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OPENING SPEECH

E.F. Bruenig

Federal Research Genter for Forestry and Forest Products, Institute for World Forestry, Hamburg, Federal
Republic of Germany

Interest in the long-term cbservaticn of vegetation dynamics is
increasing and the focus is changing. Early research in Europe was
concerned mainly with the history of species migration and vegetatien
development after the latest glaciation and in peatswamp succession.

In German ferestry silvicultural handbooks during the 19th century
menticnsd vegetation change only in connectiocn with stand growth and
increment. RUBNER(1952, p.524-525) in his bock on the biogeographic

basis of silviculture guotes examples of primary succession to forest
given by FURRER (1923), AICHINGER and SIEGRIST (1930) and WALTER {(1937)
hinting their importance for forestry purposes. He concludes:"The dynamic
concept which characterizes plant socioleogy, has much contributed to a
deeper understanding of vegetation cover, especially of the forests,

but it cannot be ignored, that it { - the concept of dynamics -} easily
leads to speculation".

The number of titles in comprehensive cross-secticnal reviews may be
an indication of the intensity of research into forest succession and
dynamics. In the rather comprehensively interdisciplinary review of
"Dkosystemforschung” on the Symposium of the Deutsche Botanische Gesell-
schaft and the Gesellschaft filr Angewandte Botanik in Innsbruck, 1971,
ELLENBERG in the introductory paper covers succession studies only in a
gereral reference to "Entwicklung ven Ukosystemen" on one and a half
page {p. 16-17) which concludes that:"not all adjacent ecosystems of
gradually changing complexity, or of other features, are connected as
parts of a successional series, but may have always been different.
Particularly in the Anglo-Saxcn and American literature the importance
of the successional dynamics has often be overrated” (ELLENBERG, 1973).
In the "Festschrift fir Heinz Ellenberg" (1983), among 80 papers in parts
I and 1T were only 2 papers devoted to succession in forests:

- the one was by Mueller-Dombois on the die-back in Hawaian forests,

- the other by Jenik on succession on the Polona balds.

Alsc among the 15 papers of the "IUFRQ Urwald-Symposium", (MAYER,
1982} of the Virgin Forest Working Group only 2 papers specifically
referred to vegetation development and forest dynamics. The one was
by FANTA on the dynamics of forests on the sandy soils in the Nether-
lands. The other by BUECKING describes the long-time obserwvation in
forest vegetation study plots in the Black Forest. Among the 195
titles cited by BOSSEL et al. (1985) in "Dynsmik des Waldsterbens"
only 3 bore clear reference to the changes of the forest ecosystem
and the secondary succession initiated by aerial pollution. The
majority of cited papers treated isolated, single processes or
referred only passingly to comprehensive change of structure and
functioning of the ecosystem as a whole.



The ecological methods handbook by ELLENBERG and MUELLER-DOMBOIS
{1974} treats succession, climax and stability in chap. 13 (p. 370-410)}
which apart from reference to earlier and more biographic or sociological
work by ATCHINGER, GAMS, TUEXEN, WALTER and WENDELBERGER {(l.c. 1974)
contains no refersnces to European forest succession research. For some
reason, ecological research and especially research into forest dynamics
stagnated in Central Furope after a promising start in the 19th century.
Static concepts continued to prevail and only recently, more dynamic
and system-oriented approaches were adopted {e.g. BOSSEL et al., 1985).
This is illustrated by the long survival of the concept of a homeostatic
terminal climax state. It is therefore not surprising that the extensive
and comprehensive literature review in SHUGART's (1985} recent book
on forest dynamics contains only very few references to Central European
sources.

One of the reasons for the failure to perceive the very dynamic
nature of forest ecosystems lies in the fact that almost the whole
of Central European forests are man-made in some way or another
and the majority of the lowland forests are first or second generation
plantations on formerly defcrested, degraded and desolated land,

While research in primary forests showed convincingly the highly
dynamic and thermodynamically open nature of the virgin forest
ecosystems, the notion of =2 normsl forest being in a sustainable
equilibrium persisted among European foresters and ecologists. For
example, ELLENBERG (1973, p. 16) assumes that once the climax stsge
has been reached through & series of instable developmental phases
of succession the ecosystem of a virgin forest would eventually
achieve a state of eguilibrium, i.e. the climax ecosystem would
not increase its biomass, but production and decomposition/consumption
would he and remain in balance. On the other hand, however, ELLENBERG
(l.c.p.26)alscrefers to the colonization of a clear-felling or wind-
thrown area as an example of cyclical or secondary succession which
ocecurs in many forest areas, including the tropics. He states that the
primary succession in a forest climate is in basic principles similar
to this secondary succession (that would mean, the ideal climax is an
ideal and not real}, but concedes that there are far too few exact
observations on primary forest succession yet available. There has been
a somewhat different development of more dynamic and generally more
active ecological research in Great Britain, The Netherlands, Scandinavia,
and in tropical countries, but this research was understandably more
related to grassland, fields, sand dunes, heathland and moors than
to forests, except in the tropics.

What are the problems, which have been and are still hindering progress in forest dynamics research?

Firstly, they are philosophical: The Clementsian and the Gleason's
views are still not yet sufficiently reconciled ip the minds of many
natural scientists; forestry scientists in additiomn have been much
preoccupied with the "Normality Concept" of a forest in a state of
perpetual equilibrium.

Seccondly, they are rooted in the traditional practice of forestry:
The normal forest with sustained growth, increment and yield, con-
forming with yield table standards, is still the prevailing percep-
tion of a sustained forest, ignoring the fact that forests and
forested landscapes are far from anything near stability and equilibrium,
that the sc-called "normality" is an ephemeral exceptional state, and that
forests are largely indeterministic, highly dynamic and unfortunately
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unpredictable ecosystems under varied stresses.

Thirdly, there are the new threats: forested land is subject
to pollution and destructive use and misuse, as a result to climatic,
edaphic and biotic changes to which the forest trees and the forest
ecosystems are not adapted and cannct adapt, making eventual catastrophic
collapse inevitable, unless the man-made strains cease.

What needs to be done to cope with the problems?

Firstly, to stop drastically, rapidly and effectively the further
destruction of resources, medis and life support systems by curbing
deforestation in the tropics and environmental pollution and degradation
anywhere.

Secondly, to develop a better understanding of the natural dynamics
of forest ecosystems and their reaction and performance under stress
in a variable and changing environment, which does not mean necessarily
more, but definitely better research.

Thirdly, to develop forests which are better adjusted, have better
self-regulating capability and which can serve man better than many
of our present forests, once pollution has stopped and its after-effects
have been overcome.

Therefore, the aims of this workshep shoutd be:

- to clarify among ourselves the meaning of succession and forest
dynamics in their many facets;

- to discuss the ecological significance and management implications
of forest dynamics, diversity in time and space, and biological
self-regulation;

- to identify research need, and objectives at the various levels of
- population dynamics
- ecosystem dynamics
and to discuss possible ways and means to achieve them;

- to establish a working group to work out a concept of a programme
to guide and cocrdinate research activities in the field of forest
dynamic studies in Western and Ceniral Europe and to maintain contacts
with other research groups elsewhere and in other fields;

- generally, to revitalize research into forest dyramics in Europe.
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FOREST SUCCESSION: THEDRETICAL CONCEPTS

J. Jenik

Institute of Botany, Gzechoslovak Academy of Sciences. Trebof, Gzechoslovakia

Summary

Itself a living entity, the forest implies intrinsic changes and
adaptive processes extended in time. Taken as either "the fourth
dimension" or "an essential factor", time involves sequence, duration
and direction. Within the multitude of scientific approaches, foresters
and ecologists views prevailingly refer to the medium section of the
respective time and space scales. Clements constituent processes still
preserve their valuable message. Differentiation between endogenous
and succession is seldom possible dus to the combination of driving
forces. Adoption of facilitation, tolerance and inhibition models
can assist in the analysis of the integrated events. Population ecclogy
giucidates the small-scale spatio-temporal changes, while plant, sociology
remains a basic tool in explanation and prediction of regional processes.

Keywords: Succession, dimension, driving force, classification.

Introduction

Both in forestry and ecology, definitions of even fundamental terms
vary a great deal. This also refers to the two terms appearing in the
title of this paper: forest and succession. Forest - conceived as {1}
merely a stand of trees, or (2) a mixed biotic community,or (3) an
ecosystem including physical factors of the habitat - is a living spatio-
temporal entity, a living system par excellance.

Life, gererally, implies intrinsic changes, such as birth, growth,
life~-form, development, life-cycle, death, evolution, life strategy
and extinction. Natality and mortality are strictly determined by the
gene pool of individual species and play a primary role in the success
of the pertinent organism. Growth forms and life cycles decide the
participation of forest species in the entire organisational pattern
of the ecosystem. Obvicusly, the most complex tropical coral reefs
cannot match a mature temperate or tropical forest in their structural
diversity and functional complexity.

Life also implies sdaptive reactions toward environmental changes,
for example, diurnal and seasonal rhythms, or stochastic fluctuations
cf life-supporting resources and life disturbing factors. Only a minor
part of the adaptive features is reflected in the morpholegical consti-
tution of forest biota, while the much grezter part is fixed at the
level of biochemical processes within the cells, tissues and organs.

Perception of time

All changes and adaptations of forest biota occur in various space
and time scales, acquire different spatial and temporal dimensions.
This variety is reflected in many "organisational levels", e.g., in
the molecular, cellular, organismic, populaticn, community, ecosystem



or geosystem level. Investigations into these organisational levels
are covered by numerous branches of science, while forestry concentrates
merely on the middle part of the pertinent time and space scales (see
Fig. 1.).

An essential part of the intrinsic changes and adaptations within
the forest is usually called “forest succession". Time is the pre-
dominant feature of succession and its various aspects must be taken
into account. Foresters idea of time quite naturally implies three
fairly distinct concepts: sequence, duration and direction. All foresters
know that leaf fall follows flushing, decay follows growth, mature
trees follow seedlings, spring follows winter, etc., and that they
all "take their time". Sequence and duration entail directionality;
even common sense assumes that the "arrow of time" has a direction.
The film of life is never played backwards" (Kalmus, 1971).
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Fig. 1. Delimitation of time and space scales in natural sciences
and forestry science.

Sequence, duration and direction of time have enabled a simple division
to be made of the most important phenomena in forest dynamics. Aeccording
to actual "progress" of change, and relevant successive, cyclic and/or
fluctuation characters, several basic types of changes may be distin-
guished. Also the source of change, either exogencus or endegenous,
can determine our classification. Duration of the stages, changes or
cycles is another criterion that may be useful in basic classification
of forest dynamics. In Fig. 2 classification of dynamic phenomenz has
been expressed both in iconic and mathematical way.

Perception of forest alterations beleng to the common experience
of - inbabitants of primeval forests. Utilization of the forest plants,
sails and amimals necessarilly required destruction of a certain part
of the forest, and induced its restoration and regeneration. The Mayan



civilization rested upen the milpa system, a kind of agro-silviculture
whose "successional phenomena" were incorparated in the whole management
(Alcorn, 1984). Similar knowlege of forest succession is well anchored
in the 1life of other tropical nations performing various kinds of
shifting cultivation. Native people usually distinguish between forest
biota related to regrowth of natural clearings or man-induced gaps,

and biota belonging to the mature forest.

Search for unifying concept

A scientific approach towards forest dynamics developed only in
the second half of the 19th century, and in the first decades of our
century. Interest in the development and evolution was inspired by
Darwin's "Origin of species ..." (first published in 1859) whose infliu-
ence can be traced in all natural sciences. One of Darwin's chapters
is called "On the geological succession of organic beings” and deals
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with general rules of appearence and disappearance of species within

a geological time scale. The rigidity of netural phenomena was shattered,
and scientists started searching for changes and their causes. Develop-
mental aspects can be seen in the early monographs and textbooks of
plant geography and ecology, e.g., in the works of M. Kermer, A. Grise-
bach, R. Hult snd E. Warming. Towards the end of the 1%th century,
organic deposits found in peat bogs were used to define developmental
stages of European vegetation. In the same pericd, silviculture and
farest management achieved a notable progress reflected in the early
textbooks by A. Cieslar, H. Mayr, K. Gayer and G.F. Morozov. These

books treat in detail the processes and methods of stand regeneration,
and contain a number of observations related to forest succession.
Morozov, for example, clearly distinguished between the feorest "pioneer
species" (birch, alder, sallow) and forest "edificatory species" (spruce,
oak, etc.). In his summarizing work "Utshenye o lese" (German edition
only in 1928 Morozov discussed many details referring toc internal
driving forces of what he called "replacement of forest species'.

The term "succession" definitely anchored in the ecological terminology
only after the publication of two monographs compiled by F.E. Clements
(1916, 1928) Clements idea that the mechanism producing succession
was composed of six essential processes was accepted by numerous workers
all over the world, the foresters included. His spproach was so pervaded
by orderliness and laced with biological intuition that it has remained
represented, in essence, in basic papers analysing the present state
of succession theory {MacMahon, 1980). The above mentioned six constituent
processes of succession were called nudaticn, migration, ecesis, reaction,
competition, and stabilizastion. The first four processes make the
so-called initiation phase while competition represents the continuation
phase, and stabilization equals the termination phase. With regard
to our Fig. 1, the influence of Clements theory has covered mainly
the regional and choric space scales, with minor influerce on the
detailed topic examinations. The climax theory, developed within the
vast stretches of the North American continent, originally necessarilly
neglected small-scale patterns encountered in detailed studies of
Central and West European landscape. But the theory was immediately
employed to explain the postglacial development of the broad and extensive
zones in the northern part of Euroasia incorporating rather uniform
lowland areas.

For a long period, the terms "succession" and "climax" functioned
as unifying words in the tangle of scological problems derived from
dvnamics and processes in neture. However, these terms have never
gainad a monopoly in ecolcgy. It may be worth while of mentioning
that the selection of Clements writings (compiled and edited by B.W.
Alfred and E.S. Clements in 1949) was published under the more gensral
title "Dynamics of vegetation". And to jump right into the present
time, H.H. Shugart (1984) preferred a title "A theory of forest dynamics"
leaving the term "succession'" in the subtitle. This notable shift
in the unifying term is alsoc reflected in the name of our workshop,
which enables its participants to treat forest processes and changes
in a much broader way. Though Clements "succession'" was never restricted
to plants, in the minds of plant ecologists and foresters it usually
shrank to developmental processes referring to woody plants and
herbaceous vascular species.
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Halistic approach

If applied tc the whole forest ecosystem, succession must be treated
as a holistic phenomenon covering all structural and functional phenomena,
or as a set of successions referring to various life forms. for example,
forest entomologists have described a well defined succession of flies
invading the carcasses of forest animals; four stages of fly inhabitants
are usually distinguished on a dead body lying on the forest floor.
Complexity of structural and functional changes has brought sbout
separate labelling of individual processes, stressing either structure
or function. For example, the concept of "sylvigenesis", widely used
by R.A.A. Oldeman in tropical furests, refers to morphological processes
by which forest architecture is built, in other words, to the processes
of forest-making corresponding to morphogenesis of individual plants
(Hallé, Dldeman, Tomlinson, 1958}. Though very much marpholegical,
the apprcach of the above authors has proved to be very fruitful and
surprisingly successful even in the period of sophisticated measurements
and mathematical modelling.

In the studies of forest dynamics, foresters and ecolcgists can
fortunately exploit the long-lived, sizable and immobile organisms
called trees. Everyone that has studied soccystems of less bulky and
more mobile organisms, such as spring-heads, lakes, streams, coral
reefs, grasslands or steppes, will appreciate the chence provided
by the tree growth-form and tree-ring anatomy. Of course, tropical
furesters miss the annual rings that reflect the mid-term dyramics
of the temperate forest in a spectacular way. On the other hand, mature
forest requires decades and centuries for its differentiation and
can hardly serve as a suitable experimental object. Therefore, many
theoretical concepts for succession have been developed in short-term
ecosystems such as old fields, river banks or sand dunes. Some of
the comparisors have provided new insights into the obscurity of forest
dynamics, but most of them can be even misleading.

Odum (1971} dared to compare the development of energetics in a
forest described by Kira and Shidei and a labcratory microcosm studies
by Cooke. This comparison (Fig. 3) shows certain general trends in
production, respiration and biomass accumulation during both the forest
succession and microcosm development. However, in greater detail,
specific phenomena coupled with the forest composition will necessarily
prevail. This car be clearly shown in Fig. 4 redrawing the results of
opservations from an oak-pine forest at Brookhaven National taboratory,
U.S5.A., where succession had to be divided into the herb, shrub and
tree stages that were clearly reflected in the production, biomass
and species diversity. If all living components including micre-
organisms and vagile consumers had been taken into consideration,
the medels of energy and information flows would have been still mare
complicated and would have been difficult to interpret adequately,

Driving forces

For many years, foresters and ecologists have been interested in
the forces driving the gradual exchange of biota and causing the gradual
alteration of physiczl features of the habitat. Two categories of
forest dynamics are frequently distinguished under a number of parallel
terms: (1)} Endodynamic, autogenic or endocgenous succession is supposed
to be driven either by antagonistic or mutually positive relationships
between biota occupying the site; within the forest community the
biological role of dominant herbs, shrubs and trees is particularly
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Fig. 3. Comparison of the energetics in ecosystem development of a
forest and a laboratory microcosm {after E.P. Odum, 1971); P.- gross
production, P, - net production, R - total community respiraticn,

B - total biomass.

Fig. 4. Productivity (A}, diversity of forest plant species (B}, diversity
of exotic species (L) and biomass (D) in the oak-pine forest Pinus

rigida, Quercus ilicifolia, Q. coccinea, Q. alba at Brookhaven National
Laboratory, Long Island, U.S.A. (after B. Holt and G.M. Woodwall sec.
Whittaker, 1979).

appreciated. {2) Exodynamic, sllogenic or exogenous succession is governed
primarily by changes in external physical features of the habitat
and effects of physical stressors of the environment.

In a detailed view and practical forest research, these two categories
of succession could never be clearly separated, though the idea of
complementary "biotic" and "abiotic" factors has been accepted as
a comfortable approach. Some ecologists, e.g. Moravec (1963}, have
suggested that the term "succession" should be reserved to its very
original meaning for the endogenous biotic processes anly. The same
author has proposed that zll the other kinds of vegetation dynamics
should be called "adaptive changes". Again, this proposal cannot be
easily accepted in practical research of forest dynamics where various
biotic and abiotic processes interlace. Obviously, any simplification
of ecological phenomena produces difficulties in.the incorporation
of new details recognized within the integrated research of forest
ecosystems. Recent models of driving mechanisms producing changes
in ecosystems sre becoming increasingly sophisticated and tend to
distinguish between the driving and disturbing forces, and between
mass-energy flows and information flows. Fig. 5 presents one of these
iconic models.

Some of the models covering forest succession tend to emphasize
the mass-energy budget,an approach greatly enhanced by the influerce
of E.P. Odum and H.T. Odum, and supported by the International Biological

T2



Programme and Unesco/MAB projects. The classical studies of birth-death
pattern in the course of regeneration and rejuvenation in woodlands

to revive in contemporary population studies covering not only vascular
plants and vertebrates, but also less known and inconspicuous life
forms, such as soil micro-organisms, fungi, insects and other invert-
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Fig 5. Medel of mechanisms producing the change of an ecosystem;

S, are states of the ecosystem at any instant; full line arrows
sﬁow mags-energy flows, dashed arrows show 1nf0rmat10n flows. Letters
next to control gates replace dotted lines from that point to the
control for the sake of graphic simplicity (adapted from MacMahon, 1980).

ebrates. The taxcnomic approach towards forest dynamics is far from

being overcome and cbsolete. The species, as the best carriers of genetic
information, still remain the best and straightforward indicators of
forest dynamics, and their qualitative message can be easily translated
into a quantitative record. Using the species composition, some models

of forest succession have managed to predict successive replacement

of species and the respective periocds of their presence in areas affected
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by dominant physical factors. Fire as an important factor of this category,
has brought several foresters to the elaboration of useful models that
enable to predict both floristic and population changes in stands

affected by fire. Fig. 6 is redrawn from Kessel and Potter (1980)

and represents one of these floristically based mcdels.
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Fig. 6. Postfire succession model for Lewis and Clark National Forest,
Montana, U.5.A. Transitions in the absence of further disturbance

are determined by stand ages (years) shown on the solid arrows;
transitions due to further disturbance are a function of stand age
and fire scorch height; the critical scoreb height values {A ... E)
vary between 1.8 to 13.7 m and are given by the authors in a separate
takle. Also the spscies composition of each of the 13 successional
states is defined for various habitat types in accompanying tables.
After Kessel and Potter (1%80).

Gonceptual models

In order to explain the details of forest dynamics, some authors
have diverted from Clements model of driving forces and have suggested
a new approach. Connel and Slatyer {1977) explaim the sequence of
species in vegetation dynamics by three ways: (1) Facilitation model
is a kind of dynamics based on "early succession" species and successive
modification of the environment that is necesaary for the following
"late succession" populations. (2) Tolerance model explains the dynamics
by parallel occurrence of set of species whose composition does not
relies on preparatory work of the "early succession" species. (3)
Inhibition model represents a case in which the site is accupied by
certain early invaders that have retained their place and check the
penetration of new invaders until their own individual decline or
damage. In a chapter called "Competition versus facilitations" Shugart
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{1984) reduced the number of the above mentioned medels to two more
or less opposing concepts. The forest reality strongly supports this
reduction.

The present ecological literature seems to be divided into two main
streams with regard to the ecosystem structure and succession theories.
One of these streams emphasizes a heolistic approach to biotic communities
and ecosytems. The other stream stresses the individualistic population
approach relying on detailed observations of life-forms, iife-cycles
and life strategies of individual components. In Europe, due to the
influence of traditional plant sociology, the holistic approach seems

_to be more represented than in countries following the heritage of
Clements in North America, and particularly in Great Britain remaining
under the influence of J.L. Harper. Many compartmental models of forest
succession, worked out by plant sociologists, leave aside that plant
communities represent only & fraction of the ecosystem totality and

thus are unsufficient for the prediction of the diverse large-scale
phenomena and processes in which contemporary forestry seems to be
involved. A fully integrated ecosystem apprcach still seems to be

far from materialisation. We must, therefore, accept the methods stressing
the role of individual populations of trees or other dominant organisms,
as developed by Drury and Nisbet {1973), Glenn-Lewin (1980), etc.

As shown by Shugart (1984), some computer models can simultaneously
consider the role of individual trees within the context of the whole
ecosystem.

Though more pragmatic in their views, foresters in Eurcpe have
developed many pioneer notions and sophisticated theories related
to the forest dynamics and forest management. On the other hand,

European ecologists have kept informing the foresters on the broader
context of ecosystem research. Both branches of research have become
- ccmplementary and will remain so, hopefully, in the future. Also,
the experience with either temperate or tropical forest dynamics has
reinforced each other and has rapidly expanded the common pocl of
useful information. The unidirecticnal stream of information from
the temperate countries towards the Tropics has changed into mutual
exchange of information and experience among foresters all over the
world.
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METHODS OF FOREST DYNAMICS RESEARCH

H. Hytteborn

Institute of Ecological Botany, University of Uppsala, Uppsala, Sweden

Summary

Forest dynamics research can be performed on different levels of
complexity (population, community, ecosystem}. A method cannot be
designed to be sppropriate on all levels. Examples cof different methods
of forest dynamics research are described and elucidated on case studies.
Methods investigating man's past interactions with forest ecosystems are
also included. It is an advantage when several levels of complexity are
investigated in field studies and, consequently, more than one method is
used.

Keywords: Methods, forest dynamics, written evidence, vegetation maps,
air photographs, dendrochronoclogy, demography.

