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Cover data from 13 successional seres starting on bare ground in
the western part of the Czech Republic were analysed. The
following questions were addressed: (1) whether the participation
of species with particular traits exhibits some trends, and (2)
whether primary and secondary seres differ from each other in the
course of the first 10 yr of succession. Primary seres were
distinguished from secondary ones a priori on the basis of absence
or presence of (a) organic topsoil, and (b) soil seed bank at the
onset of succession. Traits important for the course of succession
were considered, their relative importance expressed for each sere
and year on the basis of species quantities, and tested for trends
(increase, decrease, unimodal response, no evident trend or
absence). The majority of traits considered exhibited some trends
in the course of succession. Participation of C-strategists,
phanerophytes, intensity of lateral spread, presence of VA mycor-
rhizae, dispersal by animnals and wind, and height of plants
significantly increased during the first 10 yr of succession, whereas
the participation of R-strategists, therophytes, propagule weight,
and capability of forming persistent seed bank decreased. Partic-
ipation of S-strategists, geophytes, hemicryptophytes, and all
relevant types of pollination did not exhibit any significant trend.
Prilnary and secondary seres differed from each other neither in
trends in life-history characteristics of constituent species nor in
their relative inportance after the first 10 yr of succession.

[t is generally accepted that life-history characteristics
and autecology of species involved in succession change
during the process (Noble and Slatyer 1980, Huston
and Smith 1987, Walker and Chapin 1987, Brown 1992,
Glenu-Lewin ct al. 1992). Flowever, conclusions on the
pattern of changes in species traits during succession
are often rather speculative. So far. only a few studies
have provided rigorous quantitative analyses of a larger
set of species traits (Rydin and Borgegird 1991) and we
are not aware of any quantitative study comparing
more successional seres with regard to species charac-
teristics.

In previous studies, we analysed plant species dynam-
ics in a number of successional seres in various man-
disturbed sites in central Furope (Prach et al. 1993,
Prach and PySek 1994a, b). In the present paper. we
address the question whether or not (1) the traits of
constituent species exhibit trends among the seres, and
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(2) primary seres differ from secondary ones in this
respect.

Methods

Seres studied

Cover data were obtained from published case studies
and unpublished records for 13 successional seres. In the
majority of cases, the cover of each species present was
estimated annually in 5 x5 m permanent plots fixed
immediately after creation of the site. In some seres
(nos. 2, 3,4, 11, 12, 13) comparable stages of different
age were considered or both approaches were combined
to infer the course of succession. Only the first 10 yr of
succession were analysed in the present paper because of
incomplete data {vom later successional stages and var-
ous length of the recording period.

All the seres started on bare ground and were located
in the western part of the Czech Republic. The primary
seres were distinguished a priori on the basis of (a)
absence of organic topsoil, and (b) absence of soil seed
bank at the onset of succession. Those seres with or-
ganic topsoil and sced bank present were considered as
secondary. The following seres were analysed (P indi-
cates primary, S secondary seres):

1. Large spoil heaps from open-cast brown coal min-
ing. Data from Prach (1987) and unpubl. (P).

2. Abandoned sand pit. Data Koc¢ar and Prach (un-
publ.) (P).

3.4, Reclaimed 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 removed (P) and mounds formed
by the dumped material (S). Data from PySek (1992).

5.-6. Barriers around a newly constructed fishpond
formed by sandy subsoil (P) or organic (peaty)
topsoil (S). Data Prach (unpubl.).
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7.--9. Ruderal urban sites in the town of Plzen. Three
particular seres were distinguished according to the
substratum: nutrient poor. mineral (P); moderate in
nutrients, mineral (P): nutrient rich with organic
topsoil (S). Data from Pysek (1978).

10. Exposed bottom of a destroyed water reservoir.
Data Frantik, Osbornova and Prach (unpubl.) (5).

11.-13. Abandoned fields (S). Three seres were distin-
guished according to the soil moisture conditions:
xeric, mesic-and wet. Data from Osbornova et al.
(1989) and Prach (unpubl.).

For a detailed description of the seres see Prach et al.
(1993). Prach and Pyfek (1994a, b) and the sources
mentioned.

