether or not the sere is a primary one 
(Venables and Ripley 1994). The test was based on a x2 
test as tlie cor.rectness of the F-test is questionable in 
this case (TvIcCullagh and Nelder 1989). 



Trends in plant chnracte~.istics (i.c. incrcasc. decrease, 
unimodnl response. ; ~ n d  110 evident trends o r  absence) 
during tllc first I0 ys of succession arc shown in 7'able 
1 ror particular. scrcs as wcll :IS for all the scres to-  
gcthcr.. Participation of C-str;itegists ancl that of 
pha~icropl~ytes .  intensity of l a t c~x l  spread, presence of 
VA rnycor r l~ iz ;~~ .  (lispcrs~11 by ;~nirnals and wincl. and 
height of p la~l ts  significantly increnscd during the first 
10 yr of succession, \vhcrens the participation of R-  
strategists, tllat of tliel-ophytes, 131-opagule weight. and  
capability of forliling pcssistent seed bank decreased. 
Participation of S-stl-atcgists. geophytes. Iicniicrypto- 
phytes, ant1 all relevant typcs of po l l i~~a t ion  did not 
exliibit any significant trc11d. With respect to  thc trends, 
p s in ia~ . .~  rind secor1dar.y sescs did not differ significantly 
from eacll otlier in any of tlie cha~.actcsistics co~lsidered.  

.The relative ilnporta~ice of the particular lifc-llistory 
characteristics i l l  the 10th yr of successioll is giver1 in 
-1';tble 1 for all tllc sercs a~lalysed.  Prin1ni.y (6 cases) and 
sccolldary (7) scrcs did riot cliffcr sig~lificantly f~ .om 
e;lcll otllcr i l l  any o r  the traits co~lsidt-rctl. 

l~iscussion 

'T'lic ~.csults of ous study i~ldicatc t l ~ i t  dcspite grcat 
vnl-iahility ill spccics traits alnong successional seres, 
general t re~lds  call he found by comparative studies. We 
are less sceptic in this mattcr thn11, e.g. Gibson and 
I3rown ( I90 1 ) who I'oi111cl Illat species colonized a n  
al)anclonccl licld irrespective of plant life-llistory traits, 
includi~lg tlispersal mccl1a1lisms. 

The majority of traits considered in tliis study exhibit 
some trends in tlic course of succession. It should, 
Iinwcvcr, be taken into account that ratlicr I-obust 
statistics wc1.e usecl. The rclevnnt limitation to o u r  data 
is t l l ; ~ t  only thc first 10 ys of succession were analysecl, 
and some of tlie trentls may potentially have a difucrent 
pattern in ;I longcr pc~.spcctivc. 

Some of thc trencls tletcctccl in thc prcscnt papcr are  
not surprising. Tlic i~lcrcasc and  dccrcase of C- and 
R-strategists. rcspcctively ((31-ime 1979). as well as 
the incrcasc of plianeropliytes and dccsease of thel-o- 
pliytes Ilavc hccn ~.cpc:itedly ~ . e l ~ o ~ . t c d ,  cspccially from 
the tcmperatc zone (Rurrows 1090. Glcnn-l,cwin et 
al .  1992). 1-hcsc integral categories of spccics' lifc- 
histories cviclcntly silo\\; thc clca~.cst tscllds (c.g. 
Grime 1979. Inouyc et al. 1987, Ryclin a n d  RorgcgArd 
199 1 ). Surlxisingly. I~emic~.yptopliytes and geophytes 
dicl not exhibit ally cle;~r. general trencl in ou r  data 
sct. 

Alllong thc particulr~s lifc-history twits  pollination 
mode cxliibitc(l :I chaotic pattern (sce Table I ) .  in a 
certain contrast t o  several carlier studics (Rydin and 
1301-gegA1.d 199 1 ). Incseasing impor.tance of e x l e ~ ~ s i v c  

lateral spread ancl clecreasing persistent seed bank are 
in accordance with successional theory since annuals, 
pre\lailing in initial stages of succession and retreating 
later on, d o  not spread vegetatively, but usually pro- 
cluce a large ~ i u n ~ b e t  of persistent seecls (Fenner 1987; 
Fluston :incl Sni i t l~  1987). Modes o f  seed dispersal and 
seed weight are related to each other as a result of 
evolutionary adaptations (Harper  et al. 1970). The  role 
of wincl dispersal is usually reported t o  decrease in 
succession. whereas that of animal dispersal and seed 
weight i~lcrenses (Fenner 1987, I-Iuston and Smith 1987, 
Rydin and Rorgegfird 1991). Flowever, we found a n  
increase in both dispersal categories and a clecrease in 
seecl weight. The incrcase of tlie former ones can be 
explained by tlie fact that many species typical of initial 
stages of succession d o  not posses specific modes of 
dispersal (see Table 6.3 in Grime et al. 1988). The  
decrease of seed weight corresponds to  some earlier 
findings that first colonizess possess heavier seeds than 
other species typical of early stages of succession (Pracli 
1988; Rydin and Rorgegr"lrd 199 1). Mycorrliizal infec- 
tion Ilas becn repel-ted to  increase dill-ing succession in 
filvourable sites, ancl to be very important in any sera1 
stage irnder unf~ivoi~rable  environmental conditions 
(Fluston and Smith 1987, Allen and Allen 1990). The  
gcneral increase of potentially VA mycorrhizal plants in 
our  s t ~ ~ d y  is in acco~.dnnce with this expectation. How- 
evcs, no  relation to the severity of a site was found. The  
licigl~t of a species can be related t o  its competitive 
ability (Grime 1979) and it is generally expected to 
increase during succession (14ilslon and Smith 1987; 
Rydin and Bol-gegird 1991) ns it does in our  case. 
Howevcs, i t  can decrease in nutrient-poor sites (Gleeson 
a n d  Tilman 1990). tvhich can be seen in the nutrient- 
poorest serc of ou r  data set (sere no. 3 - scraped plots; 
see Prach et al. 1993). 

Obviously, primary and secondary seres differ from 
each other neither in tl-e11ds in life-history characteris- 
tics of constituent species nor in their relative impor- 
tance after the first I0 yr of succession. Similarly, there 
was n o  cliffcrence between the same sets of primary and 
secondary seres in the participation of woody species 
(Pi.acIi and PySek 1994a). T h e  course of succession t h i ~ s  
:lppeilrs to  be related to  other factol-s than its primary 
o r  secondary status. The  pattern of species traits may 
hc correlated rather with site conditions such as soil 
fertility (van der Valk 1992. van Andel et al. 1993). 
MOI-coves. the differences between both types are al-bi- 
trary and often it is clifficult to state ~ ~ n a r n b i g ~ ~ o ~ ~ s l y  if 
a particular sere is primary o r  secondary (Glenn-Lewin 
a n d  van del- Maarel 1992. van Andel et al. 1993). We 
suggest to  sestrict the use of these terms only to  
whether or  not thc site was previously vegetated, with- 
out any direct implications for the course of succession 
to follow. Such a meaning is even closer to  the original 
concept (Clements 1916). discarding many later un- 
proven ideas. 
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