Introduction e

A forest is an ecosystem, with its characteristic organisms, soil
praoperties and its own climate. The importance of the different organisms
cannot be judged directly from the quantity in which they ocecur, or from
their different sizes. Probably different organisms - ranging from scil
micro-organisms up to the tallest trees - are of different importance
during different successional stages. However, forest ecologists commonly
concentrate on the trees. This bias is understandable from several points
of view. Trees are long-lived. According to Harper and White (1974), tree
individuals have been estimated to ages over 5000 years, though ages over
1000 years are exceptional. Even if there is evidence that grass species,
herbs and vascular cryptograms can reach considerable ages {(Oinonen, 1967;
Tamm, 1972 a, b; Harper and White, 1974; Callaghan and Emanuelsson, 1985),
trees are generally the oldest.

Ecologists focus on trees is also reasonable from the point of view
that during their whole lifespan the trees change their roles in an
ecosystem more than the field-layer species. A tree starts as a small
shoot in the field-laver among thousands of ather life-forms and grouws
into a large tree dominating the community. Even if field-layer species
also reach considerable ages, few of them exert such an influence as the
trees on the whole ecosystem. lLastly, in boreal, borec-nemoral and nemoral
{temperate deciducus) regions the annual growth of trees is distinguish-
able in the wood as annual rings or through budscars. In many herbs there
are also possibilities to make age-determinations by counting annual
parts of rhizomes or other parts {Persson, 1975; Callaghan, 1980; Backeus,
1985). However, dead material often disappears if it is not preserved in
anaercbic environment, e.g. peat, which makes it impossible for scientists
to use field layer species in retrospective investigations. Forest trees
are a storehouse of information about their history, and the history of
the ecosystem to which they belong.

torest dynamic research can be performed on different levels of com-
plexity - the population level, the community level or the ecosystem
level - and the methods used can be groupsd according to this division.
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Other possihle categories are a) historical methods including written
sources, old maps and other historical material, b) retrospesctive methods
including dendrochronclogy, pollen analyses, comparisons between vegeta-
tion maps and different kinds of photographs, ¢) prospective methods
{simulations), d) dynamic methods, e) static methods and f) experimental
methods. However, not all methods can be categorized simply. In this
paper 1 have made a practical division based on the particular case-
studies I have chosen to discuss. (Several further methods are not
discussed e.g., analysis of micro- and macrofossils, architectural
analysis (Hallé et al., 1978) and simulation modelling (see Prentice,
this volume}).

Different research methods should preferably be used together. Ecosystem
dynamics may depend not only upon the present state but also on "the
memory" of the ecosystem (Van Hulst, 1980) as a result of, e.q., earlier
disturbances, seed banks, age distributions, land use, etc. Methods
investigating man's past interactions with the ecosystem are therefore
included in this review. The main "disturbances" in Scandinavian forests
have been tree-felling storms {Sernander, 1936), farest fires (Zackrisson,
1977}, attacks by insects (Tenow, 1972) and changes in land-use by man.
Nowadays forest fires are controlled and, instead, man's use of the
forest has changed and will increasingly change the forested landscape
to even-aged stands which are partly fertilized and where the natural
processes are strongly controlled. Grazing by moose (Alces alces)
(Bergstrom, 1981) has also increased during recent decades. The changed
chemistry of the atmosphere and precipitation are other new factors.
Forest dynamics, in a naturally and artifically changing environment,
are highly complex and need to be studied with a wide range of
techniques.

Discussion of methods
Written evidence

In his valuable book, Ancient Wocdland, Rackham (1980} mentions
place-names as "the earliest useful documentation" but also stresses
that "their interpretation involves many pitfalls".

Important sources are different kinds of maps with attendant descrip-
tions. In Sweden, maps are available from the early seventeenth century
and onwards. The maps were prepared for several reascns, e.d. to assess

.taxes, to partition land in different ways or to solve disputes about

boundaries. Fig. l. shows an example of a map from Vardsidtra nature
reserve, a deciduous forest which has been wholly protected since 1212.
Different parts of this forest have been used either as a hay-meadow,
as arable fields, or as a woodlsnd pasture. A superficial analysis of
the forest cannct assess the different land-uses in the same way as
e closer analysis. The former arable fields are now part of the forest
and birch trees are more common here. Unexpectedly few trees have
grown up on the abandoned fields. Instead, hazél shrubs are common.
The descriptions on the map or associated with the map frequently
include notes on the vegetation, especially about trees and shrubg.
Other examples of maps from relatively small areas, only a few km~,
are given for instance by Ryberq (1971), Larsson (1971) and Haesggstrém
{1983).

Other documentary studies have shown changes cver larger areas.
Malmstrom (1938) used material from different archives and was able
to show forest changes from about 1650 up to 1920 in four different
maps of Halland (area ca. 4700 km 2} in Southern Sweden.
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Fig. 1. Landuse maps of Vardsétra nature reserve from different times.
The resesrve was established in 1912. The area of the reserve is shouwn

on the last map. The main area was probably a wooded pasture, the last
grazing being in 1912,
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Comparison between photographs from different time periods

Several publications have demconstrated how to analyse old pictures
taken for other reasons than vegetation studies in compariscns with
new photographs taksn from exactly the same place.

Pettersson {1958) used this technique to show changes in the tree
and shrub populations from several different localities on the island
of Gotland. Kullman {(1982) discussed the tree limit on a mountain and
used photographs from 1919 to compare them with the situation today.
This comparison clearly shows an increase in the number of trees above
the former forest limit and up to the top of the mountain. Waldemarson
Jensén {(1979) used old photographs from 1899 and 1922 in ewvaluating
successions in a delta arsa in North Sweden, including changes in shrub
and tree communities. She was able to show both progressive and retro-
gressive successicons.

Hastings and Turner (1966) used photegraphs from the end of the last
century which showed changes in an arid and a semiarid region in the
United States. They were able to count the numbers of individuals on
same of the old photographs and, while comparing them with actual
figures, they could estimate the reduction in numbers. In some instances
they made a prognosis of further development.

To comment on the changes in Vardsitra nature reserve, Sidrs (1964)
used photographs from two different occasions. This area was grazed
up to 1912 and had the structure of an open deciduous woodland at that
time. Ten years later the number of shcots in the hazel stools had
increased considerably. Nowadays the hazels have decreased depending
on the dense tres cover (Hytteborn, unpublished data).

Vegetation maps and air-photographs

Vegetation dynamics can be studied by remapping. In this situaticn
air-photographs are a good help. This is prabably more obvious in
studying primary successions than secondary ones. If already the first
map was made with the aim of studying vegetation dynamics, the precision
may be fairly high. Otherwise there are limited possibilities to make
a good comparison.

Table 1. Number of species in the field layer in 1904 and 1976-78 in

three different plots on Skabbholen, Sweden. Plet T (see map fram 1904)
was an open meadow in 1904, but overgrown by trees in 1976-78. The figures
from a nesrby place, still open, are given in parentheses; In 1904 plot

IV was a meadow with Sesleria coerulia, in 1977 it was covered by trees,
mainly alder. At bolh cccasions plet ¥ was an ash stand.

PLOT T PLOT TV PLOT ¥
Number in 1304 44 34 37
Number in 1976-78 18 (51) L3l 30
Commen both years 1 (14} 6 23
Disappeared since 1904 43 (30) 28 14
New in 1976-78 17 (37} 25 7

Fig. 2. shows two maps of an island in the Baltic, mapped and
remapped with an interval of 80 years. The first map is rather sketchy.
The second map was made by crossing the area on foobt at regulsr distances
and noting each time when a border between selected types was passed.

On the reproduced map the number of types has been reduced in order
to coincide with the map from 1904. In addition to this field investi-
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Legentis from Hesselman (1504):
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Fig. 2. Vegetation maps of Skabbholmen, an island in the Raltic. The
first map from Hesselman {1504} is rather sketchy. The second is
based on field investigations.

largely
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gation, air phctographs from 1939 and onwards were also used. It was
difficult to distinguish the different deciduous forest types in black
and white air photcgraphs.

Only a few open areas above the shaore are left. These are dry places,
mostly on sand, with thick grass cover. The hay-meadows with scattered
trees have changed to either Fraxinus excelsior, Alnus glutinosa or
mixed deciduous stands, depending on the groundwater conditions. Most
of the Juniperus communis stands are now avergrewn by spruce. The wet
meadows with Sesleria coerulia have completely disappeared. Stands of
spruce and ash are the most stable types. Table 1 gives some figures
for changes in the field-layer in three plots recorded in 1904 and
localized with high precision again in 1976-78. The time interval
between the two recordings is obvicusly so long that it is difficult
to draw general conclusiocns. In plots I and IV several different stages
may have passed. These plots have changed considerably but the ash stands
have remained fairly stable.

In a study of a dune system Van Dorp et al. (1985) used air-photographs
from three periods and vegetation maps from two periods. From these,
they reconstructed five vegetation maps on a uniform scale. They placed
a grid system over these maps, calculated transition frequencies between
the chosen vegetation types, and arrived at conclusions about the
directions of the successions.

Dendrochronolopy

The history of a tree is partly inscribed in its annual rings. If the
number of annual rings at the base of a tree are carefully counted, the
germination year can be determined rather precisely (Zackrisson, 1978;
Cramer, 1%85; Van der Maarel et al., 1985a). Henry and Swan (1974)
reconstructed the develcpment of a forest stand from 1665 to 1967 in New
Hampshire, using dead material such as fallen logs and stumps as well as
core datings from living trees. Zackrisson (1977) used both dead and
living trees to cross-data the fire-secars and established the former
mean interval between farest-fires in a contirmental area in northern
Swedens to ca. B0 years. These rather frequent fires have a decisive
effect on the vegetation types which, according to Zackrisson, cannot
be regarded as edaphic climax stages.

Measurements of the annual rings of all trees in an area over a longer
period can show the development in a quantitative way. Whittaker and
Woodwell (1969) combined such measurements with dimension analysis and
were able to reconstruct the change in biomass of each species over
a fifty-year period after a fire. The shrubs had a peak about 10-20
years after the fire after which the tree species took over.

Sernander (1936) showed that storm-gaps have an important rcle in
the regeneration of forests. He estimated that the frequency of tree-
felling storms in each forest stand in the county of Uppland was at
least 5 per century. In gaps, Sernander showed that the regeneration
could both occur from dwarf-trees - old bubt small individuals with a
retarded growth in height and with very narrow annual rings - and from
seedlings (see also Hytteborn and Packham, 1985). Sernander set up the
hypothesis that the primaeval forest, Fiby Urskog, was severely damaged
by a storm in 1795. Others were of the opinion that the forest had been
a wooded pasture in the eighteenth century (Hesselman, 1935). The storm
has been clearly documented in many forestry reports and also in paintings
{cf. Rackham, 1980, p. 15). Timber from trees felled by the storm was
used in building houses. Sernander showed that old trees had had a dwarf-
tree stage with very narrow annual rings inscribed ip the centre, and
with g growth increase after 1795. Fig. 3. gives one example, where the
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increase in radial growth after 1795 is distinct.

3
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Fig. 3. Increment core of a mature Norway Spruce (Picea abies). The
tree was over 210 years old, 28 m tall and had a ciameter at breast
height {1.2 m) of 38 cm. Note the marked increase in radial increment
values immediately after 1795, the year of the great storm.

Hytteborn =t al. (manuscript) give an example where the age distribu-
tion of &l1 individuals is used in a dynamic study. The age distribution
of a nearby area in the sub-alpine birch region with a few scattered
Picea abies shows a remarkable pattern with many individuals below 20
yeers {(Fig. 4a.). A few of the older birch trees show a significantly
reduced growth in 1965-1%947 {see Fig. 4b.}. No such resduced growth is
found in the radial increment of spruces in the same plot. According
to information in Tenow {1972), the start of an outbreak of Oporinia
autumnata was observed in 1964. The larvae killed most of the birch

trees. Only a few of the attacked trees survived but with reducéd growth

during the years of the cutbreak. The regeneration of birches started
after the attack.
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Fig. 4a. {1sft). Age class distribution from a 20x20 m plot in the
subalpine birch forest near Kvikkjokk (unpublished data from Verwijst
and Hytteborn).

Fig. 4b. (right). The mean radial increment in five birches and in twao
spruces. Note the reduced growth in 1965-1267 in the birch trees.

Static and dynamic appreach; multivariate methods

Te judge successional directions from recordings of different plots
at one time is a common method, perhaps more common than a dynamic
approach. Several authors have emphasized the difficulties with such
a static approach, e.g. Austin (1977, 1981). There is an uncertsinty
whether the plots really represent the change with time because cf
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heterogeneity in space, both biotic and abiotiec. Van der Maarel et al.
{1985b.) demonstrated a considerable mulbiple pathway bebtween 1959 and
1980 for a dune system. Also Fig. 2. shows different successions from
a common origin.

On a seashore with & steady shore displacement, there is great
probability that the different zones upwards in a smooth topographical
gradient also present the different stages in a primary succession. The
vegetation change here is accompanied by a change in the abiotic
environment, with decreasing ground water level and increasing content
of organic matter in the soil. Fig. 5. is an example in which both the
static and the dynamic methods have been used and these combined
approaches are represented in an ordination (Hytteborn end Cramer, 1585).
Twenty adjacent plots (1-20 in Fig. 5.) situated from the shoreline
up to the forest were recorded. The samples in the ordination diagram
are distributed along axis 1. The plots were recorded on two occasions
with a six-year interval and the arrows in the diagram mark the change.
The floristic composition in the lower guadrats has changed in the
direction of the main successional sequence. In contrast, the upper
quadrats have changed in another direction, probably due to a high water
with erosion as a consequence. The method, detrended canonical corre-
spondence analysis (DCCA) (Ter Brask, 1985), also gives the position
of species in the diagram and the direction of the environmentsl gradients.
Flevation has nearly, but not exactly, the same direction as the general
gradient of floristic change.

3rd axis
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2y -Agro stal W
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~1riqg mari ’/’ﬂ
q mari 1‘ ? 7 9 ujdne gora LTili ulea
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»Scir tube Rubu cnes

- Phra comm
Fig. 5. Ordination biplet from DCCA showing the position of 20 vegeta-
tion samples. The same plots were recorded six years later and the
floristic change is shown by arrows. The biplot alsc gives the posi-
tion of a few major species and directions of ernvironmental variables.

Demography, age-staie and size distribution

- During an individual's development from a seedling to a mature tree
the requirement changes. Grubb (1977) emphasized the importance of the
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regeneration niche and this concept was widened by Cramer (1985) to the
establishment niche, then including species with predominantly vegetative
propagation. When regarding dynamics in forests as changes of numbers of
individuals and changes in the share occupied by each species in the
total population, it is necessary to investigate all stages in the
development.

The chronological age is often considered ss an important characteristic
and is used in demographic studies. However, for many species it is not
possible to age-determine individuals and for others the stages in the
development are not simply correlated with age. Another possibility is
then to use the concept "age state" (Rabotrov, 1969; Gatsuk et al., 1980},
implying that different morphologically distinguished phases are used
irrespective of age. In the example given below I have used different
height-classes instead of age states, Height is one of the criteria
given by Zaugolnova (in: Gatsuk st al., 1980) in distinguishing the
different age states in Fraxinus excelsiar.

The survivorship for cchorts of Ulmus glabra and Fraxinus excelsior
show about the same shape. The seedlings have a rather high mortality
during the first years (the four lowest curves, Fig. 6.). The curves are
drawn from observations in permanent plots from 1978 and onwards in the
dense deciduous forest at Vards@rta nature reserve. In 1978 all shoots of
the two species below 0.5 m were age-determined. This was only possible
up to five years of age. The survivorship of shoots over five years
of age gives a straight line in both species (the twe uppermost curves),
indicating constant mortality. No differences can be seen between the
two species. In both species, shoots in this height-class can reach
considerable ages, between 50-100 years, and most of the shoots from
1978 were at least older than the five years and are thus now (1985)
older than thirteen years.

A survey in plots reqularly distributed over the forest show that ash
is more common than the other species in the lower height-clesses (Table
Z.). Ulmus is represented by many individuals in the lowest height-class.

Table 2. The number of shoots per ha in different height classes in
Vardsitra nature reserve, Sweden.

< 0.5m 0.5-1.3m 1.3~ ca 4m > ca 4m
Acer platancides 5000 240 54 14,3
Betula verrucosa G 0 0 34
Fraxinus excelsior 28000 2000 860 247
Populus tremula 160 60 12 0
Prunus padus 1100 240 580 65
fluercus robur 0 0 0 4
Sorbus aucuparia 0 4 29 56
Ulmus glabra 34000 770 £96 374

Combining these facts with the dynamic survivership curves for sesedlings
and small saplings with no differences between Fraxinus and Ulmus the
hypothesis that ash should be the dominant in the future could be put
forward.

Since the tree layer was investigated in 1912 and on several later
occasions, it is possible to check whether this hypothesis is correct.
Fig. 7. shows numbers and basal areas of the most common tree species
in a 20x110m profile in the forest on four different occasicns. Even
if the number and the basal area of ash increased from the grazed
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situation in 1912, it is obvicus that elm will be the dominant tree
species in the future in spite of a much lower number in the field layer.
Conclusions from size distributions alone must be very cautious and
preferably supported by evidence obtained from other methods. The light
requirement for Fraxinus excelsior in what Zaugolnova called “immature
state", increases sharply {Zaugoinova, in Gatsuk et al., 1980}. In s
dense environment it gives a higher mortality of ash in the high shrub
layer and alsc in the low tree layer than in elm.

Table 3. Some characteristics of small individuals <0.5 m of Fraxinus
excelsior and Ulmus glabra in a dense stand. The length measurements

are from a larger sample than the rest.

Current shoots Leaves per plant
length (mm) weight (g} number weight (qg)
1577
Fraxinus excelsior 8.7 + 1.3 0.058 + 0,018 4.12 + 0.52 1i.44 + 0.29
Ulmus glabra 16.8 + 1.2 (£.073 + 0.018 9.52 + 1.53 0.77 + 0.18

100 —-

1978 -80 -B2 -B4

Fig. &. Survivorship curves for cohorts of Fraxinus excelsicr (Lriangle)
and Ulmus glabra (square), Vardsdtra nature reserve,
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Fig. 7. Changes in numbers and basal areas Trom 1912 to 1985 in a profile
{ca 116 x 20m) in Vardsdtra nature reserve.

There are also differences in the growth characteristics between the
two species below the dense crown cover (see Table 3). Both species
allocate most of their production tc the leaves but elm has shout twice
as long annual shoots as ash. In the leng run the elm will overshade
the ash.

Experiments

Many questions do not appear answerable on the basis of observations
alone. Difficulties arise, for instance, in separating the effect of
different factors on a vegetaticn types or on a population. In Harper's
textbock from 1977 many examples are given on experiments on a population
level. Austin (1981}, discussing vegetation dynamics, alsc mentions the
necessity of experiments. He especially asks for numerous treatment
levels instead of a more traditional experiment with few treatment levels
and many replicates. Many different types of experiments can be made,
from simple enclosures preventing access by grazing animals to perturba-
tions of the environment or the plant community.

A simple disturbance experiment on a weit meadow made by J. Skoglund
(unpublished) can illustrate some points. He killed the vegetation in
plots and looked for seedlings and their survivorship in control plots
and in the experimental plets. When he destroyed the vegetation,
unintenticnally, the microtopography was destroyed. In the control plots
the germinaticn and the survivorship was correlated with the microtop-
ography (Fig. 8.). The highest germination of Salix spp. occurred on
an intermediate level, but the survivorship was best on the highest
level. In that particular year the intermediate level had a suitable
s0il moisture during the germination period, but during other periods
that level was toc wet for seedlings. The destroyed plots were thought
to have a higher germination than the controls because of the absent
competition, Instead, they had a lower germination because of the
excessively wet condition as the microtopography was lacking. The
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unpublished).

survivorship was also lower than in the control.

This experiment illustrates that there may be difficulties in inter-
polating results from experiments when not all acting facters are
controlled. It does not mean that experiments should be avoided, only
that the interpretation should be done with cere and that the experiments
should be performed cn followed for more than one year in order to
diminish the effect of the weather in an extreme year (cf. Austin, 1981)}.

Gonclusions

Dynamics in forests are not simple unidirectoral changes but different
pathways are possible from a cowmon origin, both in primary successions
and within an established forest. The research design must take this
diversity into consideraticn and conclusions from a few observations
must be restricted. Dynamics depend both upon past conditiens and upon
present circumstances. A study should therefore include an investigatien
both of historical factors and of factors actually exerting influence
at present,

Dynamics occur on several different levels and no level can be regarded
as more important than the others, A method cannol be designed to be
appropriste on gll levels. It is an advantage if several levels in a

process are investigated and, conseguently, that more than one method
is used.
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SCME CONCEPTS AND OBJECTIVES OF FOREST DYNAMICS RESEARCH

I.C. Prentice

Institute of Ecological Botany, University of Uppsala, Uppsala, Sweden

Summary

Forest dynamic theories can acquire predictive power through simulation
modelling and sensitivity experiments. A theorie based on simplified tree
physiclogy, life history and interaction processes is implicit in farest
gimulation models of the JABOWA type (gap models). Theories and models
implying different simplifications may be appropriate to different hierar-
chical levels of organization, e.g., landscapes, forests, and trees.

Different types of observaticnal data on ferest dynamics have widely
differing spatial and temporal scale characteristics. Phenomena observed
an different scales may provide test data for different types of thecries
and models incorporating different approximations. Endogenous processes
may dominate stand dynamics over tens to hundreds of years, while exogencus
climate change effects may dominate changes in geographic patterns of
forests over thousands of years.

Keywords: Gap models, hierarchy, scale, palynology, CUZ'
Introduction

Forests area major component of the biosphere and their dynamics are
central to the dynamics af the biosphere and its chemical components. An
understanding of the precesses involved in the dynamics of forests at
several space and time scales is essential for the prediction of changes
in forest ecosystem and biosphere characteristiecs in response to a region-
ally and globally changing physical environment.

A principal theme of {his paper is that although forest dynamics has
no single unifying theory, the development of predictive theories appro-
priate to particular space and time scales and levels of organization is
necessary - for both basic and applied problems - and feasible. The
paper is in five secticons. The first is a general commentary on the objec-
tives of a dynamical theory. The following three sections deal with
general ideas from hierarchy theory, more specific rationales for simul-
aticn modelling, and the scale characteristics of different types of
observational! dsta. The final section brings together these various topics
in the context of real-world climate change frequencies and forest res-
ponse rates, and recommends some possible directions for research.

What are we trying to predict? .
As an illustration, consider the problem of predicting changes in stand

composition and structure over time scales of decades to centuries - i.e.

forest dynamics on the space and time scales most commonly considered

as "stand development"” and "succession". The stanpds we are considering

may have been disturbed or managed in various ways. They are not neces-

sarily at equilibrium with the prevailing environmental conditions outside

the forest. .

" The state of each forest stand at a point in time can be represented in
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a multidimensional state space whose axes are state varisbles representing
(for example) the leaf biomass of each species, together with any further
community or ecosystem descriptors that asre necessary for a dynamically
sufficient description of the stand {see e.g. van Hulst 1980). Dynamic
sufficiency means that the positicn of the stand in this state space is
all we need to know in order to predict the direction and rate with which
the stand is moving through the state space. Thus with each point in state
space there is associated a vector, which could be celled a succession
vector, describing how the stand is changing. Where succession vectors
converge, there is a (local) equilibrium or climax state.