Species traits considered

Those traits were considered which arc important in
succession (Noble and Slatyer 1980, Huston and Smith
1987. Walker and Chapin 1987, Brown 1992, Glenn-
Lewin et al. 1992) and. at the samc time. the informa-
tion is available for a large set of species (taken mostly
from Grime et al. 1988, and TI'rank and Klotz 1990).
For each sere, the lollowing characteristics were at-
tributed to each species which attained at least 1%
cover in at least one year of succession:

(a) Lile strategy (C. S. R) according to Grime (1979).
For combined strategies. the respective cover value
was shared between the combined types. CSR-
strategists were excluded from the analysis as being
useless in evaluating the trends in the basic three
strategies.

(h) Life forms (Raunkiaer’s scheme, see, e.g.. Mueller-
Dombois and Ellenberg 1974): T -- therophytes, G
- geophytes, H hemicryptophytes:  Ph
phanerophytes (chamaephytes were not considered
because of too low representation).

(¢) Intensity of lateral spread: perennials attaining
more than 1 m (degrec no. 5 in Table 6.2 in Grime
et al. 1988) were considered.

(dy Presence of VA mycorrhizae (Table 6.2 in Grime et
al. 1988).

(e) Formation of persistent sced bank (as character-
ized by the symbol Bs i Table 6.3 in Grime et al.
[988).

() Propagule weight: participation of species with
seeds lighter than 0.5 mg (the degrees 1 and 2 on
the scale given i Grime et al. 1988).

(g) Dispersal by wind and animals (others were not
relevant).

(hy Pollination mode: wind, insect (others not rele-
vant).

(i) Maximum height (as given in Dostal 1950). Woody
plants were not considered.

202

The importance of particular characteristics was
weighed by the respective species cover for each ob-

served year and sere.

Data analysis

In each 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 modelled with a generalized linear model (Gamma
distribution, log link function — McCullagh and Nelder
1989). The cases where the trait was present in less than
25% of observations and with maximum relative fre-
quency less than 5% were excluded from fitting and
marked as not present. Otherwise, the significance of a
linear model was tested (against the null model of
constancy of the trait frequency throughout the 10-yr
period), using analysis of deviance. The threshold for a
trend significance was set rather high, namely at a Type
[ Error probability of 0.10, for various reasons (only
asymptotically valid test, low resolution of the test
because of low number of observations, and the overall
goal being the identification of the underlying trend in
the data). When a significant linear trend was found, the
“slope™ of the dependence was noted and the trend was
marked either “up’ or “down”. If the form of linear
dependence was not accepted, a second-order polyno-
mial was fitted and the model was tested against the null
model. If significant, the actual shape was checked and
when the fitted curve had a bell-like shape, the trend was
called a “peak™. The other case (with a “valley”-shape)
and the cases where the pattern of change was too
complicated were marked as “‘xx”. Using the same
approach, a generalized linear model was fitted for all
the seres combined, corresponding to the hypothesis
that all the seres have approximately the same be-
haviour as [ar as the considered traits are concerned.

For each logical group of traits (strategies, life forms,
dispersal, and pollination ~ see the previous section), a
contingency table was created with two or three ex-
planatory (“‘stimulus”™) factors: type of succession (pri-
mary or secondary), type of the change during
succession (up. dn, pk, no, xx), and - where appropriate
- the level of the considered trait (e.g. C, S and R for
Grime's strategies).

The contingency tables were analysed using a general-
ized linear model with the response variable being the
number of occurrences of a particular combination of
factor levels (Poisson distribution, log link function).
The base-line model included all the factors and their
interactions, except the one classifying the sere as pri-
mary or secondary. This base-line model was tested
against the alternative one, which included the factor
describing whether or not the sere is a primary one
(Venables and Ripley 1994). The test was based on a x>
test as the correctness of the F-test is questionable in
this case (McCullagh and Nelder 1989).
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Results

Trends in plant characteristics (i.€. increase, decrease,
unimodal response, and no evident trends or absence)
during the first 10 yr of succession arc shown in Table
1 for particular scres as well as for all the seres to-
gether.  Participation  of C-strategists and that of
phancrophytes, intensity of lateral spread, presence of
VA mycorrhizae, dispersal by animals and wind, and
height of plants significantly increased during the first
10 yr ol succession, whereas the participation of R-
strategists, that of therophytes, propagule weight, and
capability of forming persistent seed bank decreased.
Participation of S-strategists, geophytes, hemicrypto-
phytes, and all relevant types of pollination did not
exhibit any significant trend. With respect to the trends,
primary and secondary seres did not differ significantly
from each other in any ol the characteristics considered.

