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A model for succession of ground cover communities based on the difference in time
of occurence of different plant species in succession has been developed. Plant spe-
cics have been divided into pioneer, intermediate and climax specics assuming that
climax species can supersede pioneer species in competition for resources. By apply-
ing matrix notations the model can be presented in quite a simple form. The para-
meters of the model were estimated, and the coursc of succession has been computed
for a ground cover community following clear cutting.
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Ferma pazpaboTaHa MDUETbh CYKUeCCHHE PACTHTENBHOTO [I0KDoBA, CO3TOARHad Ha
OCHOBC BPCMEHHERIX PASITHUME BCTREUAEMOCTH OTIIENIRHBN LHOODR DACTEHWA B [X0O-—
Hecce CYKUECTHH. BHIn pacTOHMR v paneieHs]l Ha [MMOHEPHER , [0y To—
HEE M KMMAKCOBEE, [MRDHYUCM MNpCONQaranoch, 4YTO [IOCNEIHHE MOTYT BeTECHA—
Th IMOHCPHEE B NpOLECce KOHKYDPEHIMH 3a THMIEBLE POCYRchl. TDH HMPHVeHEeHWH
MATPHL] MOOeNE MOXET EOTh W30O6DIE(la B OYCHB NpacTol dopve. JlaHa OUCtKa
MapaMeTROE MOOM; TPOLeCC CYKUSCCHH [MPOaBaATMInPOBaH WA PacTHTETEHER
COORNCCTE, PaRIBUBAFIMKXCA Ha MeCTe CIVIOUHOW BRERYOKHM.
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Introduction

The concept of succession is used in order to describe a
serics of directional changes in community structure.
The successional community can be divided into several
stages. [n particular, the concepts of pionecr and climax
stages have been applied frequently for describing the
differences betwcen plant communities occupying the
same site during early and late succession (Clements
1963: 72-78, Mueller-Dombois and Ellenberg 1974:
380-397). The community members are called pionecr
or climax species, respectively. Thus plant species have
been divided into different categories according to the
stage at which they occur during community develop-
ment, The present classification is crude, but it does
make it possible, however, to give a general description
of community development during the course of suc-
cession. On the other hand, this approach enables
turther consideration to be made of the mechanisms
involved in succession and its modelling.

The aim of the present paper is to develop a descrip-
tive moedel for community development in the course of
suceession based on the different competitional power
of the different species categories, The model has been
applied to the ground cover of a tree stand after clear
cutting.

Study approach

The presence of a plant species in a successional com-
munity is dependent on its competitional power (cf.
Clements 1963: 72-78). The process of succession is
rather regular within the limits set by the environment
and therefore the time occurrence for each species can
be recognized. In practice, however, it is possible to
distinguish only a few catcgories, such as pioneer and
climax specics. In addition to these two categories, a
catcgory for intermediate species is introduced, i.c. for
species which oceur in the intermediate stage of succes-
sion.

Let %), denote the non-occupied area in the year n,
Xa, the area occupied by pioneer species, x5, the arca by
intermediate species and x,, the arca by climax species,
correspondingly. The reoccupation ratio ay; is defined as
the ratio between the area vacated by species class i
from the species class j and the arca of species class j.
Thus the area reoccupied by species i from species j is
Aij * Kjn—1-

The climax species can increase its arca at the ex-
pense of the other species. This can be formulated as
follows

Xan = 41 Xip-1 T 42 Xona + 843 Xan T Xapr- (1)

The intcrmediate specics can increasc its area at the
expense of non-occupied areas and pioneer species
classes and lose it to climax species

(2)

Xay = @3 Xjnog b 832 Xon + Xap —843 Xgpa
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The pioneer species can increase their coverage at the
expense of non-occupied areas and lose it to intcrmedi-
ate and climax species

Xap = @1 Xipml T Xzpo =832 X2 ~8a2 X201 (3)
The non-occupied arca can only decrease
Xin = Kin1 —d24 Xint —831 g —841 X1 (4)

Injury to the plant species is now described by four
equations which include six parameters. These equa-
tions are recursive i.e. the situation for one year is cal-
culated with the help of the situation the previous year.
These cquations are now rather complicated. Their
formalization can be simplified by using matrix nota-
tions,
Let us define the state vector X, as

Xn = xln (5)

The recccupation matrix A is defined

1—-a,,—as;—as; O 0 \;
— s 1 —d3z;—dg2 0 0 6
A= d3q a3z I-as 0 (6)
a4 42 a4; 1

The Eqgs (1)—{4) can now be written in condensed form
Xa=AXn (7N

The state vector X, ; can be expressed using the pre-
vious year and so on

Xpo=A X =A AX LA A A X.,~=

= ... = A"X, (8)

Thus the state vector X, can be computed from Eq. (8),
if the initial state vector X, and the reoccupation matrix
is known. This model is analogous with that presentcd
by Piclou (1969) for growth of an animal population
with age-dependent birth and death rates and by Horn
(1976) for tree strata of a stand.