In this way the state of a forest system can be pictured as a point in
an n-~dimensional space and the direction and rate of spontanecus change
in the system as a vector of particular orientation and length. These
vectors completely specify the possible behaviours of the system, pro-
vided the parameters or boundary conditions remain constant - in other
words, they specify the possible pathways and rates of endogenous change,
such as might be observed after a variety of different perturbations to
the stand's composition and structure. But if the parameters of the
system change then petentially all of the succession vectors change. The
forest stand can therefore be imaged as a particle moving through a space
whose dynamic structure is constantly changing in response to changes in
the environment.

The utility of this state space/vector field metaphor for ecological
dynamics was discussed by Lewontin (1969), who used it as a framework
for definitions of stability. It is an abstract metaphor which can accom-
modate many of the complexities of real-world ecological systems. For
example, it includes the concept of climax without implying that such a
state is ever maintained for long, or even reached at all; environmental
variation may ensure that the "particle" is always in motion, simply
because the dynamic structure of the space is changing (directionally, or
back and forth} in time. There can be more than one co-existing equili-
brium state for a given set of environmental boundary conditions (Suther-
land, 1974), and a shift in these boundary conditicns may induce either
smooth changes in the position of equiiibrium, or "catastrophic" changes
of the type described by Grimm (1984} and discussed by Ritchie {1986) and
Prentice (1986).

Ideally, we should be able to specify the dimensions of state space
and predict all possible succession vectors under all possible boundary
conditions., Now a sceptic might reasonably object that the amount of
data required to construct succession vectors for any forest system is
more than we could hope to collect; that many of the required combinations
of environmental conditions and forest states may not be observable; and
that the experimentszl manipulations needed to create these combinaticns
would be out of the question, because of the amount of work involved, and
because of the length of time needed to observe change. These objections
ere valid and support Harper's (1982) argument that understandig of com-
~ munity dynamics cannot emerge from observational data alone - nor even
from experiments, if the experimental manipulaticns are carried out on
whole communities. We should focus on developing a mechanistic under-
standing of community function, using information from cbservations or
experiments pertaining to processes within the community. Harper charac-
terized this insight as the most fundamental scientific contribution of
the late A.S. Watt, whaose investigations of how "process" determines
"pattern" provided the necessary conceptual basis for plant community
ecclogy as a predictive science.
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Principles of hierarchy theory applied to forest dynamics

Harper (1982) described Watt's approach as "reductionist", but the
meanings of “holism" and “reductionism" are not quite as clear as in
usually implied. McIntosh (1981} pointed out examples where avowed holists
used apparently reductionist modes of reasoning, and vice versa, Signi-
ficantly, Meclntosh singled ocut forest dynmamic models of the JABOWA class
(Botkin, Janak and Wallis, 1972; Shugart, 1984) as constructs which defied
clasgification as hoiistic or reductionistic. Shugart (1984) noted that
the "special theory”" of forest dynamics implicit in these models has its
origins in Watlt's mosaic-dynamic view of plant communities, and that
this view is consistent with the idea of hierarchy as an arganizing prin-
ciple in the analysis of complex systems.

Hierarchy theory is a dialectical synthesis which shows holism and
reductionism to be complementary rather than opposing modes of scientific
investigation. The idea of hierarchy was popularized in ecology by Allen
and Starr {1982) and explored more deeply in an ecological context by
Allen, C'Neill and Hoekstra (19B4), At its simplest, hierarchy theory
implies that complex systems can only be understood through a conceptual
stratification into "levels of organization'; phenomena observed at one
such level can only be understood in terms of processes operatipg at the
next lower level. The nature of complex systems allows guite complex
phenomena to "emerge"” at a given level through the interactions of com-
ponents observed at the level below. Thus the complex dynamics of forest
composition becomes understandable in terms of the physiological and life
history characteristics of individual trees, arnd their interactions with
one ancther through their effects on and responses to their local environ-
ment. There is po mystery about emergent properties; they are predictable;
but they are not necessarily trivial or chvious. Oliver (1%82) noted that
the inference of stand dynamics from tree physiological characteristics
"has been abused where attempts were made to explain forest development
patterns on the basis of one or twe physiolegical characteristics", but
that models cof the JABOWA type '"take into account a multitude of physio-
logical factars interacting to lead toward various stand develecpment
patterns” (Dliver, 1982, p. 106). According to Allen and Starr {1982),
it is the implicit hierarchical nzture of these models that makes them
vseful in predicting the emergent properties of forests. Hierarchy
theary lets us see the wood as well as the trees.

Acceptance of the idea of hierarchy could avoid certain misunderstandings
that can arise among biclogists with different orientations and backgrounds.
For example, a forest ecologist may legitimately use models of tree growth
which a tree physiologist would consider oversimplified., The reason for
this is .that the forest ecologist is interested in how complex phenomena
at the forest stand level can be predicted from the most fundamental
physiological and life history characteristics of trees. She will there-
fore be using the simplest, most generalized formulaticns of processes
at the level of individual trees. Her colleague; the physiologist, has
an entirely different task: to understand the complexities of tree
growth in terms of simple models of the behaviour of cells and tissues.
What is irrelevant noise to the forest ecologists may be interesting
phenomenology to the tree physiclogist.

A wider awareness of hierarchical principles should lead to peaceful
coexistence, and constructive discussion, among scientists concerned
with adjacent levels of organization. Forest ecologists should use the
best available genecralizations from work connected with the next lower
(physiological) level of organization to construct theories of how
forests work. Similarly, generalizations emerging from theoretical and
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predictive investigations of forest stand dynamics should be available
as basic tools in the development of models for the vegetation dypamics
of landscapes and regions.

Rationales for simulation in forest dynamics

In general, scientific theories acquire their ability to make testable
predictions from the application of mathematics. Mathematical models
make explicit the real-world consequences of theories, in ecology as in
other sciences.

Physical and engineering models of complex systems often take the form
of sets of differential equations which can be solved and snalysed using
the mathematical technigues of dynamical systems theory. These techniques
allow insight intoc overall system properties such as stability and response
times without recourse to large computer simulation., For example, Agren
(3982, 1983) has derived gereral equations for the linked dynamics of
carbon and nitrogen in conifer forest ecosystems and used this theory to
predict overall ecosystem responses to perturbations of various kinds,

The elegance of Agren's approach is both a strength and a limitation:
gensrality is achieved {necessarily) at the expense of realistic detail
(Barper, 1982}, Such general theoretical spproaches tc ecosystem dynamics
complement less abstract approaches based on computer silumation and
madel sensitivity experiments which rely on the pawer of moderd computers,
Simulations and sensitivity experiments using large computer models have
become standard in astmospheric science. Simulation models are less devel-
oped in vegetation science, but progress has been made with stochastic
models of the dynamics of vegetaticn composition and structure over
"successional" time (Shugart, 1984; van Tongeren and Frentice, 1986).
Shugart (1984) and Prentice (this workshop) give special attention to the
JABOWA class of forest dynamics models, also known as 'gap models"., These
are stochastic models which simulate the structure, composition and prod-
uction of forest stands. Their design allows them to be used to predict
directions and rates of change in particular forest systems as a function
of a constant or varying environment.

Many other more specialized computer-based models have heen developed
to forecast stand development, mostly in an economic forestry context.
There is a critical distirction however between models based an thecry
(deductive models) and descriptive statistical models, which in their
purest form have no theoretical content but rely on fitting empirical
functions to data. The descriptive statistical approach has been successful
in predicting forest yields from present stand structure, compositicn,
site factars, and management alternatives (e.g. Higglund, 1981}, Today's
complex descriptive models are a logical extension of traditional vyield
tables and have similar strengths and weaknesses. Undoubtedly, the way
to maximum precision in yield prediction under fixed environmental con-
ditiens is through such statistical approaches, underpinned by a suitably
large data base obtained from the full range of conditions for which pre-
dictions are to be made. But the use of such data-hungry models is limited
to that range of conditions; such models can simulate forest stand devel-
opment, but only so lcng as the environment remains within bounds deter-
mined by the data base. Outside these bounds the models become useless.
On the other hand, deductive models based on mechanisms within the forest
should be capable of simulating forest changes under a much wider range
of environmental conditians, including possible (past or future) conditions
not encountered at present.

The testing of deductive (analytical or simulation) models requires some
ingenuity, and like the testing of any scientific theory, it is never
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complete. The predictions may be subject to much greater uncertainty

{both about the model's structural reliability, and about the exact num-
bers it computes) than the predictions of statistical models; nevertheless,
deductive models are an important part of the development of ecologiczal
theory, and may also tell us things about forests' possible responses to

a changing environment which there is no other way to guess. For example,
Solomon et al. (1984) used a JABOWA type simulation model to project the
effects of a simulated climate change resulting from raised atmaspheric
carbon dioxide on forest biomass and composition in eastern North America.
This study was used by Shugart st al. (1985) in their assessment of ef-
fects of raised carbon dioxide levels on forest ecosystems, Shugart (1984)
discusses other comparable applications of gap models in deducing possible
large-scale effects of environmental changes acting on individual trees,
including direct effects of raised €Oy levels on forest growth. The
results of such model experiments provide good examples of the phenomenon
of emergence in contexts that are of more than academic interest.

Scale properties of different data types

The ides of hierarchy is closely connected with the concept of scale,
The development of theory and models of vegetaticn dynamics requires
scale to be considered explicitly. Biospheric phenomena, like atmospheric
phenomena, can be conveniently categorized according to the space and time
scales of observation reqguired to observe their dynamics. Commonly the
processes requiring the largest spatial scaies of observation have the
greatest inertia and therefore demand long time scales of observation;
the resulting simultaneous nesting of phenomena according to spatial and
temporal scales allows the definition of hierarchical levels of organiza-
ticn at which different types of process predeminate (Delcourt, Delcourt
and Webb, 1982). These levels may allow useful simplifications for the
development. of different types of models (Prentice, 1983). Gap models
simulate stand dynamics in discrete patches on the order of 0.1 ha in
area and with a timestep of 1 year; global processes taking thousands
of years cannot be simulsted directly using such models, but should be
simulated using more highly aggregated models in which high-frequency
phenomena simulated by gap models are averaged out and other, low-fre-
quency phenaomena come into play.

Sets of observational data can be characterized in terms of their spa-
tial and temporal "grain" {Allen et al., 1984) or "resolution" (Prentice,
1986), and "extent" (Allen et al.) or "frame" (Prentice), in space and
time. Grain and extent are linked in the sense that coarsed-grained data
are no-uge for observing fine-scale phenomens while fine-grained data
are commonly unsuitable for building extensive data sets. Temporal and
spatial scale properties of data are independent, however; the various
sources of observation data can be cross-classified by these two pro-
perties.

The most detailed information on the state and change of forests can
be obtained from permanent plot studies. The field investigation is free
to choose among a very wide range of compositional, structural, and abiotic
eccsystem characteristics. But the spatial scale of direct field cbserva-
tion is obviously limited, and the length of time over which direct obser-
vations can be carried out is equally obviously limited. fortunately,
data at the spatial scale of the sample plot or forest stand can be cb-
tained with a greater temporal extent by various indirect means (e.q.
review by Oliver, 1982). Analyses of age structure and fire-scar investiga-
tions on extant forests allow a retrospective study of stand development,
which can sometimes be strengthened or extended by the use of historical
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documentation (e.g. review by Hytteborn in this workshop). Time series af
air photographs have been used to reconstruct spatial patterns of forest
change over decades, at a slightly larger spatial scale {e.g. van Dorp,
Boot and van der Maarel, 1985). Pollen analysis from raw humus accumula-
tions on the forest floor is another promising technigue for investigating
forest dynamics at the stand scale. The source radius for most of the
pollen arriving at a point under a tree canopy is on the order of 20 m
only (Prentice, 1985). Raw humus preserves pollen grains in stratigraphic
sequence. Humus profiles often date back to the last hot fire, but occasion-
ally may he protected from fire and give a longer record. The technigue

is discussed by Jacobson and Bradshaw {1%81}.

The other extreme of spatial scale in forest data is exemplified by
satellits remote sensing data. A radiometric method has been used to sense
broad-scale patterns in the seasonal dynamics of vegetation using NOAA
satellite information (Goward, Tucker and Dye, 1985). This approach is
promising for investigating seasonal and shcrt-term interannual changes in
green bicmass at broad spatial scales. But many broad-scale properties of
forests, such as regional and global patterns in species composition and
standing crop, are not prone to change on the time scales over which
satellite data have been available. Standard palynology is the main source
of data on the dynamics of gecgraphic pattermsin species composition
(Solomon and Webb, 1986) and has been used in conjuction with a forest
simulation model to study the long-range dynamics of geographic patterns
in standing crop {Solomon and Shugart, 1984; Solomon and Tharp, 1985).
Pollen samples from moderate-sized lskes or bogs have source radii at
least three orders of magnitude larger than within-forest sites, and
therefore integrate infarmation over entire landscapes. Standard pollen
analysis provides macro-scale sensing of vegetation in space and time
(Webb, Laseski and Bernabo, 1978; Delcourt et al., 1982).

Allen and Starr (1982) suggested that ecologists are often unjusti-
fiable prejudiced towards thinking of the spatial and temporal scales
of direct field observation as being somehow more real than the macro-
scales that are accessible only via indirect methods, such as satellite
data and palynclogy. There are good reasons not be prejudiced in this
way, because there are major problems of scientific and societal import-
ance that require an understanding af forest dynamics on these macro-
scales. A similar prejudice is involved when “contemporary"” plant com-
munities {(studied by "contemporary" ecologists!) are dinstinguished from
"past" plant communities, studied by '"palacoecologists'. The distiretion
is one of scale only. Observational data on the dynamics of communities
always include the past; there are only different time scales of dynamics,
which require different lengths of historical observational record.

"Special theories” and modelling approaches for different obsetvation scales

The cbservation scale determines what phenomena are observed, and
therefore also what processes are most important in causing the observa-
tions. This consequence of hierarchy was discussed in a geomorphological
context in the classic paper of Schumm and Lichty (1965}); it has equally
impartant implications for forest dynamics.

Prentice (1986) and Webb (1986) consider how vegetation change can
appear to be endogenously or exogencusly controlled, according tc the
time scale of the observation set. We considered vegetation changes driven
ultimately by climatic variation, but limited by the possible rates at
which vegetation can respond to such varistion. Climate varies with many

: different, superimposed frequencies and vegetation can respond to environ-
! mental variation through several processes with different time constants.
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But climatic variation does not have a "white noise" spectrum. The fre-
quency spectrum of natural climatic veriability is very approximately
U-shaped with the greatest power concentrated in frequencies that have
astronomical causes - at the high-frequency end the daily and seasonal
cycles, and at the low-frequency end the Milankovitch orbitel cycles {(with
periods of 20 to 100 ka) which drive the glacial/interglacial alternation
and the changing geographic extent and strength of the monsoons, vegetation
responds in different ways to different freguency bands in environmental
variation, as indicated by Ritchie (1986), Prentice (1986), and Wehb
(1986). Three types of response can be distinguished:

(1) Perennial plants are adapted {(through phenclogy, cold and drought
protection systems, and so on) to "ride out" the seasonal cycle and also,
once established in the vegetation, toclerate considerable interannual
variability. The high frequencies of climatic variability are strong but
forest composition and structure remain unaffected by them. Variation
over such short time scales is "perceived" by the forest as part of its
static environment, and may even contribute to maintenance of some of the
forest's steady-state characteristics, such as species diversity {e.g.
Fagerstrdm and ﬂgren, 1980).

(2) Forests can respond to intermediate frequencies, for example to
climatic trends like the change from Little Ice Age conditicons to present
conditions. Such changes are on & similar time scale to the lifetimes of
trees, and so to many processes affecting structure and composition. But
these intermediate frequency signals are relatively weak, Therefore when
observing forests on this time scale we may see most clearly endogenocus
vegetationel responses to natural episcodic disturbances. Climatic variation
on this intermediate time scale may act on forest composition and structure
through direct effects on tree reproduction and growth, or indirectly
through effects on the natural disturbance regimes (Grimm,1983; Zackrisson,
1977). But these effects may be subtle and to some extent masked, damped,
or lagged due to their interaction with patural frequencies of stand-scale
response (Davis and Botkin, 1985}.

(3) Forest composition also responds to low frequency climatic change.
These changes are of long period compared to the time required for endo-
genous vegetation response, which over a time frame of (say) 10 ka may
be too fast to observe. Likewise, natural disturbances may oeccur so often
as to seem part of the state of the vegetation, which to s first approxi-
mation may be considersd in equilibrium with the low frequency component
of climatic change (Webb, 1986).

These considerations motivate the development of different "special
theories" applying to different observation scales:

(1) The "special theory" of forest dynamics incorporated in gap models
{Shugart, 19B4), with its basis in tree growth physiology, life history
characteristics and competitive interactions, allows tests with observa-
tional data on the composition, size distribution, and age structure of
existing forest stands (most usefully, old-growth forests). Such test
data can be extended where possible by permanent plot studies and raw
humus palynology. To ar approximation, tests of mddels designed for these
spatial and temporal scales can often disregard environmental change
{Van Tongeren and Prentice, 1986). This approximstion would alsc allow
chronosequence studies to provide test data for models.

(2) A "special theory" for the regional-scale dynamics of forest com-
position on a Late Quatermary (20 to 20 ka) time scale might have quite
a different basis, in the climatic tolerance surfaces of species {Bartlzin,
Prentice and Webb, 1985). Tests of such a thesory would use continental-
scale maps from standard polien analysis (e.g. Huntley and Birks, 1983).
To simulate such data, it may be sufficient to map time-averaged equili-
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brium states of forest cemposition intoc a space defined by climate
variables; then apply regional scenariocs for low-frequency climate change
constrained by the response of the atmosphere to global boundary conditions
(radistion patterns, ice sheet canfiguration and CO,) (Prentice, 1983;
Bartlein et al. 198%}. Such a test would not explicitly consider demogra-
phic and competitive processes; in fact, the endogencus aspects of forest
dynamics which are so important on shorter time scales would be ignored,
while the driving force of environmental change would be emphasized.

Such apparently incompatible theories for different observation scales
may coexist provided it is recognized: (1) that neither is universally
true; (2) that there may be situations for which neither is adequate. In
the Late-Quaternary pollen record of forest dynamics, Davis et al, (1986)
and Ritchie (1984) among others have focused on the early Holocene as a
period when the response of mid- and high-latitude forests to exceptionally
rapid climatic changes 13 - 10 ka ago may have been limited by the rate
of endogenous successional processes and/or intrinsic limitations on
species migration rates. Human-caused climatic changes in the future may
also prove large enough to induce major geographic shifts in potential
forest composition {Emanuel, Shugart and Stevenson, 1985} yet occur over
a short enough period to make stand-scale dynamic processes rate-limiting
{Delcourt et al., 1982). Forecasting the impact of such changes will
require consideration of different kinds of informatien on fourest dynamics,
applying to various space and time scales. Scientists and working groups
concerned with the environmental issues related to forest dynamics should
not confine their awareness of techniques and information to one parti-
cular theory, modelling spproach, or observational scale.
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SOIL DYNAMICS AND FOREST SUCCESSION

J.M. Verstraten

Laboratory of Physical Geography and Soil Science, University of Amsterdam, Amsterdam , The Netherlands

Summary

In this review some concepts of forest and soil successions are dis-
cussed in terms of climax, steady state and open systems, and some basic
principles of irreversible thermodynamics are presented within this frame-
wark.

Additionally, nutrient cycling in relation tec succession is treated
and some important aspects of chemical weathering, especially of sili-
cates with respect to their structural stability, and its soluble pro-
ducts is discussed.

Finally, the role of phosphorus as a master variable during the various
soil- and forest succession stages is considered.

Keywords: Chemical weathering, nutrient cycling, phosphorus, system
theories, succession.

Introduction

in 1935, the botanist Tansley defined the ecosystem as the aggregate
of plants, animals, and micrcbes plus the environment in which they live.
The term "ecosystem” has gained great popularity and the ecosystem-approach
has been very successful in environmental studies.

The advantage of an ecosystem approach when studying nature is that the
interrelationships between and the dynamics within the distinguished spaces
or subsystems are closely connected, resulting in a better insight in the
total system and its wvarious compartments.

Within terrestrial eccsystems we can distinguish subsystems or compart-
ments e.g. the soil and the vert (green) space (Jenny, 1941, 1980). Vert
space comprises all above-ground parts of the terrestrial system, the
plants, the animals and the voids between them. Soil space includes seil
horizons with their mineral and dead organic materials, the gas- and
water-filled pores, but also all organisms inhabiting it. Consequently,
soil is not & purely abiotic system, but a mixture of biota and abiotie
matier.

Tracing the exact boundary the scil space and vert space may become
rather frustrating, due to the extreme complexity of both these spaces.
Conventionally, the soil is taken as beginning with the forest floor at the
base of a tree, but this distinction is anly an operational one.

Already in 1941, Jenny developed a concept in which time (age) is one
of the state factors of the ecosystem. Applied to ecosystem genesis in
time, the chronosequence, he postulated that properties of the whole
system and consequently properties of the subsystems, vegetation, fauna
and soils are a function of time, given the state factors eclimate, topo-
graphy {(hydrologicel regime) and parent material.
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Concepts of forest and soil suceessions

In 1859, Cowles formulated the idea of a temporal plant succession that
culminated in Clement's visionary construction of the vegetation climax
in a mature (soil) landscape (Jenny, 1980).

Whittaker (1953, 1957) and later several others reviewed the literature
in the climax concept. Two main approaches with respect to this concept
exist. One is mainly based on the floristic and physiognomy of vegetation
and its relation to climate. The other approach centres on the problem
cf population and productivity in relation to all environmental factors.
Both approaches are largely restricted to vegetation. Whittaker compromised
between the several ideas of climax and formulated the climax pattern
hypothesis: Climax vegetation is a pattern of population corresponding to
the pattern of envirormental gradients and more or less diverse according
to the diversity of the environments and kinds of population in the pat-
tern. In terms of species populations, the climax, like the phytosociolo-
gical associations, is a concept which does rmot stand up to critical
examination (Whittaker, 1953). He also stated that his definition of
climax vegetation as a self-maintaining system of interacting populations
was far from absolute. His definiticn emerged from his ideas on species
individuality and time space continua, but neglects the whole ecosystem
characteristics of nutrient availability, productivity, structure etc.,
that should form the basis of any concept of ecological dynamicé. Whittaker
suggested that the climax condition may be better defined by the term
"steady state"”, defined as vegetation of changing and developing character,
incompletely stabilised, with the balances gradually shifting. With this
definition the ususl distinction between climax and succession, based on
relative stability and directional change, breaks down.

Whereas the concept of climax pertains mainly to vegetation, maturity
has a similar meaning, but pertains to the soil space of the ecasystem.

The caoncept of soil maturity has developed from being strictly morpho-
logical, referring to descriptive field criteria, to being dynamic and
based on soil forming processes (Jenny, 1941). A mature soil is normally
defired as being in "equilibrium" with the environment of a scil. In

terms of a soil property - time function, soil maturity is reached when
the curve becomes flat and remains so, indicating zero change. Not all
soil components reach maturity at the same rate or simultasneously. Accord-
ing to Jenny, at the particular conditions of dynamic egquilibrium: steady
state, the change in a sub-property during a time interval will be zero;
s0 time can be neglected since it has no further effect. It has to be men-
tiored that, in contrary to the vert space, very slow rates of change with-

in the scil may be mistaken on the human time scale for apparent steady state.

In studies involving vegetation/soil system development the parameters
of time and the associated. concept of adjustment become chief consider-
ations. The concept of adjustment is termed "dynamic equilibrium” or
"quasi-equilibrium" {Leopold and Langbein, 1962). This concept includes
the conditicn of "steady state" which refers to the tendency for a constant
state to develop (Abrahams, 1968} and has been successfully used in irre-
versible thermodynamics, biolcgy, pedology and gecomorphology. It defines
certain conditions of an open system, where the emphasis lies on the
continuwous interactions of processes and the system components. Highlights
of the steady state are the constancy of the system as a whole and in its
phases, although there is a cantinuous flow of the component materials.