The relative importance of the particular life-history
characteristics in the 10th yr of succession is given in
Table 1 for all the seres analysed. Primary (6 cases) and
secondary (7) sercs did not differ significantly from
each other in any of the traits considered.

Discussion

The results of our study indicate that despite great
variability in species traits among successional seres,
general trends can be lound by comparative studies. We
are less sceptic in this matter than, e.g. Gibson and
Brown (1991) who found that species colonized an
abandoned field irrespective of plant life-history traits,
including dispersal mechanisms.

The majority of traits considered in this study exhibit
some trends in the course of succession. It should,
lhowever, be taken into account that rather robust
statistics were used. The relevant limitation to our data
is that only the first 10 yr of succession were analysed,
and some of the trends may potentially have a different
pattern in a longer perspective.

Some of the trends detected in the present paper are
not surprising. The increase and dccrcase of C- and
R-strategists. respectively (Grime 1979), as well as
the increase of phanerophytes and decrease of thero-
phytes have been repeatedly reported. especially from
the temperate zone (Burrows 1990, Glenn-Lewin et
al. 1992). These integral categories ol species’ life-
histories evidently show the clearest trends (e.g.
Srime 1979, Inouye et al. 1987, Rydin and Borgegard
1991). Surprisingly. hemicryptophytes and geophytes
did not exhibit any clear general trend in our data
sct.

Among the particular life-history traits pollination
mode exhibited a chaotic pattern (sce Table 1), in a
certain contrast to several carlier studies (Rydin and
Borgegdrd 1991). Increasing importance of extensive
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lateral spread and decreasing persistent seed bank are
in accordance with successional theory since annuals,
prevailing in initial stages of succession and retreating
later on, do not spread vegetatively, but usually pro-
duce a large number of persistent seeds (Fenner 1987,
Huston and Smith 1987). Modes of seed dispersal and
sced weight are related to each other as a result of
evolutionary adaptations (Harper et al. 1970). The role
of wind dispersal is usually reported to decrease in
succession, whereas that of animal dispersal and seed
weight increases (Fenner 1987, Huston and Smith 1987,
Rydin and Borgegard 1991). However, we found an
increase in both dispersal categories and a decrease in
seed weight. The increase of the former ones can be
explained by the fact that many species typical of initial
stages of succession do 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 colonizers possess heavier seeds than
other species typical of early stages of succession (Prach
1988; Rydin and Borgegird 1991). Mycorrhizal infec-
tion has been reported to increase during succession in
favourable sites, and to be very important in any seral
stage under unfavourable environmental conditions
(Huston and Smith 1987, Allen and Allen 1990). The
general increase of potentially VA mycorrhizal plants in
our study is in accordance with this expectation. How-
ever, no relation to the severity of a site was found. The
height of a species can be related to its competitive
ability (Grime 1979) and it is generally expected to
increase during succession (Huston and Smith [1987;
Rydin and Borgegird 1991) as it does in our case.
However, it can decrease in nutrient-poor sites (Gleeson
and Tilman 1990), which can be seen in the nutrient-
poorest sere of our data set (sere no. 3 — scraped plots;
see Prach et al. 1993).

Obviously, primary and secondary seres differ from
each other neither in trends in life-history characteris-
tics of constituent species nor in their relative impor-
tance after the first 10 yr of succession. Similarly, there
was no difference between the same sets of primary and
secondary seres in the participation of woody species
(Prach and Py3ek 1994a). The course of succession thus
appears to be related to other factors than its primary
or secondary status. The pattern of species traits may
be correlated rather with site conditions such as soil
fertility (van der Valk 1992, van Andel et al. 1993).
Morcover. the differences between both types are arbi-
trary and often it is difficult to state unambiguously if
a particular sere is primary or secondary (Glenn-Lewin
and van der Maarel 1992, van Andel et al. 1993). We
suggest to restrict the use of these terms only to
whether or not the 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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