Material

In order to estimate the parameters of Eq. (8) the ma-
terial for ground cover communitics of the Myrsillus site
type (cf. Cajander 1949) collected during the third in-
ventory of Finnish forests in 1951-1953 was uatilized.
For this purpose several inventory transects wWerc sc-
lected representing south boreal vegetation in central
Finland (Fig. 1). The sample plots were selected in such
a way that they represent a succcssional series of one
hundred years. The description of ground cover wis
carried out by applying the concept of coverage. In this
procedure vascular plants, field laver, and bryophytes,
bottom layer, were treated separately, as has also been
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Fig. 1. Region of data collection

done in the analysis. Tree strata and brush layer were
excluded from the material owing to the changes in their
structure caused by silvicultural measures. A detailed
description concerning the methods applied in the de-
scription of ground cover is given by Kujala (1964).

The plant species of the ground cover were divided
into pioneer, intermediate and climax specics. In partic-
ular. the studics by Kujata (19264, b) concerning the
ecological properties of different plant species were
applied in classification. The classification of plant spe-
cies is presented in Tab. 1.

Results

The six parameters of Eq. (8) were estimated using the
method of least squares applying computer interation.
The numerical values of the parameters arc presented in
Tab. 2. At the second step of the analysis 4 computation
for the share of different categories during the course of
succession was carried out applying the above menti-
oned parameters. The results of these computations for
the ficld layer and bottom layer are presented in Fig. 2.
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Discussion

The present model is based on the assumption that the
competitive power of each successional category does
not change during the course of succession. According
to this assumption development of the community
approaches a steady state where the abundance of the
different species remains unchanged and the community
structure is characterized by climax species with patchy
and low occurrence of other successional categories.
Owing to the computational procedure the proportional
relations between species’ abundances in stationary
composition are independent of the initial composition
of the plant community and are only determined by the
matrix of competitive power of successional categories.
Thus, the events 1aking place in the environment before
the appearance of the initial community have no effects
on the course of community development determined
by matrix of competitive power {cf. Horn 1976).

The present model is compiled in such a way that
ploneer species are suppressed by intermediate species
and climax species and intermediate species by climax
specics, i.c. hicrarchically. Owing to the reproductive
strategy of vascular plants in the ground cover such suc-
cessional processes in the ficld layer are evident. Duc to
the clonal distribution of plant species it is ordinary that
plant species belonging to other successional categories
than pioneer specics appear in early successional stages,
and hence the hierarchical occupation of a site is pos-

tategory

=
=
ST

=
o
-

=
o

Share of successianal

from coverage

T
100

Age of stand, years

Share of successienal tategory

from coverage

L] 2 kg 40 50 2] Tl B0 30 [LL}

Age of stand, yeuors

Fig. 2. Above: Course of succession for the field layer. Solid
line represents climax species, broken line represents interme-
diate species. and chained line represents pioneer species. Be-
low: Samc as above but for the bottom layer.
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Tab. 1A, Plant species of the field layer belonging o dilferent successional categories.

Pioncer

intermediale

climax

Agrostis temuds Sibth.

Culamagrostis arvadinucea (1..) Roth

C. epigejos (L) Roth

. sp.

Carex hrunnescens (Pers.) Poir.
C. digitata L.

C. globultaris L.

Avenella flexuosa (L.) Parl.
Deschampsia cespitosa (L.) PB.
Festiea ovinu L.

Luzula multiflora (Retz.) Lej.
Epilobium angustifolivm 1.
Fragaria vesca L.

Ceranium sylvaiicum L.
Hyvpericum maculom Cr.
Potentifta erecra (L.) Riusch.
Rutbus arcricus L.

Rumex acetosella L.

Stellaria graminea L.

Veronicu achamaedrys L.

V.o officinatis 1.

Euphrasia sp.

Calluna vulgaris {1..) Hull
Chimaphila umbellara (L.) W. Barton
Empetrum nigram L.

Luzula pilosa (L.) Willd.
Hepatica nobilis Miller
Anemone nemorosa L.
Convallaria majalis L.
Drvopreris cristata (L.} A, Gray
1. ditasa (Loffm.}y A. Gray
Fguisetunt svivaticum 1.
Hieracium murorynt L.

Maianthemwm bifolien (L) F. W. Schm.

Melampyrum pratense L.
M. svivaticum L.

M. sp.

Plantago major L.
Polvpodium vidgare L.
Preridinm aquilingm (L.) Kuhn
Pyrola media Sw.

P. minor L.

P. rotundifolia L.

Orthilia securda {L.) House
Rubus saxatilis L.

Solidugo virgaurea L.
Triemaliy ewropaea L.

Viola riviniuna Reichenb.

Lycopodium annotinim L.

L. clavaiwm L.

Picea abies (1..) Karst.

Vaccinium myrtiflus L.

V. vitis-iduen L.

Dryopteris filix-mas (L)) Schott
D. carthusiana (Vill.) H. P. Fuchs
Gymnocarpinm dryopreris (1) Newman
Linnaca borealis L.