The classical {(equilibrium) thermodynamics depict that zll closed
systems will move towards a state of minimum free energy {(G) {maximum
entropy (S) and/or minimum energy) given by the eguation (at constant
temperature and pressure}:
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AG= AH - T AS (1)
were H denctes the enthalpy. For any open system, the concept of entropy
can be equated with a measure of randomness or disorder of a system, As
entropy increases, disorder of systems also increases. Thus, the drive
toward maximum entropy implies a tendency toward system disorder. However,
living systems represent both an energetic and a configurational improb-
ability since living systems are highly ordered and energy-rich (Moro-
witz, 1971). This is only possible by the import of energy and matter
into the system. The ssme reasoning can be applied to soil development.
The ordening of parent materials into pedons by herizonation is due to
fluxes of energy and matter leading to a decrease in entropy.

According to Prigogine {1961) the total change in entropy of open
systems can be written as:

AS = A5 + AS. (2)
e i

ASe denotes the change of entropy due to interactions with the surround-
ings and ASi denotes production of entropy due to irreversible processes
within the system; AS5; is always positive, ASg may either be negative
or positive. Therefore, depending on the magnitude of AS5,, the total
entropy change in an.open system can be negative as well as positive. for
biological and soil systems, entropy will decresse as a result of cell
and profile development {more crdening). Consequently, the entropy of the
surroundings must increase and entropy flows from sueh open systems to
the surroundings. Prigogine (1961) has shown that at steady state, entropy
producticn within in open system reaches s minimum which just squals
entropy flow from the system. Thus, at steady state, entropy as well as
other state varisbles of the system become constant (fig. la). A stesady
state will be maintained through negative entropy flow which is caused
by the system receiving more esnergy than given off or by influx of matter
with less entropy than that of matter leaving the system. It should be
apparent that entropy levels of the steady state can be less than that of
preceding states (fig. la).

{a)

Initial State
of Parent Materiat

= ENTROPY {5}
FREE ENERQY (§) ————n=

Inftiation of Pedogenesis Equifrium (ron sodl EquiRbriurr Inon sof)

inftiation of Pedogensis
. A

TIME
Fig. 1., A schematic representation of free-energy and entropy content of
soils in selected orders as a function of time: a) assumes the existence

of steady states; b} represents the continucus evolution of soils towards
equilibrium (after Smsck et al., 1983).
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Summarizing it can be concluded that, at steady state, energy and/or
matter influx is just sufficient for maintenance of the properties of
the (s0il) system; in other words, aggrading processes just balance
degradational processes. From figure la it can alsg be seen that not all
steady states of soils occur at similar energy nor entropy levels. The
characteristics of a system at steady state are dependent upon the initial
state and the fluxes of the system. Parent materials subjected to the
high energy influxes will attain steady state at higher free-energy or
lower entropy levels than those subjected to low levels of energy influxes.
Intense leaching of the soils gives more highly ordered soil. According
to Prigogine (1961} a system cannot leave a state of minimum entropy
production by spontaneous irreversible processes. If a system deviates
from the steady state due tc change in external flux, spontaneous internal
changes take place which cause the system to return to the steady state.
However, it has been emphasized that not all soils have attained a con-
dition at steady state and there are soil scientists who say that all
s0ils are in & state of continuous evolution (fig. lb). Undoubtedly many
s0ils represent transient states whereas others represent steady states.
Both states play a role in soil fermation and soil development can best
be depicted as a combination of both figures presented in figure 1
(Smeck et al., 1983).

Ecologically, steady state can be defined as a temporary state of
dynamic equilibrium in an open system. Whittaker (1953) referred to this
state as the levelling-of the time distribution of any parameter such as
productivity. The disticticn from climax can be immediately seen. The
vegetation component of the ecosystem considered to be climax, in the
sense that it is self-maintaining, may appear to be constant with time.
However, within the whole ecosystem, there can be a simultaneous and
continuous imbalance between input and output of materials. This imbalance
is a function of loss of nutrients from the scil by leaching in excess of
nutrient release by weathering, loss by erosion, lateral and surface
runoff of water, uptake by plants, input by rainfall and dry deposition
and other atmospheric processes, all of which contribute to the open
nature of the scosystem. Inherent to the steady state concept is the
"considerable" scope for fluction within the ecosystem.

Finally, it can be concluded that steady state adequately defines a
temporary state of dynamic equilibrium in an open system such as the
vegetation/soil system. It employs "dynamic equilibrium" as denoting
adjustment in a non-reversible sense tot a state of mineral change with
time. Fundamental tc the meaning of steady state is a minimum continucus
variation within and between all parts of the ecosystem.

Within forest successions during steady state conditions considerable
fluctions with respect to the vegetation may exist resulting, among other
things, in varicus biomass accretion models {(Peet, 1981; see Tig. 2):

1. the simple asymptotic increase of biomass towards an upper limit,

fixed by site conditions (Odum, 196%},2. @ stochastic version of the
logistic yield model, resulting in a shifting masaic model, which accounts
for a dip in biomass {Bormann and Likens, 1979) and 3. the model which
predicts initial increase followed by a decrease and then a subsequent
recovery. Here, rather than a simple dip to an asymptotic 'steady state™,
level biomass shows a series of damped oscillations around an egquilibrium
level. Even the concept of acyclicsuccession for forest development fits
within certain limits well within these oscillating steady state models.

Finally, it has to be emphasized that the successional time to enter
the steady state stage for the various subsystems of the ecosystem can
vary considerably {fig. 3). This figure is taken from Jenny {1980} and
gives a hypothetical chronosequence eof sonils and vegetation during a
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Fig. 2. Successional changes in biomass (&) and production (b) as predicted
by various models described in the text (after Peet, 1981}.
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Fig. 3. Hypothetical chronosequence of soils and wegetation during a
"million" years on level topography {after Jenny, 1%80}.

"million" years on level topegraphy and humid climate. Vegetaticn "steady
state" arrives first, humus maximum later and some characteristics of the
mineral part od the soil e.g. the clay content last. For other soil
characteristics like the CaCD, content, steady state conditions arrive
relatively rapidly. In this figure alsc the "real" edaphic plant.steady
state is indicated, although it can be wondered of this stage will be
reached at all, due to major alterations of the state factors such as
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climatic changes, tectonic tilting followed by severe erosion.

To my opinicn a lot of misconceptions with respect to forest- and soil
succession interrelationships exist due to an insufficient notion of the
different time scales for the varicus compartment stages of the eco-
systems.

Farest succession and nutrient cycling
Forests and woodlands of the world occupy slightly more than one-third

of the earth's land area and they contain major fractions of the ter-
restrial stocks of C, N, S and P, Taday, carbon and nitrogen budgets

-are available for a variety of forest ecosystems, although most are

incomplete (Melillo and Gosz, 1983); on the contrary, the sulphur and
phosfor budgets are less common and/or fragmentary.

However, at this time a gap still exists in the knowledge of the mechan-
isms that eontrol cyeling rates of an element; this requires consideration
of element interactions. Studying nutrient cyecling fluxes on an zcosystem
level base, even when ecosystem components are inadequately kriowr, is
valuable because study of this ecosystem level can help to elucidate

which components and processes require further study. Patterns of nutrient
availability and fluxes generally strongly affect plant succession.

Vitousek and Reiners (1975) have suggested that change in net ecosystem
production is major determinant of the balance between inputs and outputs
of elements in terrestrial ecosystems (fig. 4). They argued that in the
course of primary succession element outputs are initially relstively high
{approximating inputs), following by a drop to a minimum because of
element accumulation biomass and detritus due toc higher ecosystem
production. In late succession stages, when net ecosystem production
approaches zero, cutput rates rise again approximstely to equal inmputs
(steady state stages). In most cases of secondary succession, net eco-
system production is negative immediately following disturbance and in
such cases output rates cen exceed input rates (fig. 4).

However, also other processes can systematically affect chemical bud-
gets in the course of terrestrial ecosystem succession, resulting in dif-
ferent, although still balsncing, levels of inputs and outputs. The pro-
cesses controlling changes in nutrient inputs and outputs in primary and
secondary succession, were recently reviewed by Gorham et al. (1979).

A
Pl Primary n
P N Succession h
‘ . b
+ ¥ Ay A
! S s :’Secondary
I . i -
Net ! Socondary >, Element |t : Succession
Ecosystem Succession " e Qutput ! ¢ »Input Rate
. T ’—_
Production It Rate L™\ Primary . -
1 H “ Succession <
- "‘} \ ,
/,'/- ‘\ 4
]
j . .
i} Il
0 Successional time —= 0 Successional time —

Fig. 4. Patterns of change in net ecosystem production {NEP) during primary
and secondary succession of terrestrisl ecosystems (a); patterns of output
rates for a limiting element in primary and secondary succession, assuming
that changes in storage are controlled principally by NEP and that input
rates are constant (b) (after Gorham et al., 1979).
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In table 1 processes are shown which affect element inputs to systems,
inciuding rock and soil weathering, nitrogen fixation, particle impaction
and gas absorption; those that change with zlterations in hydrology,
including losses of dissolved substances, erosion and oxydaticn/reduction
reactions; and those biological processes directly or indirectly affecting
the balance between input and output, including net scosystem preduction,
element mobilisation or immobilisation, cation/anion balance, the production
of allelochemic substances, and changes in element utilisation by the
biota {Gorham et al., 1979). Only those processes which are intrinsic to
ecosystems are present here, ignoring external factors such as changes in
precipitation or atmospheric deposition amounts. However, these external
factors are at the moment important in nutrient cycling, especially in
the industrial countries. Each of these processes varies systematically
in the course of succession, though the magnitude of each change may be
difficult to predict in the course of any particular succession.

Table 1. Intrinsic varying ecosystem processes due to successional
development®

1. Processes affecting inputs
a. Rock and soil weathering
b. Nitrogen fixation
c. Particle impaction and gas absorption
2. Hydrologic processes affecting outputs
a. Loss of dissolved substances
b. Erosion
c. Regulation of redox potential
3. Blological processes affecting the balance of inputs and outputs
a. Net ecosystem production
b. Decomposition and element mobilisation
c. Regulation of splution chemistry
d. Production of allelochemics
e. Variability in utilisation of elements

#* After Gorham et al., 1979

Chemical weathering

In this paragraph some information will be given of weathering and soil
formation processes, which deliver the nutrients for the ecosystem. Also
some remarks will be made on the recipreocal interactions of ecosystem-
level nutrient fluxes and vegetational changes.

Weathering entails both physical and chemical processes, but within
our subhumid climate chemical weathering is much more important. Chemical
weathering includes the processes by which environmental agents are acting
within the zone of influence of the atmosphere, produces relatively stable
new mineral phases as clay minerzls and pedogenic oxydes. In these pro-
cesses dissolved substences are produced and removed. Chemical weathering
rates are-strongly controlled by climate, i.e. temperature and water
flux, parent material (rocks), relief and bicta.

Within a climatic region the patterns and rates of chemical weathering
are highly dependent upon parent material. Its texture, structure and
mineralogicel composition will have an influence on rate of percolation,
surface area affected and chemical reactions. For silicate rocks weather-
ing characteristics can be differentiated into four classes: basic crystal-
line, acid crystalliine, alkaline igneous and argillacecus sedimentary
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rocks. During primary succession especially the amount of easily weather-
able minerals will control the chemical element level, while during
secondary succession the degree of prior weathering, =.g. the mineral
assemblage of primary and secondary mirmerals will influence subsequent
weathering rates (Gorham et al., 1979).

The following section will review some basic principles governing the
character and speed of chemical weathering of silircates, the most im-
portant rock forming and consequently the main source of nutrients with
the exception of nitrogen and carbon, e.g. the silicate reaction with
water or acids. It should be emphasized that during succession the
amount of acids produced within the soil system can be fluctuating, mainly
due to changes in bialogical aetivities. The reactivity of silicate
minerals toc water or acid is largely & function of the silicate polymeriz-
ation inherent to the mineral structure (table 2).

Table 2. Classification of Silicate Minerals*

5i0, Polymer Percent Anion Si/0 Example
Con%iguratinn 5i-0-51 Formula
Linkages

Isolated Tetrahedra 0 Si0, 1/4 Mg,5i0, (forsterite)

Tetrahedra Doublet 25 51207 1/3.5 C82A136(5104)(51207)UH
(epidote)

Single Chain 50 510+ 1/3 MgSi0s (enstatite)

Closed Chain 50 (5i=)n 1/3 BezAl;(5i03)5 (beryl)

Double Chain 69 514011 1/2.75 CagMgs(Sig0)175(CH),
(trempllteg

Sheet 75 514010 1/2.5 ?33523““1” (QH),

Framework 100 5105 1/2 510, (quartz)

* After Johnson (1984)

Takle 3. Stability of minerals to weathering.

olivine
hypersthene Ca-plagioclase
augite Ca-Na-plagioneclase
hornblende Na-Ca-plagioclase
biotite Na-plagioclase

!—> K~feldspar — l

{

muscovite

increasing stability to weathering

guartz

49



The primary structural unit in silicate minerals is the 5i0, tetra-
hedron, which polymerise in various ways throuch a Si - 0 - 5i covalent
bond. Siliecate minerals are convenlently classified on the basis of their
silicate polymer configuration {tsble 2}.

Generally, the more 5i - 0 - 5i linkages present in a mineral, thes more
difficult it is to dissolve the mineral in water or acid, and to deliver
nutrients. In table ? the most water-soluble minerals are listed at the
top and the most insoluble are at the bottom. The dissclution of a
silicate mineral is conventionally called hydrolyses weathering. In
strictly chemical terms hydrolysis is the dissolution of g salt in water,
which produces an excess of H' or OH™ (acid or basic hydrolysis). Because
most minerals are basic salts their hydrolysis generally leads to an
excess of DH™. However, there is one nctable exception: the hydrolysis
of pure guartz yields a weak acid, silicic acid (Hasiﬂao), as an end
product, which imparts s slightly acid character to reaction (3):

Si0y(s) + 2H;0 = HySi0,0, with a pK value = 4.00 (3)

it is significant that the quartz structure represents the highest pos-
sible level of silica polymerization i.e. a Si:0 ratio of 1:2. The hydro-
lysis of quartz requires that a three-dimensional Si - 0 - Si network

be broken down into @ set of discrete SiDi tetrahedra. This depolymeriz-
ation reaction is bimolecular, invelving the breaking of a strong 5i - 0 -
5i bond and a simultansous presence of an anion, in this case OH , tc com-
plete the new bonding arrangement. The quartz dissolution amount and rate
increases at higher pH values {increasing OH™ concentration) due to dis-
sociation of silicic azcid. It is evident from the above that one of the
mest dominant minerals found at the earth's surface, quartz, is not
vulnerable to acids.

At the other extreme fraom quartz (see also table 3} there are silicate
minerals that are relatively reactive to acids. A good example is the
mineral forsterite, an magnesium silicate. The hydrolysis of this miperal
is given by reaction (4):

Mgz5ib,{s)+ aHo0 == Mg + 4DH + HaSiDaD, pK = -27.13 (4)
This reaction is obviously acid-dependent, which is shown by reaction
MapSi0q(s)+ 4" == 2Mg?t « Hysi0,0, oK = 28.87 (%)

For this reaction no 5i - 0 - 5i bonds need to be broken due to the fact
that the silica configuration in forsterite, a 5il; anion, is already
that of silicic aeid. Consequently, in this case only the relatively weak
ionic bond between Mg - 0 needs to be broken.

The majority of the silicate minerels, however, is somewhere between
quartz and forsterite with respect to both their structural complexity
and their hydrolysis properties. Consequently, in theory relatively high
concentrations of OH for the fissioning of the 5i - 0 - Si bonds, com-
bined with a high concentration of H™ would optimise the amount of the
hydrolysis taking place and presumably its kinetics too.

With respect to the primsry minerals with an alumincsilicate structure,
for instance feldspars, the following can be said on their reactivity.

In these structures, which are double chain, sheet and framework struc-
tures, it is common for aluminium to systematically substitute for
silicon. This substitution effects strong changes in the physical and
‘chemical properties of the resulting structure. Generally, aluminium
substitution gives a silicate structure more susceptible to hydrolysis
and acid attack, because each Al0g tetrahedron represents a weak link in
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the silica polymerization network. This can be geen in reaction (6) as
the acid dissoiution of an idealised 5il4 - AlU,; anion complex:

045i-0-Al047- + 3H" == 5i0, % + ALP* + 30H™ (6)

This reaction indicates that H' is an active agent in the decomposition
of a 51 - 0 - Al bond and it is in contrast to the Si - 0 - Si band
decomposition, where OH is the active agent.

Summarizing it can be said with respect to the crystal structure of
silicates that the relative stability of these minerals to weathering
appears to be related to the degree of basicity, degree of linkage of the
tetrahedons, relative number of aluminium and silicum tetrashedons and
other factors that induce a lowering of the basicity of the mineral and
a destruction of bonds linking the tetrahedons (Barshad, 1964). From the
point of view of chemical composition, the larger the number of indepen-
dent tetrzhedons, the more basic is the mineral which is the larger in
the ratio of basic cations to silicium. Similarly, the larger the number
of aluminium tetrahedons, the more basic the mimeral.

The relative stability of silicate minerals to weathering follows a
close order of crystallization, that is, the less basic the mineral the
more stable it is (Bowen, 1928; Goldlich, 1938; see alsc table 2).

The soluble products of chemical weathering ’

S50il solution is essential to chemical weathering. Minerals desintegrate
because of their constituent atoms and ions are dissclved and (partly)
removed from the soil system resulting in an unstable environment for
{primary) minerals and a formation of new (secondary) minerals as clay
minerals and pedogenic oxides. The main local feature of scil solution
lability is the continuous transformation of dissclved constituents
into different chemical species over a broad range of reaction time
scales. This persistent, but kinetically complex process, controlled by
interactions involving solar energy and biota, is the essential driving
force for soil profile developwment which governs the pattern of chemical
weathering (Sposito, 1981). Chemical thermodynamic modsls of spil and
rock weathering have been successfully developed (Helgeson et al., 1969;
Fritz, 1975 and 1984), and they are mainly focussed on solubility control,
usually through the dissolution-precipitation reactions of hydrous oxides
and alumino-silicates constrains by the Gibbs phase rule (Verstraten,
1980; Lindsay, 1979). In order to avoid conceptual errars in the inter-
pretation of the soil solution composition data, some quidelines have to
be presented. One of the most important of these quidelines is the Gay-
Lussac-Ustwald (GLO)} step rule. In the context of the ion-association
madel this empirical rule can be summarized as follows (Sposito, 1984):
"1) IF the initial activity of a ion in the soil soluticn and attendant

s0il conditions make several solid-phase states potentially accessible
to the ion, the solid phase which forms first will be the one for
which the activity aof the ion would be nearest below its initial value
in the soil solution.

2} Thereafter, other accessible solid phases will form in order of de-
creasing activity of the ion in the sopil solution and the rate of
formation of each solid in the series will decrease as the corre-
sponding ion activity decreases. In an open system any one of the
solid-phase steps may be maintained "indefinitely" on the time scale
of the weathering experiments'.

The GLO step rule provides a conceptual framework for the observed
sequence of feldspar weathering {(Stumm and Morgan, 1981; Fritz, 1984);
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it gives good results for secondary mineral formation (clay minerals and
pedogenic oxides) and also gives good productiocns for successions of clay
minerals with a various degree of crystallinity (Karathansas and Hajck,

1983).
In figure 5 an example taken from Sposito (1984) is presented, where

chemical thermodynamics, incorporating the GLO step rule has been used on
soil weathering, involving some secondary minerals. In this figure an
activity-ratio diagram for Al’* in Bt and C horizons of Ultisols is pre-
sented. The data point represents the average and range of pAl and PHiSi0y
of the soil solutions for the BL and C horizons. The soil solution com-
position indicates that, at the pH, pFe(I11) and pMg values an association
between Al-beidellite and kaclimite of varying disorder is likely. This
prediction was confirmed by X-ray diffraction analysis. The log Kgn values

8
\\\\\\\‘\\\\\\\\\\\ Bt and € Horizons

'\I

log {(solid}/(a13")]
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Fig. 5. Activity ratio diagram for A13* (aq) in Bt and C hcrizons of four
Alabama Ultisols (after Sposito, 1984).

for the soil kaclinites ranged between 7.3 and 10.4, spanning the kaclinite
continuum completely, with the larger values tending to be found in C hor-
izons, where smectite predominated.

Summarizing with respect to chemical weathering it can be said that
within a climatological region the mineralogical composition of the parent
material and parent rock often plays a dominant role on the chemical
weathering rate and together with the weathering products.on nutrient
levels and nutrient availability.

The biota can alsop affect chemical weathering in several ways. Roots can
have a physical action on parent material by fracturing rocks. Plants and
detritus will retard ruroff and promote slow percolation, These effects
will enhance chemical weathering. Increasing transpiration will decresase
water available for weathering reactions to some extent. The most impor-
tant effect of biota on chemical weathering is probably through its gene-
ration of acidity. Biological respiration by roots and soil biota adds car-
bon dicxide to the soil atmosphere, thus tending to maintain or even
increase the supply of hydrogen ions to the parent material. Organic acids
resulting from litter decomposition or root exudation may also play =
important role in spil and rock westhering, especiaily in cool humid
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environments or in soils with poor parent materials in the temperate humid
climates. Sometimes, some of these organic acids, i.e. the fulvic acids,
may act as a powerful chelator and play a leading role in mobilisation of
metals like iron and sluminium and the slteration of primary and secondary
minerals. .

Variability is to be expected in chemical weathering rates. Such varia-
bility makes predictien of changes in rate over the course of terrestrial
succession most difficult. Nevertheless the following tentative generalisa-
ticn comes from Gorham et al. (1979): "To a large extent the rate of chemi-
cal weathering and its changes during succession willbe determined by cli-
mate, parent material and relief. The biological effects associated with
succession will be modifiers of fundamental trajectories set by these phy-
sical facters". Changes in weathering rates are likely to be greater dur-
ing primary succession than during secondary succession - given the same
climate, parent material and relief. This fundamental contrast betuween
primary and secondary succession is due to the chemically unstable nature
of fresh parent material in a new site due to many easily weatherable
minerals, Weathering will last longer to reach a steady state during pri-
mary than during secondary succession. However, one has to bear in mind the
remarks already given with respect to different time scales for the vert
space and the soil space. A good deal of weathering may be independent of
the biota, especially in the primary succession, so that changes in
weathering rates through succession are not wholly or necessarily bioti-
cally induced by succession itself.

Both primary and secondary succession probably exhibit an initial in-
crease in weathering rate with time, because factors change together in
ways that promote chemical weathering. These factors may include physical
weathering, increased water percolation intec physically weathered material,
and increased acid-generating capacity through the accumulation of biomass
(Gorham et al., 1979). This acid potential could be especially important
in those cases of secondary succession where acidity is increased by ni-
trification following cutting. This was established for the devegetated
watershed at Hubbard Brook {Dominski, 1971).

Because by definition seccndary succession takes place on previocusly
occupied sites, the amplitude of response should be small and weathering
rates will be quickly resumed to their original levels.

The role of phosphorus during successions

The reciprocal interactions of nutrient fluxes and vegetational ehange
on ecosystem level will be discussed here. The clearest examples of the
probable influence of such fluxes on vegetation derive from studies of
primary succession and soil development in New Zeszland (Walker, 1964;
Walker and Syers, 1976).

Walker and cowcrkers have hypothesized that in terrestrial systems
phosphorus is the master element, requlating the accumulation of carbon,
nitrogen and organic sulphur in seils. They have shown that both the tetal
amount and the chemical forms of phosphorus change irreversibly and pre-
dictably during scil development (Fig. 6aj.

In their schewme the total soil phosphorus pool is divided into four
components: 1} easily weathered (primary) minerals such as apatite, indi-
cataed as Ca-P; 2) availabls P or non~occluded P; 3} difficultly weathered
(mainly secondary) minerals or occluded P, and 4) organically boung P.

Phosphorus is present in weatherable minerals at the beginning of scil
development, in a range of forms including presumably plant-available
forms in early and mid-development, and bound in organic matter with a
wide C:P ratio or in highly inaccessible mineral forms in the flnal stage
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Fig. 6. Changes in total phosphorus and phosphorous fractions in the
course of soil development {a]; hypothesized changes in nitrogen fixation
during scil development (b} (after Vitousek and White, 1981).

of develapment. The total amount of phosphorus present declines through

s0il development as a consequence of phorphorus leaching losses. In ex-

treme cases, plant biomass and production can drop markedly late in soil
development, probably in response to the low phosphorus levels.

The time scale of the processes shown in this figure is variable from
tens of thousands toc millions of years, depending on the climate (lsach-
ing intensity), the initial phosphorus level and the phosphorus adsorption
capacity of the soil material. The time scale for this soil development is
always very long with respect to that of the secondaty succession. Conse-
quently, the fractions and forms of phosphorus can be regarded as reason-
ably constant for any single secondary succession event.

Phosphorus exerts control over nitrogen accumulation by influencing
nitrogen fixation. Nitrogen fixation rates are controlled partly by an
adequate phosphorus supply, partly by available N:P ratios and to a les-
ser extent on pH, especially for rhizobia (Granhall, 1981). Nitrogen fix-
ation increases in primary succession to a relatively early peak and de-
clines as the N:P ratio in the system increases (allowing the growth of
non-nitrogen fixers) and as availahle P decreases (fig. 6).

The net result of these processes is & system with in the very early
stages of soil formation on parent material deveid of nitrogen, nitrogen

54



fixation as an important process. With high phosphorus availability and
increasing nitrogen availability, plant praduction increases and organic
matter begins to accumulate in the scil. In the middle steps of soil form-
ation, losses of P are equalled by P input from weathering, the N:P ratio
increases and non-N fixers compete successfully for the N and P being
mineralised from so0il organic matter. The amounts of available N and P are
in the optimum range for maximum plant production and organic matter con-
tinues to accumulate in the scil. Late in the soil development, soil or-
ganic matter begins to decline. This occurs when Ca-P has disappeared or
fallen to such a low value that the rate of release of P by dissoluticn

of apatite is less than the loss of P from the system, either by leaching
or canversion to unavailable forms cr both {fig. 6). Further development
of the ecosystem in climates where leaching ccrcurs causes additional

loss of P and leads to declining levels of unavailable inorganic P and
organically bound P as well as organically bound C, N and S (Walker and
Syers, 1976); Melillo and Gosz, 1983).

Finally, it has also to be mentioned that, to the extent that N supply
limits biological activity, it can, in turn, influence weathering rates
by limiting acid production resulting in a mutual feedback between
weathering (P status) and N fixation under these cunditions (Reiners,
1983).

Acknowledgement: The amuthor is indebted toc Mrs. M.C.G. Keijzer-
v.d. Lubbe for her very rapid preparation of the paper at short- notice.
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FOREST SITE AS A FRAMEWORK FOR FOREST SUCCESSION

J. Fanta

Dorschikamp Research Institute for Farestry and Landscape Planning, Wageningen, The Netherlands

Summary

An attempt is made to adapt the chronosequence concept of Jenny (1941,
1980} to research on forest suceessicn. By applying forest site as
a stable complex of environmental factors and forest community as a
stable pool of organisms to the chronosequence concept, the assumption of
constancy of independent ecosystem factors can be fulfilled, so that the
change in vegetation {succession) can be considered as being a functicn of
time in its relation to stochastic elements.

An example of a graphic model of forest succession on sandy soils in
central Netherlands is given and the concept of iterative, alternative,
and deflective strategies in forest succession is described. The model
enables develcpment trends of the potential natural (climax) forest
communities as related to pariiculsr sites to be defined. Using the model,
communities related to each other can be put on one common successional
line and arranged in a system as development stages.

Keywords: Chronosequence concept, forest succession, forest site,
iterative, alternative, deflective strategies in forest
succession.

Introduction

An appropriate general concept to serve as a theoretical basis for the
forest succession research, should fulfil the following criteria:

a) it should be based on the ecosystem theory;
b} it should be easily applicable to the given foresiry conditions.

The ecosystem concept developed by Jenny (1941, 1980} seems to fulfil
these demands. According to this concept, system properties {as related
to the whole system, vegetation, animals, soil) are dependent on or are a
function of the state factors {(such as climate, pool of species, top-
ography, parent material, time):

1, v, a, s = f(cd, &, v, p, T, ...) (1

In this relatien, time plays a special part. Young ecosystems are
strongly controlled by the state factors. In older systems, system proper-
ties develop interrelations, forming the ccntent of ecosystems. The
autonomous self-regulative processes play a more important role. They
cannot, however, exist and function outside the framework of the
ecosystem-independent state factors (cf. Gigon, 1975).

Application to succession: the chronosequence concept
The state factors can play different parts in the development of
ecosystem properties. One or more of them may be dominant, the cthers

subordinate. When time is dominant, a chronofunction or chronosequence
develops:
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1, vy a, s = f(t, cl, d, r, Py +vu.) (2}

According to Jenny, this chronosequence sguation can be understcod
as a general formula expressing the development of the ecosystem.

If the subordinate factors are invariant or if they vary considerszbly
but with little effect, the equation changes into the following form:

b, vy 8, 8= F(t)cl, B, Ty D «uo (3

This equation expresses the eccsystem genesis and development in
time under a fixed combination of climate, pool of organisms, relief,
parent material and dot effects. In other words: succession of a system
is & function of time when other variables are constant, or when their
changes influence the development of the system hardly or not at all.

Major (1951) applied Jenny's general ecosystem concept to vegetation
and its succession. His chronosequence formula has principally the same
form and interpretation as Jenny's:

Vo= F(t)cl, g, T, p (4)
meaning that the succession of the vegetation can be interpreted as a
function of the change in time if the independent factors climate,
organisms, relief, parent materizl (and dot factors) are constant or
of relatively little importance in determining differences in the
vegetation development. p

This statement gives rise to the following question:
under what circumstances may the influence of the independent factors
be assumed to be constant, so that the vegetation change in question
{succession) could be considered as being caused by a change in time
only?

The constancy of the independent facters is, of course, a somewhat
hypothetical assumption. In fact, such conditions can conly occur in
climate chambers, within which artificial environments with a given
pool of organisms can be created and kept constant.

Under field conditions, the forest site concept seems to approach
the concept of constancy of indspendent factors the best. Belcw I shall
try to develop this bypothesis and to discuss its possible application
to research on forest succession.

First, however, three particular aspects aof constancy {or nen-constancy}
should be mentioned:

a) The constancy of a factor does not mean non-fluctuation. In
certain factors, constancy seems to have different dimensions:
parent material may be seen as a more constant and stable factor than,
e.g., climate er water table. Fluctuation in a factor can be diurnal,
or seasonal, or short-term, - causing fluctuations in vegetation develop-
ment but having only little or no influence on the general course of the
succession.

b) The non-constancy of a factor has to be understood as a systematic,
irreversible shift in the basic characteristics of that factor over a long
period {at a scale of decades or centuries) which, at the least, leads to
a new guality of the factor in question (e.g. long-term change in the
climate; changes in relief e.g. caused by severe esrosion; decalcification
of parent material stc.).

c) Extreme fluctuations produce a specialsituation. Because they reach
outside the common range of fluctuations of the factor in guestion,
extremes cause drastic, unexpected changes in ecesystems. They can be
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designated as disturbances or errors. The common feature of these
phenomena is stochasticity.

To give ron-constancy explicit recocgnition, Jenny {1980) included
the stochastic term u in his chronosequence equation. The eguation then
becomes:
1, v, a, s = fit, U}cl, By Ty Py een (5)
We may assume that, analogous to cother factors, stochastic elements can
play a dominant or subordinate part in ecosystem development.
There is a special relation between time and stochastic elements:
when u becomes dominant, the role of t is unimportant. And vice versa.
This relation expresses the very impcortant role of disturbance and
stochastieity in the development of ecosystems: during a serious
perturbation development in time is broken off: after thal, a new
development in time can take place, time being dominant and stochastic
elements being subordinate factors, until 2 later perturbation occurs.
Applying this change to Major's approach to vegetation succession,
we obtain the following basic equation for the chronosequence:

Vo= L, w (&)

cl, 4, r, p
which says that, under a fixed combination cf independent environmental
factors and stable pool of organisms (in this case reduced to the
vegetation), the succession could be considered as a functicn of time
in its relation to stochastic elements.

Application to forestry and forest succession

Forest succession is the pattern of changes in species composition
of a forest community during or after an important change in the physical
environment or in the community itself. This change opens new ecological
niches that can be filled up or colonized by new invadors.

All items in equation (6) can be translated into and interpreted
by conventicnal forestry terms, using forest site as an expression for
the complex of independent envirormental factors, forest community as
the pool of organisms, and time and stochastic elements as factors
directly affecting the course of the succession. The equation then
expresses forest succession as a development in time (t) in its relation
to stochastic elements (u), as related to forest site and forest community.

This interpretation enables the concept of ecosystem genesis and
formation to be applied to forestry in concrete forestry terms and with
fomiliar tocls. Forest site is understood as being more or less stable
complex of environmental factors affecting the composition, structure,
development, growth and productivity of a forest community. Forest site
types are collections of localities with the same combination of site
factors, the same type of relations between the sjte and forest community
and the same silvicultural possibilities. A forest community (here
understood as vegetation community) is a complex aggregation of plants,
dominated by trees, which develops and exists in a close relation with
the physical environment. Under the given site conditions, a forest
community has its own development trends, features of inter- and
intraspecies competition, regeneraticn ecology in particular species, etc.

Central to this concept is the relation "forest site - forest community™,
in Efurope better known as "Standortsbezogenheit der Waldgesellschaften”
{cf. Jahn, 1969; and others). We may see this relation as a forestry
interpretation of Whittaker's "climax pattern concept™ (Whittaker,
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1953, 1974). According to this concept, the climax is to be interprested
as a steady-state community adapted to the characteristics of its own,
particular habitat. We may assume that, logically, Whittaker's concept
is valid and applicable not only to the climax community, but also to
the preceding succession stages/communitiss that can develop on particular
habitats. This implies that forest site is of essential importance for
the succession, defining the framework, limits and gradients within which
and along which succession - from the initial up to the climax stage/
community - takes place. In this way, the whole ecosystem development
gradient can be defined.

Based on this assumption, mcdels of the succession of particular
climax communities - or types of the potential natural vegetation -
as related to their sites can be developed.

Example of a forest succession model

Using data from research on the spontaneous regeneration of forests
an the Veluwe hills, central Netherlands, various types of succession
have been distinguished on different sites which, however, could be
integrated in a common model (Fanta, 1982, 1983}, The model has been
given a simple graphic form. It involves both primary and secondary
succession with their progressive and retrogressive developments and

succession strategies after perturbation (fig. 1).
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Fig. 1. Model of the forest succession on the lowland sandy soils.
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A primary succession takes place on recent and former drift sands.
These sands have to be considered as raw, undeveloped substrates which
have never before supported any vegetation {substrates witnhout any
soil profile, soils in development). The primary succession is considered
to be directional, involving various treeless stages and initial,
transient and terminal stages of forest.

The secondary succession takes place on scils with a well developed,
perhaps even degraded profile. It is considered to be a cyclic process
involving both progressive and retrogressive developments in their
initial, tranzient, terminal and treeless stages.

The concept is based on the relationship of successive stages and on
the same relationship of forest and herbaceous communities that can
develop successively on particular sites. Fach community represents one
stage in the succession. The entire process can be described as a
pattern of stages (dynamic approach) or as a pattern of forest communi-
ties (phytosociological approach). Together, the stages or communities
form a "succession masaic" which can be considered as representing the
potential natural vegetation in all its development stages.

The way in which forest-tree regeneration and the herb layer react
to perturbations in forest communities plays an important role in forest
succession. Three succession strategies are possible:

A - iterative strategy: when the same stage/community reappears after
perturbation;

B - alternative strategy: when an earlier succession stage/community
appears after the perturbation (e.g. pioneers regencrate after decay of
a terminal stage);

C - deflective strategy: forest community falls into decay without
any tree reqgeneration; a treeless stage (i.e. @ community with herbacecus
vegetation) develops as "Ersatzgesellschaft' instead of the forest. This
treeless stage can hardly be considered to be a gap in the forest suc-
cession; it is a natural part of the succession of the forest.

This threefold concept can be regarded as being analogous or
supplementary to the "facilitatiom - tolerance - inhibition model" of
Conrmell & Slatyer (1977).

The type of disturbance or decay of a forest community and the
accompanying circumstances {e.g. whether or not seed fall occurs before
or after disturbance) play a very important part in the course of
succession following perturbation. In the modsl, perturbation is not
meant to relate to the terminal stage only. At any moment, regardless
of its successional stage, the forest community can be disturbed or
decay may be caused by elements that have a stochastic character (e.g.
hurricanes, floods, landslides, insect plagues), resulting in the start
of new developments, either progressive or retrogressive in character.
The same situations are well know from the analydes of primeval forests
(cf. e.g. Zukrigl et al., 1963; Mayer & Neumann, 1981).

Appiication of the model

The modei has been developed in and tested in lowland conditions.
According to Tiixen & Diemont (1937} and Westhoff (1956), substratum and
s0il are important factors affecting forest communities in this area,
resulting in differences in their development. Westhoff even questioned
whether in lowlands the climax as a steady state community can develop
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at all. To date, these problems bhave rarely been investigated in the
field, first of all because of the severe impact of man on forests and
soils and secondly because of the absence of natural forests in this
area. The model presented here, althcugh simple and only in a preliminary
graphic form, might possibly help to overcome the disadvantages of the
real situation and help to explain forest development trends in this area.

So far, three different succession sequences have been distinguished
and described in the area investigated in the Veluwe. They occur in three
different sites with different types of potential natural vegetatiaon
{(potential climax communities).

We have discovered that the application of the model to forest

-succession research con particular sites provides much information about

regeneration scolegy of particular tree and plant species, succession
strategies, site properties etc. Using the model, we hope to slucidate
development trends of the patential climax communities as related to
particular sites (fig. 2). Communities related tc each other can be put
on one common successional line and arranged in a system as development
stages.

] PNV,

l forest
site

T

Fig. 2 Scheme of the successional series of the potential natural forest
communities and their Ersatzgesellschaften as related to forest

sites.

For many years, forest ecclogists have been interested in research
on development trends of forest communities on particular sites. £.q.
Aichinger (1951, 1954, 1974) developed his system of "forest development
types" (Waldentwicklungstypen); MikySka (1964, 1971) introduced the term
"farielle Degradationsphasen” - degradation phases of the natural forest
communities caused by applying different silvicultural measures in forests.
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The model described above could be a valuable contribution to the

solution of this problem. Both degradation and improvement phases as

well as progressive and retrogressive successional stages and other
phenomena can be incorporated in the system given above. In this way,
complete successional series of the patential natural forest communities
as related to their sites and their man-made modifications (Ersatzgesell-
schaften)} can be defined. Such a system will supply much useful ecological
information and will have a high predictive value, ensbling the reper-
cussions of different management decisions and treatments of forest stands
on particular sites to he forecast.

Similar models could be developed for different conditions, or maybe
this model could be applied to different conditions. I believe that
further research in this direction will be of great importance to forest
geohotany, forest site doctrine and to both silviculture and forest
management practice.

This approach also enables forest succession data to be quantified,
e.g. using the Markovian chains method. Horn (1975) applied this method
to predict forest development in a mixed forest in the UGA. Stratifying
the basic data according to sites will undoubtedly provide more exact
information. In this way, the predictive value of graphic successicn
models can be checked, improved and adapted to concrete situations.

Conclusions

Forest site seems to be vitally important for research on forest
succession defining border lines of forest ecosystems and forming a
framework within which succession taskes place. Stochastic elements
can play an important part in forest succession, but succession by
itself does not happen arbitrarily. Within the site boundaries,
succession has its own elementary rules and strategies. These rules
and strategies must be known if forest scosystems are to be understood
as dynamic entities.
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CHANGES IN VIAGIN SOILS CAUSED BY PINUS SYLVESTRIS

W H. Digmont, A.A. Mennega

Research Institute for Nature Management, Amhem, The Netherfands

Summary

A preliminary investigation was made of the accumulation and
breakdown of amounts of organic matter, total nitrogen, phosphorus
and potassium and of scil acidity in the litter (LFH} horizon, in
the A horizon and in the € horizen of inland stabilized sand dunes
located in the National Park de Hoge Veluwe, The Netherlands.

The study included sites, representing five stages in the develop-
ment of natural stands of Pinus sylvestris: 1. bare sands, 2. + 30
years old trees, 3. + 55 years old trees, 4. + 70 years old trees,
5. wind blown trees. The organic matter in the litter compartment
in the five stages was found to amount to 20-30, 40-70 and again
0 tDn.ha_lorganic matter respectively. In the litter and A horizen
a significant decrease of the pH was found with increasing age of
the stands. For instance, the pH H2D in the A horizon decreases from
4.6 in the bare sands to 2.1 in the 70 years old stand. In stage
5 most of the accumulated organic matter in the litter compartment
is mineralized, but only about 19% of the organic matter in the litter
layer is transferred to the mineral soil. Also most of the nitrogen
in the litter compariment is lost after the trees have fallen over.
The nature of the changes in vegetation and soil conditions is
discussed.

Keywords: Pinus sylvestris, litter accumulation and decomposition,
sandy scils, initial soil development.

Introduction

Little factual information is available about effects of a given
vegetation on soil properties and sail processes. Especially pertinent
information about soil modification by different tree species is scanty
(Stone, 1985).

The absence of reliable data is comprehensible since they should
be collected by direct observation of the effect of vegetation on
soil development through time., The indirect method, by examipation
of gpatial comparison of trees of different ages will only work if
the underlying proposition of the method that spatial variaticn between
soils is absent, can be st least substantiated. Subrecently stabilized
aeolian sand deposits may be expected to represent rather uniform
so0il conditions, at least at sites that have not yet experienced
spatial diversification by faoregoing generations of trees or by
differences in landuse in the past. Therefore, using the indirect
method, sites were selected in stabilized blown out sands without
substantial soil development. The sites included nearly bare sands,
sites occupied by spontaneously invaded Pinus sylvestris of different
age classes and sites with wind blown trees. It is assumed that the
sites represent a chronosequence, which allows to study the effect
of Pinus sylvestris growth on initial soil development.
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Materials and methods

Site description

Five sites were chosen in an area of approximately 8 ha in
stabilized blown out sands in the Otterlose Zand area of the
National Park de Hoge Veluwe in the centre of The Netherlands
as follows:

1. bare sands with some Corynephorus canescens and bryophytes

I1. + 30 years old trees of Pinus sylvestris

ITI. + 5% years old isolated trees of Pinus sylvestris

IV. + 69 years old Pinus sylvestris trees, scattered within site II
V. trees of Pinus sylvestris of site III, blown over in 1972

+

The age of the trees was detsrmined with an increment borer. Eight
trees were measured in site II and four in sites III and IV. Mean
age and standard error are given in table 1.

Table 1. Mean age and standard error of Pinus sylvestris
trees in different sites.

Site Il 11l 1v

Age 30(4) 55(4) 69(8)

Within the 8-ha area the bare sands (site L) and part of the wind
blown sites (site V) were selected on the basis of a vegetation of
gimilar floristic composition: Corynephorus canescens, Polytrichum
piliferum, Campylopus flexuosus and Cladonia species. In the other

sites the berbacsous layer was absent.

The soil development in the area is rather weak. Only a shallow
A horizon has developed and no groundwater is present within several
meters of the surface. The soils can be classified in the order to
entisols, i.e. mineral soils with very little development. Owing to
climate and absence of groundwater these sandy soils belong to the
large group of Udipsamments.

Methods

In all sites the litter layer (LF(H) horizon}, the A horizon and
the C horizen up to 15 em below the surface of the mimeral soil were
sampled. The layer was sampled by removal of the litter over a surface
of 0.25 mZ, Volumetric samples were taken from the mineral soil by
a 'root auger' with a diameterof 0.08 m to a depth of 0.15 m of the
mineral soil. In the field, the mineral sample was divided into an
A and C horizon. The litter of 0.25 mZ was weighed wet in the field
and a subsample was taken to the laboratory feor dfy weight determi-
nation and chemical analyses. In sites I and V, four samples were
taken at random, Four trees were selected in the sites III and IV
each, and eight in site II. Below each tree crown, samples of soil
compartments were taken at various distances of the trunk; 0-0.5 m,
1-1.5 m (sites 11, III, 1IV), 2~2.5m, 3-3.5 m and 4-4.5 m (sites III,
.
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All samples were air dried (90°C) and the bulk density of all mineral
so0il samples was calculated. Next, prior to further chemical work,
the samples of four trees, belonging to the seme soil compartment
and taken at the same distance to the trees, were mixed in siteg III
and IV. The same procedure was followed in site 11, but those eight
trees where split in Zx4 trees before mixing. The samples of site
I and V were not mixed. Chemical analyses included pH{H,0, KC1},
organic matter (by less of ignition), total nitrogen (N-Kjehldahl),
total phosphorus {digestion by 1:1 H,50, (96%), and HND, (65%),
molybdate reagent, measured optical éensitity at 680 mm and total
potassium (destructed in the same extract as phosphorus and measured
by AAS).

Calculations

So far, four chemical analyses of mixed samples in the sites TII
and IV were available, representing the four distances sampled toward
the tree. In site II only two distances were sampled but mixed samples
here camprised only four trees {out of eight) providing four analyses
as well. The four samples of site I were not mixed prior to analysis.
So in site I also four analyses of each horizon were available. There-
fore, the standard errors or coefficients of variation in the paper
are calculated from four snalyses each. Because of the variability
of the depth of the A horizon in and between sites, the amount-ocf
organic matter and N, P, K in the mineral soil (kg.ha-1) was calculated
for the A and C horizon to a depth of 0.15 m of the mineral soil.

Results
Changes in the litter layer

Litter accumulation (LF(H) horizon) is absent in the bare sands
with only some mosses {I). In the wind blown site (V} all litter had
disappeared in the period 1972 - 1982.

A general account on the amcunts of accumulated litter and N, P,

K {LF{(H) horizon) in sites 1I-IV is given in table 2.

Table Z. Mean values of amounts of litter {(LFH) and N, P, K below
Pinus sylvestris in different sites. (Estimate of the coefficient
of variation in brackets).

Site mean age 0.M. N P K

trees ton.ha ! kg.ha~l kg.ha 1 kg.ha t
11 30 ( 4) 6 (1) 130 { 200 5 (1) 6 (1)
111 55 (14) 77 (29) 1380 (500) 60 (18) 79 (22)
IV 69 ( 8) 40 (18) 790 (290) 34 (10) 46 (11)

Betwesn site II and sites ITI-IV the differences, also in tree age,
are significant (T-test, P<0,05), but not between sites III and TY.