Moneses uniflora (L)) A. Grey
Ouxalis acetosella 1..

Pyrola chlorantha Sw.

B. Plant species of the bottom laver belonging to different successional calegories.

Pioneer

Intermediate

Climax

Polvirichiunt juniperimon Hedw.
Cetraria istandica (L.) Ach.

Cladonia arbuscula{Wallr.) Rabenhb,

C. fimbriwa (1..) Sandst.

Awlacomnimm pofustre (Hedw.) Schwaegr. Dicranum elatum Lindb.

Brachviecium curtum {Lindb.) C. Jens.
Polytrichum comynune Hedw.
Rhodobryuwm rosewni (Hedw.) Limpr.

D. majus Sm.
0. plysetum Sw.
Hylocomiwm splendens (Hedw ) B.S.G.

Rirvridiadelphus riquetrus (Hedw.) Warnst. Plearozium schreberi (Brid.) Mitt.

Sphagnwn girgensolnil Russ.
Peltigera aphthosa (1..) Willd.
P. malucea (Ach.) Funck

Ptilium crisin-castrensis {Hedw.) DeNot.
Nephroma arcticum (L.} Totss.

Tub. 2A. Competitive power of different successional categories in the field layer.

Successional category Successional category

inereasing decreasing
1 2 3 4
Bare ground ....... ..., (]
Pioncer species ......... (2] 1.0000
Intermediate species ... .(3) 0.6620 00425
Climax species ... ....... (4) 0.0000 0.0000 0.0312

B. Competitive power of different successional categories in the bottom layer.

Successional category Successional category

INCTEAsIng decreasing
! z 3 4
Bare ground ... .. ... (1)
Pioneer species - ... .. (2) L.O000
Intermediate species .. ..(3) 0.5870° 0.0612
Climax species . ......... (4) 0.0000 0.0000 0.0500
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sible, as argued by Witford (1949) and Qinonen (1963,
1971). In the bottom layer, i.e. among the mosses and
lichens, hierarchical succession is not absolutely neces-
sary. It is reasonable to assume that plant species invade
the bottom laycr communities onc after another in such
a way that carly successional species make the site suit-
able for late successional species as suggested by Cle-
ments (1963). However, it is evident that hierarchical
succession is the main process of succession among vas-
cular plants as a result of vegetative reproduction which
is favoured in natural selcction as regarded adaptation
to decreasing resources of the developing community as
argued by Horn (1976).

The present method gives no answer to the question
regarding the mechanisms involved in competitive
hicrarchy. According to Horn (1971) the most probable
reasons for differcnces in successional status beiween
plant specics are found in the relationship between
growth rate and light conditions of diffcrent plant spe-
cies. In particular, differences arc caused by the distri-
butien of leal mass in growth velume, and species with
multi-layer leaf distribution seem to be superior to spe-
cies with monolayer leaf distribution in great light in-
tensities, and mono-layer species are adapted to low
light intensities. Horn (1971) supposcs that differences
in plant species’ photosynthetic responses to varying
light intensities are, however, not sufficient to explain
successional processes, but the constitutional differen-
ces in photosynthetic activity seem to be compensated
by the distributional pattern of assimilates to shoot and
root systems. Schultze (1972) agrces with the latter as-
sumption, and demonstrates that high energy invest-
ment primarily above ground with the establishment of
new leaves gives a plant species a high competitive po-
tential {cf. also Lieth and Aston 1961}). As regards the
adaptive stratcgy of plant specics it may be meaningful
that early successional specics grow quickly but cannot
survive in suppressed conditions as can dominates of the
late successional stages (cf. Horn 1976},

The present model is constructed from four successi-
onal categories but generalizing for a larger number of
catcgories does not involve much trouble. In theory, the
model can be computed using one specics but great
practical problems are encounted in determining the
successional status of each species as regards ground
cover. In this respect the tree stratum is not so compli-
cared and a more precise application of the present mo-
del could be possible as suggested by Horn's (1976)
formulations for trec stratum based on demographic
characteristics of tree stratum,

Predictions for the course of succession of field and
bottom layers were also carried out. The results show
that the dominance of grasses and herbs in early succes-
sion changes to the dominance of dwarf shrubs and
mosses as community development is taking place, as
expected. This result is only to be expected and is de-
pendent on the classification applied in formation of
successional categories but it does agree with the pre-
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sent knowledge concerning the successional status of
members of ground cover communities in Finnish con-
ditions (cf. Kujala 19264, b). Applying matrix notations
the ideas have been operationalized in order to allow
quantitative analysis. What is evidently more problem-
atic is the quality of the material since it includes unspe-
cificd variation caused by the general appreach, i.c. the
present successional series is compiled by the stands
representing cross scctions of different successional se-
ries. The monitoring of permanent plots would provide
much better facilities for the analysis of the present
problem than the available material. However, this fact
does not decrease the reliability of the results to any
great extent as discussed earlier.
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