Depth of the A horizon

In all sites hardly any development of soil horizon can be found,
but an initial A/C profile has developed within 10 cm depth of the
mineral soil. A significant difference in colour and depth was noticed
between the bare sands (I) and the sites with Pinus sylvestris. The
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colour (Munsell Colours) in site I is black (10 R2/1) and dark grey
(10 R4/1-10 R5/1) in the sites with Pinus. Also the depth of the
A horizon in site T (table 3} has increassd compared to the Pinus
sites, but within the Pinus sites no significant changes =sre seen.

Table 3. Mean depth of the A horizon in the sites.
(Standard error in bracksts).

Site Depth A-horizon
{em)

I 3(1)

11 a(1)

111 8(3)

IV 7(2)

V 5(3)

Soil acidity

The acidity of the litter layer, A and C horizon (up to 15 cm of
the mineral soil) for the sites I-V which are assumed to form =
chronosequence, are given in figure 1 (pH H,0) and figure 2 (pH-KC1}.
Both figures show trends for & decrease of ghe pH of all soil herizons,
proceeding from site I to site IV.

Changes in the mineral soit

VYolumetric soil samples of the mineral subsoil were taken to asses
the amounts of organic matter, nitrogen, phosphorus and potassium
in the mineral soil compartments. The amount of organic matter in
the upper 15 cm of the mineral soil of the sites is given in fiqure 3.
The increase of organic matter in site V compared to site IV must be
attributed to a transfer of organic matter from the litter layer (which
disappeared after the Pinus trees were blown by the wind) to the mineral
soil. The large variations indicated for site IV and V are mainly due to
the bulk densities within these sites; the trends indicated in figure 3
are only partly reflected on a percentage of weight base (table 4).

Table 4. Mean values (x) and standard erros of the organic matter
content on a dry weight base (%) in the A and C horizons of the sites.

sites I II II1 IV v

A horizon % 1.6 1.7 1.6 1.3 2.5
] 1.2 0.5 0.6 0.1 1.1

C horizon X 0.7 0.9 0.9 0.9 1.4
s 6.1 0.1 0.2 0.1 D.5




1 il 1 v A

x= LF
.- A
o=¢C

Fig. 1 pH H,0 in the litter layer, A and C horizons of sites 1-V.
Standard deviaticns originate from different sampling distances
to the trees within a site.

oH KCI
e

x= LF
*= A
e=C

Fig. 2 pH-KC1 in the litter layer, A and C horizon of sites I-V,
Standard deviations originate from different sampling distances
toc the trees within a site.
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Fig. 3 Amounts of organic matter (0.M. ton.ha_l) in the upper 15 cm
of the mineral soil in sites I-V. Standard erros comprise the
variation originating from the sampling distance toc the trees
within a site.

The trends in organic matter in the upper 15 cm of the mineral soil
(fig. 3) are not found in the amounts of nitrogen, phosphate or
poctassium (table 5).

Table 5. Amounts (kg.ha_l) of total nitrogen, phosphorus and potassium
in the upper 15 cm minreral sail (Standard error in brackets).

Site o.M, N P K
ton.ha kg.ha

1 20 486 (7 127 (36) 2003 (20)
i1 24 396 (60) 98 (20) 1673 (18)
I11 28 555 (15) 117 (22) 1896 (14)
Iv 29 479 (18) 91 (18) 1405 (11)
v 35 516 (22) 167 (20) 2221 (23}
Discussion and cenclusions ‘

An interesting fact in the wind blown site V is the reappearance
of a ground vegetation of Corynephorus canescens and mosses, a veg-
etation zlso found in the blown out sands (site 1) not vet colonized
by Pinus sylvesiris.

The eyclic change in the vegetation is also seen in the litter layer.
Like in the open sands, no litter was observed in the selected 'wind
blown' site, which explains probably the reappesrance of the ground
fiora of bare sands in the wind blown site.

Despite the cyclic change in litter accumulation after falling over
of the trees in site V, transfer of organic matter from the litter
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compartment to the mineral soil in time is evident from figure 3. -1
Especially the wind blown site V shows an increase of about 6 ton.ha
organic matter, ccmpared with site IV. At the time of the wind blowing
event the trees in site ¥ were about 57 years old (the trees have

the same age as those in site IV: 69 years in 1982; wind blowing
occurred in 1972}, If we assume a linmear relation between age and
litter acecumulation as suggested by the data in Ovington (1561, table
1), interpclation of the data of sites 11 and IV suggests (table 6}
that at the time the trees fell down about 32 ton.ha-i organic matter
was available in the litter layer.

Table 6. Assumed {see text) total amounts of crganic matter, nitrogen,
phosphorus and potassium in the litter horizon below the trees of
the wind blown site at the time of falling over (1972).

0.M. N P K
ton.ha~t kg.ha t ka.ha ' kg.ha L
32 639 27 37

In that case, about 19% (6 tDn.ha_l) of the litter was transferred
to the mineral soil (up to 15 cm depth). In table 7 the mean afounts
of N, P and in the mineral soil K in site I-1V are calculated from
data in table 5.

Table 7. Mean values of N, P and K’(kg.ha-l) in the upper 15 cm of
the mineral soil of sites I-IV and in site V.

Site N P K
I<g|.hz:|—l kg.ha_l |<g.|’1a_i

I-1v 479 108 1744

v 516 167 22721

If we compare the amounts of phosphorus and especially of potassium
in the mimeral soil with the relatively low amounts of thess elements
in table 6 it is cbvious that a transfer of P and K from the litter
horizon to the mineral scil cannot be detected. With regard to nitrogen,
however, it can be seen that the amount of nitrcgen in the litter
compartment (table 6} is of the same magnitude as the amount of nitrogsn
in the mineral soil (compartment) (table 7). Howmever, hardly any more
nitrogen is found in the minesral soil of site V compared to sites
I-1V. Therefore, it should be concluded that most of the nitrogen
stared in the litter compartment is lost from the soil system, after
falling over of the trees.

With respect to soil acidity it can be concluded from figures 1
and 2 that the pH drops in the litter horizon and A horizon as trees
grow older. This observation is in lins with the literature (Dickinson
& Pugh, 1974). After the trees fall down (site V) the pH tends to
increase. An increase of the pH is alsoc found after clear-felling
of the forest (Nykvist & Rosen, 1985),
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STUDIES ON GRGANIC SOIL PROFILES I : METHODOLOGY AND ITS APPLICATION iN THE HULSHORSTERZAND

H.J.B. Mettivier Meyer, J.W. van Berghem, J Sevink and J.M. Verstraten

Laboratory of Physical Geography and Seil Science, University of Amsterdam Amsterdam, The Netherlands

Summary

In this paper the general context and characteristics of studies on
organic soil profiles, as carried out by the University of Amsterdam are
discussed.

First, attention is paid to the specific position and development of
the organic profiies and the role aof soil forming factors are described.
The study has been carried out in five first generation Scots pine stands
of increasing age 15, 30, 55, 90, and 130 vears, all on recent drift sands
without antecedent soil formation.

It was found that evident differences exist between soils within the
chronosequence related to the various stands. Within the time-span the
increase of thickness of the organic profile and differentiation between
and development cf new organic horizons together with development of new
organic horizons together with development of a micropodsol are most
preminent.

Keywords: Organic profiles, humus profiles, humus, sandy soils, Veluwe,
Netherlands, multivariate analyses, Twinspan, succession, Pinus
sylvestris, micropodscl.

introduction

In the past, organic profiles (humus profiles) have long been neglected
by pedologists, in particular in The Netherlands, although studies on humus
and its role in plant nutrition and soil structure are old topics in seil
science. However, it is increasingly understood that knowledge about their
characteristics and genesis is essential for pedogenetic and ecological
studies of non-agricultural soils.

Organic profiles hold a pesition, which is intermediate between mineral
soil and edaphon. Its properties are strongly controlled by the input and
characteristics of the biomass (litter) and by the soil fauna and flora.
The system, as compared to mineral horizons, rapidly adapts to changes in
conditions.

Research on organic profile development and its pedological implications
is hindered by the fact that organic profiles, as observed in the field,
largely owe their characteristics to processes active in the past. These
prccesses were dependent on factors such as vegetation and drainage, which
may have rapidly changed in time, as well as on the antecendent soil
formation.

In general the number of factors and variables is too large to allow
quantitative statements on the genesis and characteristics of organic
profiles as dependent on substratum and vegetation. Such data are essential
prerequisites for genetic classifications of soil profiles, spplicable in
the field.
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The research of the FGBL of the UvA concentrates cn the genesis of
organic profiles as dependent on the factors parent material, time and
vegetation, with the aim to develop a genetic classification. Our
approach is to study field situations in which the number of variables
is limited and all relevant factors are well known. This implies that the
research is carried out on organic profiles, developed in recent parent
materials, without relevant antecedent soil formaticn, with a vegetation
of which management and age are exactly known and with a well defined
hydrology.

Current research projects

Thus far four situations have been studied.

Hulshorsterzand {Central Veluws): recent eolian sands of uniform
composition with first generation Scots pine stands. The stands‘arg
of different age. The herbal layers in the stands tepresent a distinct
vegetation succession.

Petrea {North Veluwe): pre-glacial sands of ice-pushed ridge.
Variables are:
- vegetation differentiation in a thirteen years old natural vegetation;
- substratum characteristics, i.e. uniform parent material with a
strongly disturbed podzol (variable antecendent soil characteristics}.

Bremerbergbos (Oostelijk Flevoland): recently reclaimed polder,
czlcareous marine-lacustrine deposits. Ornly one variable:
- vegetation (plantations of Raobnsta and Balsem Poplar, 27 years old).

Lepelaarsplassen (Zuidelijk Fleveland): recently reclaimed polder,
calcareous clays and sludge deposits under natural willow stands.
Only one variable:

- parent material.

This paper deals with the research on organic profile development during
the forest succession in the Hulshorsterzand area {Central Veluwe).

Data collecting and statistical approach

Both semi patural and planted forests in The Netherlands are divided
into parcels and often one or two species are planted or scwed in one
parcel. For decades this has been common practice in forestry. This
means that one might expect uniform development of the organic profile
under a uniform stand in one parcel. However, studies on organic
prafiles, like those in the Hulshorsterzand, face three major problems:
- variability in composition of the input of biomass produced by

different trees and different herbal layers;

- variability in quantity of biomass input related to the distance of
major litter sources (distance towards stem and canopy);

- variability in ecological conditions such as micraclimate.

These together results in a high variasbility of organic profiles at

microscale. This means that the study on the overall habitus of the

organic profile under different vegetation types e.q. parcels with

different stands and/or different species has to he carried out, using

statistical methods.
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In the Hulshorsterzand this approach was as follows:

In five first generation Scots pine stands of increasing age (15, 30,
55, 90, and 130 years), all on recent drift sands without antecedent soil
formation, sites were selected at random. At these sites soil profiles
were extensively described, using the Guidelines for Soil Profile
Description {FAQ/UNESCD, 1975) for the mineral profile and the system of
Klinka et al. (1981) for the organic profile. Klinka's descriptive system
is basically similar to that of the FAD/UNESCC. Vegetation at the sites
was also recorded. Data of the organic profile were statistically analyzed,
using standard methods as well as Twinspan, which is a computer-programme
for multivariate analyses currently used in ecclogical studies.

The collected data consist of:

- numerical properties like thickness cf the horizons. These were analyzed
using statistical methods like determining mean values of thickness and
standard deviaticn of recorded values within one stand;

- non numerical morphological properties like horizon designation,
character of boundaries, kind of material, fabric, roots, biota and
s0il flora. These were described and/or scaled into classes.

Here most attention will be paid to the statistical approach to the

non numerical properties. ,

The non numerical morphological field properties scaled in classes were
converted into coded data, in order to use these as input for Twinspan.
Property, class of the property (sub-property) and the horizon symbol
were -combined in one binary code which is related to field conditions
in one of the five stands. This means for instance that a descriptive
property like the form of a boundary of the F-horizon, scales into
smooth, wavy, irreguiar or brcken. The use of classed properties results
in a strongly increasing number of sub-properties in the Twinspan
programme.

The Twinspan programme has been used to identify relations between
morpheclogical characteristics and organic profile succession. It compares
all properties with the five stands. To do so frequencies for each sub-
property are calculated for each stand. This means that the initial
number of site characteristics is reduced to a new set of attributes for
each of the different stands. The frequences of the sub-properties are
split up into three 'cutlevels': 0-25%, 26-50%, 51-100%, giving a high
and stable quality of classification. The cutlevels are retrieved as
1, 2, 3 in the output of Twinspan (see figure 1). The structure of the
autput resembles that of the Braun Blanquet method.

Figure 1 shows a dendrcgram of the cutput of Twinspan. At each level
preferential and non preferential properties, e.g. the differentiating
criteria, were determined and resulted in a split up intc 7 levels. The
first three levels show the ranking of the five stands. The other 4 levels
show the grouping of properties within one stand.

the ranking of the stands, although obvious in the field, is done
without the numerical data on the sites as well as without data on sub-
properties occurring in less than three stands. This means that there
are also certain morphological properties which are exclusive for one
stand.
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fig. 1. A dendrogram showing differentiating properties of the arganic
profile related to the different stands of Scots Pine in the Hulshorster-
zand area. On the left side the codes of the properties are listed.

RTS LV means that Roots abundance {(RTS) in the Lv horizon in the 130 year
old stand is very few (VF).
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Discussion of results

The Twinspan analyses show that clear differences in non numerical
properties exist between the various stands, closely related to
differences in age. These results, which will not be dealt with in
detail here, are in conformance with the results of the statistical
analyses of the numerical properties. The latter are as follows:

The chronosequence exhibits a strong increase in thickness of the
organic horizon as well as a clear differentiation in time. Soil
horizon development and differentiation in the mineral profile is
less pronounced and is restricted to the development of a micropodzol.

The organic profile:

In fig. Z the "standard soil profiles” for each of the stands studied
are indicated, with mean thicknesses of specific horizons within
a stand. To the right the thickness of the various organic horizons at
the sites studied is presented in & frequency diagram. This diagram
provides essential informaticn on the variations in thickness of the
horizons within the parcels. Mean thickness of the various organic
horizons is also indicated in table 1 with, in addition, the standard
deviation and the number of profiles studied.

Table 1. Mean thicknesses of the organie horizons with their standard deviation of the
various Scots Pine atands.
n* = number of soil profiles.

n* Lo Lv Fg Fa Hr Hd
15 years (12) 7(3) 14 (7) 10 (&)
30 years (20} 13 (&) 22 (16) 26 (13) 11 (5)
55 years (26) 21 (8) 15 {7} 52 (23) 45 (8) 13 (5)
90 years (29} 20 (10) 15 (7) 56 (22) 31 (32) 17 (7) 15 (5)
130 years (29} 20 (13) 18 (8} 49 (22) 26 (19) 16 (10) 16 (12)

The first conclusion which can he drawn is that the thickness of the
crganic profile strongly correlates with the age of the stand. Its strong
increase from 30 to 55 years, however, needs some comments. The 15 and
30 years old stands are spontaneous pine gtands, whereas the 55 years old
stands has been planted. In its initial stages the latter stand had a
denser tree stand.and a higher biomass production, which may have resulted
in a more rapid development of the organic profile. Secondly, Deschampsia
flexuosa, when abundantly present as is the case in the older stands,
seems to induce the development of a relatively thick organic profile.

As regards the thickness of the litter layer, eguilibrium secems to be
reached in about 55 years. It should be stated that in the younger soils
{15 and 30 years) the thickness, compositon and bulk density (related to
the composition) are quite variable, whereas in the older soils these
are rather uniform.

The thickness of the fermentation layer, discontinuous in the 15 years
old stand, rapidly increases with increasing age. Its considerable and
rather uniform thickness in the 55 years stand is probably connected
with the sbundance of Dechampsia flexuosa. The slightly decreasing
thickness of the F horizon in the older stands might be connected with
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a lowered vitality {lower litter production) of Deschampsia with

increasing age, in combinaticn with the introduction of spesciss with

a biomass production, which is lower and/or of a different composition.
Vegetation in these older stands becomes more differentiated. Frequency

distributions of thickness in the 55 and 90 years old stands are close

to normal. However, in the-130 years cld stand a bimodal distribution

was found, strongly correlated with the rather differentiated herbal

vegetation: thinner under Deschampsia and thicker under Empetrum and

Vacecinium.

H horizons were first encountered, as discontinucus pockets, in the
30 years old stand. In the 55 years old stand locally a thin Hr harizon
was found, mainly in pockets, but Hd horizons were not observed. In the
older stands (90 and 130 yesrs) the H horizon is continuous and its
thickness oniy slightly increases in time. Observations in 300 years old
pine stands elsewhere in The Netherlands show that equilibrium will only
be reached after a very long period of Cime.

The mineral profile:

All scils studied are well drained and can be classified as wvague
soils ("duinvaaggronden™).

In fig. 2 the "mean mineral profile" in the various parcels has
been indicated. With respect to the horizon designation used the
following needs to be stated:

- The £ horizon

The drift sands contain a small amount of iron, which is present,
together with a little clay, as thin coatings around the sand grains.
Horizons, immediately underneath the organic profile, which lack these
coatings and have a bleached appearance, have been described as E
horizans. Whether iron indeed has been eluviated or is still present,
but tound to organic matter, has not been established.

- The B and BC horizons

Underneath the E horizon a weakly developed B nhorizon is present.
When having a slightly redder hue and stronger chroma than the parent
materiasl, due to slight illuviation of iron (together with organic
material), but lacking soil structure, this horizon has been described
as a BC horizon. In case that soil structure, although wesk, is observed
which is accompanied by a more distinct difference in hue and chroma,
such horizon has been described as a B horizon.

Figure Z shows that with increasing age the thickness and develop-
ment of the mineral profiles increases. The thickness of the £ horizon,
however, hardly incresases with age. Contrasts between the various
horizons, not indicated in this figure, on the contrary, reqularly
increase with age. This indicates that the presence of an E heorizon,
as defined sbove, not necessarily implies a vertical transport of iron
c.g. slight podzolisation. In fact mineral profiles with a B horizon,
which represent distinct micropodzals, were only encountered in the
130 years old stand.
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Gonclusions

Lach of the stages in a vegetation succession has a specific impact
on the environment and therefore strongly determines the development
and character of organic profiles. However within a stand which
represents a specific succession stage the effect of other factors
such as geomorphology, exposition and local vegetation becomes prominent
and causes a large variability in organic profiles characteristics.

This means that it is difficult to identify those properties which
characterise a specific stage within a vegetation succession.

The results show that horizon sequences together with thicknesses of
individual horizons differentiate, to some degree, for soil profiles
in stands of different age. For profiles with a similar hcrizon sequence,
the Twingpan programme allows the identification of propertiss of
individual master horizons, which characterize the individual stands.
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Summary

Changes in scil profile morphological characteristics related to stand
age of Scots pine, on well drained recent active eolian sand dunes, were
found to be claosely correlated with a number of relevant soil chemical
and soil physical properties.

The conductivity (Ec) of water extracts within the various harizons
decreases with time and depth. A sharp boundary exists between the
organic horizons with high Ec values and mineral horizons with relatively
low Ec values. This Ec pattern has a striking coincidence with the dis-
tribution of rootmass and thus with the uptake of nutrients in time and
space, by Deschampsia flexuosa. The varicus pH curves clearly indicate
that a steady state equilibrium is not yet reached within the upper organic
horizons and that in near future pH values will further decrsase.

The decrease of C/N ratio of the organic horizons with time must be
ascribed to the resultant of a} residual accumulation of primary organic
matter with high C/N values and b) the overruling effect of fixation of
nitrogen in secondary newly formed organic substances with relatively
low C/N ratio.

Keywords: Organic profiles, humus profiles, humus, Veluwe, Netherlands,
multivariate analyses, succession, Pinus sylvestris, humific-
ation, mineralization, rootmass, bicmass, sandy soil.

Introduction

As described in the paper "Studies on organic profiles I morphological
properties of organic profiles under Pinus sylvestris stands in the
Hulshorsterzand were found to change strongly in time and to be closely
related to the age of these stands, which form a vegetation succession.

Although the characteristics of organic profiles are related to vege-
tation succession, it is clear that the profile itself exerts considerable
influence on the nature of the succession of (semi) ratural vegetation.
Most seeds for example, germinate in the organic horizons and changes
in ecological conditions within these horizens will have effect on their
germination. Of particular interest is therefore what changes occur in
physical and chemical properties of organic profiles and for what reasons
and, furthermore, how plants react on these changes.

One of the aims of our research on organic profiles is to establish
whether a relation exists between the morphological properties, as ob-
served in the field, and the ecological characteristics. Some results
of such research in the Hulshorsterzand are presented here.

In order to prevent confusion the terms used in this paper for the
description of organic matter will be briefly elucidated. "Biomass" com-
prises all corganic matter present in the profile and consists of living
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organic matter (fauna, flora and roots} and of dead organic matter. The
latter comprises the litter and all kinds of transformed organic materisal,
generally referred to as humus, Several authors use the therm humon for
the dead organic matter in the soil profile and, in analogy, the term
"humomass' 1is used.

Analyses and results

In each of the Pinus sylvestris stands (30, 55, 20 and 130 years old)

one soil prefile has been sampled. To cope with the internal variability
of the different stands and the related variability in soil properties,
sampling sites were located under the middle of the largest branch of g
tree, Care was taken to sample sites with similar exposition and geo-
morphology. The profiles thus selected, with respect to their morphology,
strongly resemble the "standard profile" of the stand. Crganic horizons
were sampled by collecting a1l material within a square, of which the
surface area is known, thus enabling the calculation of their bulk density
and dry weight per unit surface area. Mineral horizons were sampled by
normal methods {(bulk samples and pF ringsJ).

The following analyses have been carried out:

Total bicmass of the organic horizons (figure 1) and within sach horizon:
Biomass and rootmass, pH (HZD) and pH (Calls ) in 1:5 solutions {figure 4),
conductivity (Ec 259 C) and dissolved NHy* &nd NOz- in 1:10 extracts of
organic horizons and conductivity (Ec ZSUC) in 1:7 extracts of mineral
horizons. Total nitrogen and carbon of the organic matter (figure 7) and
loss of weight by 500°C.

Discussion

In figure 1 total biomass of the profiles analyzed is plotted against
the age of the stands. The curve flattens zfter 90 years, which implies
that the accumulation of organic matter slows down after this period.
The decrease in biomass accumulation after 90 years, in so far as biotic
factors are concerned, can be due to 1) changes in the quality and
quantity of the litter input, and 2) changes in the guality and guantity
of the biomass input by roots.

As can be seen in figure 2, biomass expressed in kg/m and horizon
thickness in cm, the biomass of the litter horizon is rather constant or
even slightly increases,which indicates that quantity of litter input
remains rather constant. Tts quality, which is reflected by the C/N ratio
of the litter, ranging from 30 in the youngest stand, via 30 and 29, to
28 in the oldest stand, seems rather constant too, see figure 7. Apparent-
ly, changes in the input of biomass by roots and their quality are at
leagt partly responsible for the decrease in biomass accumulation after
90 years. This is strongly supported by the anmalytical dsta, as will be
discussed below.

Rootmass of each herizon in g/m together with biomass in kg/mé is pre-

sented in figure 3a., The density {I) of the rootmass, for Fa and Fg
horizon, expressed as the ratio rootmass/biomass versus age is presented
in figure 3b. It must be stated that, for some L hcrizon, the separation
of herbal vegetation from the roctmass is problematic. The high rootmass
of such horizons is partly due to these problems and therefore not plot-
ted in figure 3b.

The averall rootmass of the organic profiles, teble 1, shows that,
within the organic profile, an optimal rootmass within the whole soil
profile occurs in the 55 and 90 years old stand, and that rootimass
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spectacularly decreases in the 130 year old stand.

Table 1. The overall rootmass of the organic profiles.

30 years 135 g/mZ
55 years 754 g/m’

50 years 762 g/m2
130 years 289 g/m2 with a relatively high rootmass in the B horizon

The distribution of rootmass over the different horizons, figure 3a,
ghows that the depth of the aptimzl rcotzone increases with time. With
regard to the individual horizons, the pattern in the Fg horizon is most
striking. As can be seen from figure 3b and table 2 roct density within
the Fq horizon varies the most. Root density as well as rootmass increases
with age until approximately 90 years. After that pericd, within the Fq
horizon, rootmass decreases and biomass- strongly increase. Roots, in the
130 years old stand, azre randomly distributed through the Fq, Fa, Hr and
mineral horizons.

Table 2. Rootmass and hiomass of the Fg horizaon. ;
age of stands 30 55 90 130 vyears

rootmass Fq horizon 29 170 378 235 g/m?

biomass Fg horizon 823 1323 1819 8944 g/m2

The vitality of the dominant herb, Deschampsis flexuosa, in the 90 years
cld stand has already diminished and this herb, in the 130 years old stand,
is replaced by a much more varied herb vegetation with abundant Empetrum
nigrum. This coincidence, in the Hulshorsterzand is striking!

To which extent the change in vegetation can be ascribed to a gradual
change in organic profile characteristies, in favour of the development
of a more varied and deeper rooting herbal vegetation, or is an autono-
mous process in the vegetation is not clear. However, the chemical data,
to be discussed later on, are strongly in favour cf the first,

The statistical analyses of the field data (see table 3) confirm the
tendencies observed in the profiles analyzed. This table shows the root
abundance at random sites within the five different stands in the Huls-
horsterzand. The classes represent counts of roots within a fixed area
(Klinka, 1981).

Table 3. Roots abundance. no=ncne/ fe=few/ co=common/ ab=abundant

15 30 55 20 130 year
L fe fe fe fe fe
Fg fe fe co/ab ab ab
Fa no ca co co ab
H ca co
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Fig. 6. Ec 25°C plotted against NH cancentration (umol/1) of the varicus
horizons, of the four profiles under Pinus sylvestris, related to the age

of the stands.
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Fig. 7. C, N {weight %) and C/N ratio's of the various horizons, of the
four profiles under Pinus sylvestris, related to the age of the stands.

91



The conductivity {Ec) is a measure for the availability of nutrients
to plantgrowth. It is dependsnt on the mineralization and humification of
organic matter. Figure 5 clearly shows a decrease of Ec with depth and
a sharp boundary between the organic horizons, with relatively high Ec
values, and the mineral herizons with relatively low Ec values. These
figures illustrate that within the soil profiles two totally different
zones exist: The organic zone with a high rootmass (uptaks of nutrients)
and the lower mineral zone. This chemical zonation is reflected, in the
field, by sharp boundaries between the mineral and organic horizons.

As stated befcre, the C/N values of the litter horizons are rather
invariable. However, the differences in Ec 25 wvalues between the various
litter horizons suggest that some changes in the chemical composition of
the litter cccur. This can be expected in view of the changing composition
of the herbal layer.

In figure 6, the Ec 25°C is plotted against NH, ¥ concentration in mmolf
liter. It Clearly shows that Ec is positively correlated with the NHg™*
concentration. NOz- is low and slightly increases with depth to a maximum
of 16 micromol/liter within the B and C horizon., In these horizons the
ratic NHg, */ND-~- roughly equals ane. The data indicates that mineralization
of organlc magter results in the preducticn of NHz, which reacts with H+
to NHaT. This explains the relatively high pH and Ec of the litter horizens,
see figure 4. The uptake of NHy* by roots, together with nitrification
{relatively insignificant), produces H* iocns. This uptake happens in the
lower organic horizons {see root distribution discussed above) and results
in lowered pH and Ec values of these horizens (see figure 4 and 5).

In the mineral soil pHincreases with depth, as can be expected because
of its low rcotmass, its balanced NHa+/N03— ratio and its acid buffering
capacity.

Figure 4 shows the change of pH within similar horizons, related to the
age of the stands. The curves clearly indicate that a steady state
equilibrium is not yet reached and that in near future pH values of the
upper organic horizons will further decrease. The coincidence of the
relatively strong decrease in pH and the disappearance of Deschampsia

flexuosa between approximately 90 and 130 years, indicstes that further

acidification strongly reduces competitive vigour of Deschampsia!

An interesting phenomenon within the Fg horizon is the positive cor-
relation between the Ec 25 and the C/N ratic, which decrease with in-
creasing age of the stand (see figure 8). In the 30 yesr old stand

45 30y
< 37
Z
G 90 55

30 - e .

23] 130

2235 2055 3675 4395
EC FO

Fig. 8. The relation between C/N ratio and Ec 25 within the fq horizons
related to the age of stands. '
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biological and root activity is low; fixation of nitrogen within newly
formed organic material therefore must be in time, as biological and
root activity increases, nitrogen fixation increases proportionally. The
overall result is a decrease in the C/N ratio. The concurrent decrease
in Ec, as stated before, must be ascribed to the uptake of nutrients by
the vegetation and by newly formed humic substances.

These conclusions are in accordance with data on droppings abundance of
randem sampled soils within the different stands {table 4). Droppings
abundance is known to be correlated with biological activity and thus
with the uptake of nutrients. Droppings abundance clearly shows an in-
crease in faunal activity in the Fq, Fa and H horizon with time as well
‘as from the upper to the lower horizons.

Tahle 4. Droppings abundance. noznope/ Tezfew/ cozcommon/ ab=abundant

15 30 55 90 130 year
L fe no/fe no no no
Fq fe fe/co fe fe fe/co
Fa fe co fe/co co ca
H ab ab

Conclusions

Changes in profile morphological characteristics were found to be
closely correlated with a number of relevant soil chemical and soil
physical properties, These properties are indicative for the nutrient
cycling and uptake and for the mineralization and humification of
organic matter. Most indicative appeared to be the root system and the
faunal activity in the soil. These are frequently neglected in pedological
and biological studies.

Field surveys on root systems, faupal activities and related scil pro-
perties were found to be usefull to establish the changes in the ecological
conditions in soils within a vegetation succession. These may provide the
essential basis for an ecological organic profile classification.
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STUDIES ON ORGANIC SOIL PAGFILES MI: SOIL DIFFERENTIATION UNDER POPLAR AND WILLOW STANDS IN THE
FLEVOPOLDERS

J. Sevink, J.W. van Berghem, M.J.B. Mettivier Meyer and J.M. Verstraten

Laboratory of Physical Geography and Seil Science..University of Amsterdam, Amsterdam, The Netherlands

Summary

Forest plantations in the Flevopolders, reclaimed during the fifties,
offer very good possibilities for studies on the relationships between
the factors vegetation, parent material and time and the initial soil
formation, in particular the development of the organic profile.

Preliminary research was carried out on two poplar stands (Robusta and
Balsam}, both 27 years old and on similar parent material, and on two
natural willow stands, both 17 years old, but on different parent materials
{sandy versus clayey). The soils, although very recent, shows marked dif-
ferences in profile morpholcgy as well as in chemical characteristies.
"Robusta soils" and "clayey willow soils" exhibit for example less acecu-
mulation of organic matter, stronger nitrification and a higher nutrient
gtatus, These phenomenz can be ascribed to differences in the rate of
mineralisation/humification of the litter.

In case of the willow stands, the differentiaticn is most probably due
to the less favourable soil physical conditions in the sandy soils. The
differentiation in the "poplar soils", however, seems tc be due to differ-
ences in litter characteristics, in particular their edibility.

Keywords: Humus profiles, marine deposits, nutrient cycling, poplar stands,
willow stands.

introduction

East Flevoland has been reclaimed in 1935 and South Flevoland in 1968.
It is therefore not surprising that soil development in these polders is
still in its infancy: Lesching, weathering and accumulation of organic
metter have only just started and seil ripening is often still incomplete.

The Flevopolders are particularly suited for studies on the effects of
vegetation, parent material and time on initial soil development, in par-
ticular on the development of organic seoil horizons, The main reasons for
this are that the vegetational history is exactly known and that a large
variety of forest plentations and parent materials occurs. Drainage, fur-
thermore, is strongly controlled and antecedent soil formation is com-
pletely lacking. .

Preliminary investigations on the organic profile development, of which
the first results are presented below, have been carried out at two sites:
the Bremerbergbos and the lLepeslaarsplassen. A more systematic study into the
organic profile development of forest soils in the Flevopolders started
in summer 1985.

Site chafacteristics

In the Bremerbergbos soils on similar parent material and with similar
drainage, but under different types of poplar plantations (Robusta and
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Table 1. Organic matter contents in weight % (upper part) and densities
in kg/m3 {lower part).

Bremerbergbos Lepelaarsplassen
Paoplar

Robusta Balsam ' Willow 1 Willow 2

L 58.9 L 77.4 Ll 9.0 L 84.3

Ahl 10.2 F 50.0 L2 38.7  Ahl  25.5

Ah2 5.0 F+A 22.5 A 5.8  Ah2 9.4

Bwlk 2.1 Bwl 2.3 B 5.8 Bwl 9.8

Bw2 4.5 Bw2 2.2 BwZ2 8.3
Bw3 4.1

L 67 L 37 L1 99 L 32

Ahl 100 F 41 L2 91 Ahl 174

Ah2 1150 F+A 212 A 784  Ah2 167

Bwlk 1310 Bl 1240 Bw 870  Bwl n.d.

Bw2 1310 Bw2 1240 Bw?2 n.d.
Bw3 1240

Balsam), were studied. Both stands sre 27 years old. The soils are de-
veloped in calcareous silt loams (top so0il) to silty clay loams (deeper
than 30 cm}, overlying coarse sands (see also figure 1). Subsesquent on
its reclamation, buf prior to being planted, the parcels have been used
for dgriculture for a period of 5 ysars and at that time have been fer-
tilized (mainly N-fertilizer). In the szme period the "balsam parcel”

-has once been treated with insecticides.

In the Lepelaarsplassen soils under two natural willow stands, about 15
years old, but on different parent materials were studied. The stand
"willow 1" is on a thin sludge deposit with a texture of sandy clay loam,
overiying deposits with a texture of clay loam. "Willaw 2" lacks the
sludge deposit and is directly on the clay loam (see also figure 1).

Field observation showed that marked differences exist in profile devel-
opment, in particular of the organic profile, between the different stands
in both Bremerbergbos and Lepelaarsplaseen: Balsam poplar and "willow 1"
exhibit a stronger accumulation cf corganic material and a more pronounced
horizon differentiation. In each stand a characteristic profile was des-
cribed and sampled for further analyses,

Analyses and results

In figure 1 the soil herizons of the four profiles analyzed are schema-
tically indicated. The soil horizens are according to the Guidelines for
Scil Profile Description (FAD/UNESCO, 1975) and to the system of Kiinka
et al. (1981).

General data on the sail profiles are presented in figure 1 {carbonate
contents and grain size distribution) and in figure 2 (C and N contents,
C/N ratios and pH values). Organic matter contents and bulk densities are
listed in table 1. Compositicns of soil water exiracts are presented in
table 2 and are expressed in mmol/100 g dry sample. The amounts of water
solubie Ca, Mg and K, expressed in mmol/m“ per cm scil as well as total
amounts per soil horizon are presented in figure 3, 4 and 5. In figure 6
values for water soluble NO3-, NH, + and org. N are presented.
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Fig. 1. General data on the soil profiles studied:
Left: Soil horizons and carbonate contents.

Right: Grain size distribution (fractions <2
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fig. 3. Water soluble CaZ expressed in mnal/m? per cm soil and total
i amounts in mmol/m2 per soil horizon.
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Fig. 4. Water soluble Mq2+ expressed in mmol/m2 per cm scil and total
amounts in mmol/mZ per eoil horizon.

Discussion

The general data confirm the field observations: The soils with stronger
developed organic horizons (Balsam and willow 1) indeed exhibit a more
pronounced accumulation of C and N and, under poplar, a distinctly higher
C/N ratio. .
The poplar stands

The.Balsam poplars, as compared to the Robusta poplars, exhibit a more
vigerous growth, However, although some related differences will exist in
biomass input and in elemental composition of the input in the poplar
J stands, these cannot account for the observed differences. These must
; primarily be ascribed to differences in the rate of mineralization and

humification as well as in the faunal and microbial activities connected
with these processes.

Field svidences for a stronger faunsl activity under Robusta poplar
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are the weak horizon differentiation and well developed fine crumb struc-
ture of the Ah horizons , which in the soil under balsam is, respectively,
strong and weak ccarse angular blacky.

Indications for a more retarded breakdown of litter into humus and a
lawer level of nutrient cycling under the Balsam poplar are also found
in the soil water analyses: Water soluble N, K, Ca and Mg (i.e. kg/m3)
are lower. Furthermore, organic N is the dominant N speecies and N0z- 18
low, indicating that N-mineralization and nitrificaticn are somewhat
retarded. These data slso point, for the Robusta poplar, to a massive
mineralization and release of nutrients in the Ah2 horizon, which in fact
is the main rooting horizon, whereas under the Balsam poplar a much more
reqular distribution and lower level are observed.

Lower rates of mineralization and humification under the Balsam poplar
should lead to stronger accumulation of crganic C and N, i.e. to higher
total amounts of crganic € and N, expressed in kg/mz. Unfortunately the
initial organic matter content of the sediment is relatively high and
as a result only a rough estimate of the amount accumulated can be ob-
tained. Taking as a measure all organic matter in the L and Ahl horizons
of the "Robusta profile" and in the L, F and F+Al horizong of the "Balsam
profile", these values are 0,65 kg C and 0.034 kg N per m“, and about
1.2 kg C and 0,048 kg N per m2 respectively.

As regards the water soluble P contents, these are clearly controlled
by their solubility in calcareous media and thus, except for the organic
horizens, are invariably low.

The poplar percels, prior to being afforested, have been managed in
different ways {(fertilization and insect contrecl). It is, hoewever, ex-
tremely unlikely that these differences in management practices had more
than very temporal effects, i.e. only on the very initial orgasnic profile
development. The atmospheric input of N over the past 27 years, for
example, exceeds by far the amounts added as fertilizer. Furthermors,
levels of water soluble phosphate show little variation between the stands,
except for organic P content, which is controlled by the characteristics
of the orgsnic matter. It is therefore concluded that the differences in
preafforestation management played an at most very insignificant tole in
the genesis of the soils studied. Lastly, in the field no indications

depth ROBUSTA PCPLAR BALSAM POPLAR WiLLOw 1 wiLLow 2
e ; N L
Aht 12 £ o L2 - Ant
a
F+p Ah2
5
g AR2 203 A R
B
® Bw 5
% Bw1 e
w  BW 86
1Y
28 X
Bw2 22
2 Bw2
5
6 ]
3 “% |
40 cm

Fig. 5. Water soluble K* expressed in mmol/m? per cm soil and total
amounts in mmol/m2 per soil harizon.
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were found for differences in soil fauna composition, other than related
to differences in soil conditions, egrthworms being present at both sites.
Given the constancy of all soil fgfming factors, but the vegetation, the
already quite considerable leferenﬁes {in 27 years) in humification,
mineralization and nutrient cycling can Unly be ascribed to differences
in litter characteristics, in partlcular in their edibility for the soil
fauna. It is not excluded that such Jower edibility has to do with the
"exotic" origin of the Balsam poplat.

The willow stands

The soils under the willow stands exhibit similar phenomena: £ and N
accumulation, horizon differentiation and soil structure are closely
related to each other and are most expressed in Willow 1. Estimation of

Tahle 2. Composition of soil wster extracts expressed in mmol/100 g dry
sample.

Robusta poplar, Bremerbergbos

Horizon
ND2 org ortho org

K Ca Mg NHa NIJ3 N P p SU& H003
L 0.28 5.48 1.71 5.30 0.00 &.56 1.49 1.17 0.85 6.74
Ah1 0.29 1.2} G.13 0.10 G.31 0.2 0.93 0,03 0.01v 1.47
Ah2 0.19 1.00 0.07 0.05 0.08 Q.12 0.00 N.D. 0.01 0.10
Bwl 0.05 0.23 0.03 0©.0¢c 0.00 Q.03 0.C0 0.00 0.02 O0.42
Bw2 0.03 0.26 0.04 Q.00 0.00 0,03 0.00 0.00 0.04 0,48

Balsam poplar, Bremerbergbos

L 2,30 4.18 1.27 2.29 0.02 3.74 1.40 1,29 0.69 3.51
F 0.91 1.76 0.41 0.76¢ 0.47 0.98 0.21 0.31 0.18 3.51
F+A 0.04 0.97 0.19 0.29 0.17 n.d. 0.02 n.d. 0.04 1.96
Bwl D.05 0.25 0.03 0.01 0.0 0.06 0,00 0.00 0.C1 O0.47
Bw2 ¢c.03 0.23 0.04 0.00 0.00 0.03 0.00 0.00 0.03 0.40
Bw3 0.03 G.26 D0.05 D.00 D.00 D.04 0.00 0.00 0.05 0.32
Willow 1, Lepelaarsplassen

L1 .15 3.02 1.61 3.21 D0.81 3.36 1.19 0.50 0.29 5.25
L2 0.81 1.1%5 0.52 0.60 0.79 1,19 0.38 0.07 0.27 1.38
A 0.13 0.3 0.06 0.01 0.14 0.08 0.00 0.00 Q.02 O0.57
B ¢.0 0.30 0.04 0.00 0.10 0.07 0.08 0.00 0.03 0.52

Willow 2, Lepelaarsplassen

L 0.46 5.88 1.92 8.29 0.07 %.94 2.45 1,27 0.87 6.36
Ahl 0.05 1.09 0.53 D0.23 0.00 0.55 D0.02 0.06 0.07 2.24
Ah2 0.11 0.50 0.09 9.01 0.18 0,13 0.00 0.00 C.03 0.79
Bl 0.6 0.44 0.08 0¢.00 0.15 ©.15 0.00 0.00 0.G5 0,60
Bw2 0.05 0.52 0.08 0.01 0.13 0.4 0.00 0.0l 0.07 0.70
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the amount of C and N accumulated leads to the following values: 1.7 kg C
and 0.082 kg N per m? for the L horizons of "Willow 1" and G.8 kg C and
0.045 kg N per m? for the L + AhL horizons of "Willow 2".

The contents of water soluble elements expressed in mmol/m c.g. mmol/m?
not only depend on mineralization and humification rates but also on
texture (for example adsorpticn by clay) and bicmass input and as a con-
sequence are difficult to interprete. The data in table 2, combiped with
those in the figures 3-6, however, rather clearly indicate that mineral-
ization and nutrient cycling is more prominent in the soil of willow 2,
in accordance with tendencies discussed above.

As can be seen in figure 1 strong differences exists in texture of the
superficial parent material. Therefore some quantitative differences in
biomass production between the two stands is to be expected. The sludge
deposits characteristically have very poor physical properties, such as
low porosity and low penetrability for soil fauna, which are due to their
wmode of deposition, It is therefore highly probable that the differences

depth ROBUSTA POPLAR BALSAM POPLAR

Bw1

Bw2

32 . Bw2

38

Bw3

) EL

concantration mmolf
P m

WILLOW 2

Fig. 6. Water soluble NHi*, NO3™ angd organic N expressed in mmol /m per
em so0il and total amounts in mmol/m® per soil horizon.

in development and characteristics between the two soils are due to the
rather adverse conditions for soil fauna in the sludge deposits, rather
than to differences in biomass production.
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Conclusions

The research showed that within a few decades minor differences in
vegetation or parent material may already lead to clear differences in
development and nutrient status of soils. Further research should be
carried out on the effects of such differentiation on soil genesis and
on forest succession and production, and its results could be applied
in the management of forest plantations in the polders.

The differentiation is clearly reflected in the organic profiles, as
abserved in the field. Therefore, field surveys of organic profiles can
serve to rapidly establish major trends in soil development and in nutrient
cycling,
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CHEMICAL INFLUENCES OF TREE LITTERS ON HERBACEOUS VEGETATION

A.T. Kuiters, K. van Beckhoven and W.H.0. Ernst

Department of Ecolegy, Free University, Amsterdam, The Netherlands

Summary

The effect of freshly fallen litter of beech, cak, birch, pine or
larch added to scils on the establishment and growth of herbs and
grasses was investigated under experimental conditions. Mortality
during the first four weeks was high on many of these litter-soil
mixtures, but was lowest in humus rich soil. Growth was also
geverely affected. Litter of beech completely inhibited growth of
the plants and litter of cak, birch and pine caused growth reduction
to a certain extent. Litter of larch had no inhibiting effects. The
two grass species Milium effusum and Holcus lanatus were less severely
affected than the two herbaceous species Scrophularia nodosa and
Senecio sylvaticus. After 4 months most of the growth inhibiting
effects had diminished. Inhibiticn persisted only on beech litter.
Soil analyses strongly suggested that inhibition could be explained
by release of organic compounds from litter material. These results
are discussed in view of their significance for processes in forsst
dynamics.

Keywords: Litter-fall, decomposition, phenolics, herbaceous vegetation.
Introduction

In forest ecosystems trees highly influence site characteristics,
not only physically in terms of light, temperature and water but alsc
chemically. They produce large amounts of litter material which is
deposited on the soil. By processes of decomposition and humification
these substances are broken down and recycled in the form of nutrients,
or are changed into more stable humus compounds. In general this
signifies an amelioration of soil properties such as nutrient status
and scil structure {Scheffer and Ulrich, 1960}. However, there are
indications that litter deposition can have negstive effects con the
ground vegetation (Bublitz, 1953; Winter und Bublitz, 1953; Rice,
1974; Leibundgut, 1976; Blaschke, 1979). During the first stage of
decomposition many organic compounds are released from litters
(Kuiters and Sarink, 1985) that can highly diminish plant growth.
There are indications that phenclic compounds, precursors in the
forming of humic substances, are highly responsible for these effects
(Lohdi, 1978; Blaschke, 1979; Fisher, 1980). Many authors have
stressed the importance of chemical interference by the release of
inhibiting substances from the litter of trees and ground vegetation
for succession processes in woodlands (Rice, 1974; Schiitt et al.,
1575; Zukrigl, 1983; Erpst, 1983). In this study we compare the
capacity of different tree species for the release of organic
substances from their litter and how this influences herbacecus
vegetation.
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Materials and methods

Freshly fallen litter material was collected in autumn (8 november,
1984) at a woodland site near Baarn (The Netherlands} on an acid,
strongly podzolized sandy soil with pH 3.0-3.5. The material was
callected randomly in more or less homogeneous plots of beech (Fagus
sylvatica L.), oak (Quercus robur i.), birch {(Betula pendula Roth.},
pine {Pinus sylvestris L.) and larch (Larix decidua Mill.). The litter
was dried, roughly ground and mixed through scil. To determine the
influence of humus content, two soil-types were used: a mixture of
gardenscil/sand, ratio 4/1 or 1/4 (v/v), here being defined as an
organic soil resp. a mineral soil., Potgs of 600 ml were used which
finally contained 2/3 soil and 1/3 litter material. In the control
pots no litter was added. Six germinated seeds of the plant species
Scrophularia nodosa L., Senecio sylvaticus L., Milium effusum L.
or Holcus lanatus L. were transplanted into a pot. Each treatment
was replicated four times. The pots were pleced 'at random’ in a
greenhouse with controlled conditions (20 +509; a light/dark regime
of 12/12 h; & light intensity of ca. 50 W. m 3 70% r.h.).Several
soil characteristics were determined at the begin and end of the
experiment. Total C- and N-content were determined by a Carlo Erba
elemental analyzer and the total water soluble phenolic content with
Folin-Ciocalteus reagens. Tannic acid was used as reference compound
and the phenolic content was expressed as tannic acid equivalents
{TAE). After 4 weeks no more seedlings died and the mortality was
determined, After 14 weeks the shoots of the plants were cutted, dried
and weighted. In a second experiment the pots in which almost no
growth had occurred were replanted with germinated seedlings of
Scrophularia nodosa L. and Senecig sylvatieus L. and mortality and
biomassa production were determined after resp. 4 and 8 weeks.
Mortality data were tested with analysis of freguencies and dry
weights were tested with twc-way analysis of variance after testing
homogeneity of variances. Each species was tested seperately.

Results
Soil properties after addition of litter material
Initial conditions

In table 1 the initial soil conditions are presented. Without
addition of litter, the organic soil and the mineral soil anly
slightly differed in pH. The C~content and especially the total
N-content differed significantly, indication that the mineral soil
had a relatively poor nutrient status as well as a low humus content.
Additian of litter slightly decreased the pH of the mixtures. The
C- and N-content strongly increased, except in pofs where pine litter
was added. The phenclic content of the pots was strongly increased-
as well, especially in the mineral pots. This can be explained by
the relatively less adsorption of phenolic acids on humus material
in the mineral scils, leading to higher concentrations of phenolics
in the so0il solution.
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Changes in soil conditions during decomposition

At the end of the first experiment the soil properties were deter-
mined again. The results are presented in table 2. The phenolic
contents of the soils are dramatically reduced during the four months
of decomposition. This is the result of oxidation, microbial breakdown
and polymerization to humus matter. In the organic rich soil, the
C-content is also lowered, due to C-assimilation by micro-organisms.
In the beech and pine-mixtures the microbial activity was relatively
low.

Mortality and growth of seedlings

Experiment 1

During the first weeks after transplantation some mortality occurred
(table 3), except on birch litter in organic soil. On organic soil
mortality for S.sylvaticus was high on beech and pine litter and for
S.nodosa on oak and pine litter. On mineral scil mortality was higher
in comparison with organic soil, except for S5.sylvaticus on beech
litter. Most of the grass species seedlings survived all treatments.
Mortality was positively correlated to the phenolic content of the
soil. The above ground biomass production after 14 weeks growth on
the soil litter mixtures is presented in fig. 1. There were large
differences in response to litter types. Beech litter completely
inhibited growth of all seedlings. QOak, birch and pine litter also
inhibited plant growth, but to a lesser extent. Larch barely inhibited
plant growth. On this litter type there was a strong species-specific
difference between the soil types. H.lanatus was usually less inhibited
on the mineral soil than on the organic scil. Both grass species were
less severely inhibited than the dicotyledonous species.

Experiment 2

As previously mentioned, the pots in which inhibition was most severe
were replanted after 4 months. In this experiment the seedlings of
both dicotyledonous species were used to investigate the persistence
of inhibition in the course of time. The mortality of seedlings after
4 weeks growth in this experiment was considerably diminished compared
to the first experiment. However it was still high, especially for
S.nodoga (table 4}. Among the various litter types, birch caused the
highest mortality, while almost no seedlings died on pine litter.
Mortality was still positively correlated to the phenolic content
of the litter-soil mixtures.

The results op biomass production 8 weeks after transplantation
are presented in fig. 2. On beech litter the growth of plants was
still completely inhibited. Pine litter stiil inhibited growth to a
certain extent but the strong inhibitieon on oak and birch litter had
disappeared. On a mineral soil with birch or oak litter S.sylvaticus
is even strongly stimulated compared tc the controls. This may indicate
that decomposition of the litter material has made more nutrients
available and that a woodland-clearing species as S.sylvaticus can
take advantage of this situation.
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Fig. 1. Mean shoot dry weight of the plants, expressed as percentage of
the contrel after 14 weeks growth on the scil-litter mixtures. Controls
are 100%. Vertical lines represent standard deviations.
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Fig. 2. Mean shoot dry weight of the planks, expressed as percentage
of the control after 8 weeks growth on the 4 months old soil-litter
mixtures. Controls are 100%. Vertical lines represent standard deviations.
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Conclusians

The annual depositicn of large amounts of litter on woodland scils
does not only mean a nutrient enrichment stimulating plant growth,
but can also have severe inhibiting effects due to the release of
organic substances. The chemical influence of litter has two components,
a mineral component and an crganic comporent. Which component dominates
is seasonally dependent. During the early phase of decomposition the
influence of organic substances is large, often resulting in negative
effects on plant growth. Presumably phenolic compounds play an important
role but certainly other compounds are also involved. During decomposi-
tion water soluble organics in the soil solution disappear by micrcbial
breakdown, by polymerization to more stable humus compounds, or by
leaching into deeper scil layers {Scheffer und Ulrich, 1960). The
experiments of Winter andBublitz (1953) revealed that after winter,
leaves are less inhibitive toc plant greowth. This conforms our results.
Under field conditions the potential inhibiting effect of litter
will depend on the amount of litter deposited, but also on site con-
ditions such as annual precipitation, microbial activity, and the
presence of adsorbing clay or humus particles. The inhibition by beech
litter seems to be more persistent than other litter types. This poss-
ibly indicates that the dominant status of beech in many wocdlands
in western- and central Europe results from an organic soil factor
that strongly inhibits plant growth. Establishment of other tree species
or herbaceous vegetation often does not take place in such woodlands.
The potential inbibiting effects of litter bas special implicalions
for plant-species that germinate in autumn, like Bigitaiis purpurea,
Senecio gylvaticus, Silene diocica, Galium aparine, Milium effusum
and Holcus lanatus. For autumn germinators, litter can have selective
influences. Our experiments further reveal that the responses are
strongly species-specific. 5.nodosa proves toc be a species that is
very sensitive for organic compounds in a mineral soil, whereas
H.lanatus is less sensitive in a mineral soil compared to an organic
soil. In general, grass species are less severely inhibited than
herbaceous species. This may be an explanation for the often grass-
dominated vegetation in many species-poor woodlands. Although we only
tested herbacsous species, it seems likely that seedlings of shrubs
and trees alsoc may be affected by the arganic compounds in litter
leachates (Rice, 1974; Leibundgut, 1976; Fisher, 1980). In situations
where the undergrowth produces large amounts of litter we can alse
expect inhibiting effects of herbs on tree-seedlings, as suggested
by the results of Schiitt et al.(1979).
For a better understanding of forest dynamics the chemical inter-
ference between trees and herbaceous vegetation should be taken into
consideration.

Acknowledgments:- The authors wish to tharnk drs. Th.A. Dueck for
correcting the English text.
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DYNAMICS OF SHEATHING (ECTO-) MYCORRHIZAL FUNGI IN WOGDLAND

J.A. Mason, J. Wilson and F.T. Last

Institute of Terrestrial Ecology, Bush Estate, Penicuik, Midlothian,Scotland, United Kingdom

Summary

Some mycorrhizal fungi (eg. Heleboma, Laccaria and Inocybe) are charac-
teristic of young birch stands whereas others {eg. Russuls, Tricholoma
and Amanita} are associated with more mature stands. It is praobable that
spores are the prime agents for mycorrhizal infection on tree seedlings
colonising new sites.

Within naturally regenerating forest the situation may be different.
When the roocts of regenerating birch seediings are linked to those of
old trees, they appear to be infected with late-stage fungi. However,
when isolated from the older tree roots, the seedlings develope myecarr-
hizes of early-stage fungi. The type of infection seems to be essential
for the development of different species of mycorrhizal fungi.

Up to now, there is ample evidence about this phenomenon in birch.
Similar phencmena, however are known in other tree species such as Pinus
radiata, F. monticola, Pseudotsuga menziesii and Picea abies.

further on, some other problems of the mycorrhiza research as related
to forest succession (host specificity of mycorrhizal fungi in pioneer
and climax species; nutritional requirements in mycorrhizal succession)
are discussed, based on literature.

Keywords: Dynamics, succession,sheathing mycerrhizas, ectomycorrhizas,
Betula.

Background

The wide range af fungi which live within the forest ecosystem form a
dynamic interacting community. One of the groups within this community
consists of the mycorrhizal fungi which have an important role in nutrient
cycling. Terrestrial plant communities tend to be dominated by either
endomycorrhizal or sheathing {ecto-) mycorrhizal plants (Moser, 1967).
During ecosystem succession tot climax forest in northern temperate regions
the fungal association of higer plants change from endomycorrhizas in
herbaceous and scrub communities to sheathing mycorrhizas assceciated with
trees (Rose, 1980). Sheathing mycorrhizal associations invelve a broad
spectrum of fungi, over 2000 fungal species worldwide being potential or
proven sheathing mycorrhizal symbionts {Trappe, 1962).

Little is known about the changes in sheathimg,mycorrhizal species
composition which occur as forests develop, nor of the processes within the
forest ecosystem which may control or be affected by such changes. This
paper sets out to document the current information regarding changes in
the mycorrhizal flora of hirch and other tree species as they age and to
consider the implications of mycorrhizal succession for forest developwent.
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Mycorrhizal dynamics in ageing birch stands
Evidence from fruitbody observations

In the literature, a number of fungal genera are listed as being asso-
ciated with birch {(Trappe, 1962; Watling, 1973). These include Amanita,
Boletus, Cantharellus, Cortinarius, Hebeloma, Inocvbe, Laccaria, Leccinum,
Paxillus, Russula, Scleraderma and Tricholoma. However, little infarmation
is available about the soil conditions, climate and age and size of the trees
with which the fruitbodies were observed. Consequently, only a general
impression has been gained aof the distribution and role of mycorrbizal
species within birch communities.

Recently, however, Watling {1984) observed that Laccaria laccata
{Scop.:Fr.) Cooke was often the only agaric present in pioneer communities
of birch on shale waste and margins of scree slopes. By contrast, aother
agariecs (Russula spp. and Lactarius spp.) and some boletes were usually
associated with mature woodlands. He also noted that although Lactarius
torminosus (Schaeff.:Fr.) S.F. Gray was found in mature and remnant birch
stands, the closely related L. pubescens (Fr.:Krombh.) Fr. was usually
recorded as a pioneer species in association with young, often isolated,
trees.

Mason et al. (1982) have recorded the ocecurrence of fruitbodies during
the first 10 years after planting a mixed stand of birches (Betvla pendula
Roth and B. pubescens Ehrh.} at the Bush Estate, Midlothian, Scotland and
have obtained evidencs of both a temporal and spatial succession of
mycorrhizal fungi (Table 1). An ordered sequence of fungi was observed,
although some (eg. Hebeloma crustuliniforme (Bull.: St. Amans) Quelet) were
transient, whereas others persisted. It is interesting to note that, so
far, species of Tricholoma and Amanita, characteristically associated with
mature birch (Watling, 1573} have not yet fruited at this site.

Observations of mycorrhizal fruitbodies by Miles (1985%) at 4 woodland
sites formerly under heather moorlend, also confirm the occurrence of
mycorrhizal successions with birch. Although trees of a considerable ags
range (from 15 years upwerds} were examined, Amanita muscaria (L.:Fr.}
Pers.: Hooker and Tricholoma columbetta Fr. Kummer fruitbodies were only
found with B. pendula trees of at least 29 years and 72 years old respsc-
tively.

Thus it appears that somemycorrhizal fungi (eg. Hebeloma, Laccaria
and Inocybe) are characteristic of young bireh stands whereas others (eg.
Russula, Tricholoma and Amanita) are associated with more mature stands.
This sequence of fungi can, however, be modified by spil type and environ-
mental factors; for examble Paxillus involutus (Batsch:fr.,) Fr. was found
to be dominant on young birch growing in coal spoil but not present on
young trees growing in a brown eerth soil {(Mason et al., 1982).

Host-related factors are also of importance. The fruitbody data from
the Bush Estate showed that the number of fungal species associated with
Betula pendula and B. pubescens increased from 4 species in year 3 to a
total of nearly 30 species by year 10, with a consistently greater number
of fungal species associated with B. penduls (Mason et al., 1982). Differ-
ences between clones were also observed. Three years after planting 4
clones of Betula pubescens on a groundwater gley close to Bush Estate
(Last et al., 1984), significantly more fruitbodies of Inocybe petiginosa
(Fr.:Fr.) Gillet were associated with clone C than with clone D. Conver-
sely, more fruitbodies of Leccerie tortilis ((Bolt.) S.F. Gray} Cooke
developed near D than with clone C.

Fruitbodies tended to occur in ripgs; species appeared first close to
the tree and progressively moved outwards, being replaced near the tree
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Table 1. Suceession of fruitbodies of proven, or suspected, sheathing
mycorrhizal funoi appearing in a stand of birches (Betula spp.) planted
at Bush Estate, near Edinburgh {(Last et al., 1983).

Years after Fungi
planting
1 Nil
2 Hebeloma crustuliniforme (Bull.: St. Amans) Quelet
Laccaria sp.
3 Thelephaora terrestris Ehrepb.:fr.
4 Hebeloma fragilipes Romagnesi

H. sacchariolens Quelet
H. mescphzeum (Pers.:Fr.) Quelet
Inocybe lanuginella {Schroet.} Konrad and Maublanc
l actarius pubescens (Fr.:Krombh.) Fr.
[ Cortinarius sp.
Hebeloma leucosarx P.D. Crton
Hymenogaster tener Berkeley and Broam
lnocybe petiginosa (Fr.:Fr.) Gillet
Leccinum roseofracta Watling
L. scabrum
L. versipelle (Fries and Hik) Snell
Peziza badiz Perscon ex Merat
Ramaria sp.
ki Other Cortinarius spp.
Other Hebeloma spp.
Lactarius glyciosmus (Fr.:Fr.) Fr.
Leccinum subleucophaeum Dick and Snell
10 Hebeloma vaccinum Rcomagnesi
Russula betularium Hora
R. grisea {Pers.: Secr.) fr.
R. versicolor J. Schaeff.

by the next fungus in the succession. Thus around a tree of 6-8 years old,
3 or 4 concentric rings may be observed, with the first fungus in the
temporal succession being furthest from the stem and the most recent spe-
cies being closest to the stem.

Evidence from mycorrhizas

Although the ocecurrence of fruitbodies does not give a comprehensive
insight into events helow ground-level, Warcup (pers. comm.) while working
at the Bush experimental site, was able to relate fruitbodies in the stand
of Setula spp. to their own distinctive types of mycorrhizas (Mason et al.,
1983}. Further supporting evidence has been presented by Deacon et al. (1983)
who examined the distributicn of mycorrhizas in soil cores taken at D.25 m
intervals outwards from the base of an 8 years old B. pubescens. Hebeloma-
type mycarrhizas were mast frequent in the outer sampling positions while
Leccinum-type mycorrhizas were found mostily in the ipner positions. Lactarus-
type .mycorrhizas, although located in all positions, peaked in freguency in
the middle samples. This pattern closely reflected the disiribution of
fruitbodies observed round the tree and therefore provided support for the
concept of mycorrhizal succession,
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Experimental investigations

Deacon et al. (1983) began to explore the significance of these obser-
vations by growing birch seedlings in a set of soil cores taken from
beneath fruitbcdies of a range of mycorrhizal fungi surrounding 8 years
old birch trees. Seedlings grown in cores removed from beneath fruitbodies
of fungi occurring early in the succession, Laccaria and Inocybe, always
developed mycorrhizas attributable to these fungi. However, when Lactarius
and Leccinum cores were tested the only mycorrhizas that developed were
attributable to Hebeloma and other early sequence fungi. This demonstrates
differences in the abilities of fungi which occur early and late in the
succession to establish mycorrhizas on seedlings in field soils - a dif-
ference, which has led to their division into “early" and "late-stage"
fungi. This distinction is not apparent in sterile scils in which both
these groups readily form mycorrhizas (see Table 3) {Deacon et al., 1983).

This difference between early- and late-stage fungi was investigated
by Fox (1983) who found that birch seedlings, planted intc an unsterile
soil supplemented with spores of one of a range of fungi, readily devel-
oped mycorrhizas with species of Hebeloma, Inocybe and Laccaria (early-
stage fungi) but not with Cortinarius, Lactarius, Leccinum or Russula
(late-stage fungi). This may be an ecologically important distinction
between these groups as it is probable that spores are the prime agents
for mycorrhizal infection on tree seedlings colonising new sitds,

The situation within naturally regenerating forests may be different.
Here, there is ample evidence, especially from fungal forsy records, to
indicate that mature birch possesses astable microflora of mainly late-
stage fungi (Watling, 1973; 1984). However, the roots of regenerating
tree seedlings alsc appear to be infected with late-stage fungi (Fleming,
1983} such as Lactarius, Cortinarius, Russula and Amanita. Fleming (1983)
suggested that a common feature of these fungi was their ability to fo
strands which could act as sources of infection for seedlings. bhen birch
seedlings were planted into the soil close to the trunk of an 11 years
old Betula pubescens, late-stage Lacterius pubescens mycorrhizas formed
on the seedlings. roots. However, when soil was isolated, by cering, from
the parent tree roots, the seedlings developed mycorrhizas cf early-stage
fungi, This suggests that L. pubescens, and possible other late-stage,
strand-forming fungi, can form mycorrhizas with seedlings only if the
fungus is linked to an older tree. For example, 73% of a naturally ocurring
population of 1 year old birch seedlings growing in a chestnut coppice in
southern England were found to have late-stage, belete-type mycorrhizas
(Fleming, 1983). However, when hirch seedlings were grown in samples of
the coppice soil which had been removed from the site, only early-stage
mycorrhizas developed {Fleming, 1983). Separation of late-stage fungi,
like other root-infecting fungi, from a well-established food base appears
to reduce their infection potential {Garrett, 1951; Fleming, 1983). Thus
the range of fungi forming mycorrhizas on seedlings growing within the
woodland environment is likely to differ from that assoclated with seed-
lings colonising primary sites because of the types of infection processes
that can occur.

Changes in mycorrhizas associated with other tree species

Sequences of mycorrhizal fungi have also been observed with other tree
species., Observations with Pinus radiata (Chu-Chou, 1979) indicate that
the sequences of mycorrhizal fruitbodies associated with birches and pine
have many species in common (Table 2). Similarly, in other studies with
Douglas fir (Pseudotsuga menziesii (Mirb.) Franco)in which Chu-Chou and

115



EE

Grace (1981) made isclations from mycorrhizas, they were able to confirm
that H. crustuliniforme was associated only with seedlings whereas A.
muscaria could only be isolated from trees 13 or more years old. Based
on fruitbody observations, Mosse et al. (1981) reported a distinct suc-
cession of mycorrhizal fungi in stands of Norway spruce (Picea abies (L.)
Karst.) in the French Jura mountains, while Miller (1983) observed 5 and
78 potential mycorrhizal fungl fruiting under ycung and mature western
white pine (Pinus monticola Douglas ex D. Don). Similar increases in the
number of fungal species with a single ageing host were noted by Lamb
{1979) and Thomas, Rogers and Jacksen (1983).

Suceessional trends in host specificity of mycorrhizal fungi

Some trees have a broad range of fungal associates whereas others are
more restricted. This appears tc influence the success of a particular
host and its relation with other tree species. For instance western
hemlock (Tsuga heterophylla {Raf.) Sarg.) usually grows in mixed stands,
frequently having became established as a climax species under the canopy
of seral overstory species (Kropp and Trappe, 1982). The fungi associated
with hemlock are mostly not host-specific. Clearly, it is advantageous
to invading tree species to be adapted {o whatever mycorrhizal system
is already established in a forest. Conversely, it will be to the bepefit
of pioneer tree species that tend to grow in pure stands {eg Alnus rubra
Bong.) to be much more fungal specific (Kropp and Trappe, 1982).

Table 7. Succession of sheathing mycorrhizal fungi associated with

~ Pinus radiata D. Don growing in New Zealand (Chu-Chou, 1979).

Time (years)

after Fungi observed
outplanting
1 Hebeloma crustuliniforme (Bull.: St Amans} Quelet
1-5 Laccaria laccata (Scop.: Fr.) Cooke

Rhizopogon luteolus fFr.& Nordh.
Rhizopogen rubescens (Tul.} Tul.

5 Lnocybe =pp.
Suillus spp.
10 Amanita muscaria (L.: Fr.} Pers.: Hooker

These views are supported by the abservations of Malajczuk et al. (1982)
who concluded that the success of eucalypts and Pinus radiata D. Don in the
establishment of exotic plantations and as invaders of indigenous tree
communities could be attributed in part to their, compatibility with broad
host-ranging funai existing within these communities. They Further sug-
gested that not only did a natural succession of mycorrhizal fungi occur
in native stands of eucalypts and P. radiata as they matured but that this
succession tended over time from broad-host-ranging towards dominance by
host-specific fungi. This reduction in the diversity of fungi associated
with older stands corresponds with data from root assessments made in
250 year-old Douglas fir/larch forests (Harvey et al., 1976) which indi-
cated that fir and larch at this stage were only associated with a single
dominant mycorrhizal fungus.
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Nutritional requirements in mycorthizal succession

A number of factors thought to be involved in determining mycorrhizal
successions were proposed by Dighton et al. (1981) {(Table 3).

The supply of carbohydrates (phosynthates) from the tree host to the
fungal symbient is of paramount importarce to the development and
functioning of mycorthizas (Hacskaylo, 1983). Nutritional experiments
have shown that early-stage fungi are less glucose-demanding than late-
stage fungi and, in addition, early-stage fungi tend to produce smaller
fruit bodies than late-stage fungi (Deacan et al., 1983). This adds sup-
port to the views of Dighton et al. (1981} that sarly-stage fungi have
a lower demand for, or reduced access to, host-derived carbohydrate.

Table 3. Possible factors influencing the succession of mycorrhizal
fungi on tree roots.

Stage in succession

Fungal attributes

Early Late
Cnerqgy demand Low High ’
(supplied by host)
Ability to supply Supplies nutrients  Supplies nutrients
nutrients to the tree from labile from inorganic and

inorganic pool organic pool

Competetive ability of fungus:-
Ability to compete in:
(a}) Sterile soils +
(b) Unsterile soils + -

As stands mature it would appear that a greater proporticn of photo-
synthate is allocated to mycorrhizal production in order to satisfy the
host's mineral nutrient demands (Vogt et al., 1983). This is suggested
from data which shows that mycorrhizal biaomass increases with stand
development, reaching a maximum at canopy closure, especially on nutrient-
poor sites where a signifieantly higher mycorrhizal biomass is maintained
than on nutrient-rich sites.

At canopy, however, temperature and moisture conditions become less
favourable for decomposition (Swift et al., 1979) and litter breakdown
declines (cht et al., 1983). It is therefore interesting to note that
early-stage mycorrhizel fungi that develop on seedlings appear to favour
mineral rather than organic soils (Alvarez et al., 1979) while late-stage
mycorrhizal fungi of mature forests prefer the organic fractions (Harvey
et al., 1976). It may be speculated that within mature forests, late-
stage fungi produce a range of extracellular enzymes which afford them
the advantage of being able to derive mineral nutrients and also possibly
supplement their carbohydrate pool directly from the accumulating organic
matter. Although direct evidence is not available, Bartlett and Lewis
(1973) have demonstrated phusphatase and phytase activity of mycorrhizal
beech rocts while Giltrap (1982) showed that a number of mycorrhizal fungi
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were able to produce polyphencloxidases.

Conclusions

i Mycorrhizal succession is a widespread phenomenon, Althougn the mechanisms

g controliing it are far from clear, several factors are emerging which ap-

v pear to influence the successional changes observed. These include the
ability of mycorrhizal fungi tao infect plants of different ages including
competitivity with other microbes, host specificity, the soil type, and
the nutritional requirements of the host and the fupgus. However further
knowledge is needed before we can ascertain {a} the relaticnships between
mycorrhizal succession, plant succession and soil development and (h)
the implications of mycerrhizal succession for successful forest develop-
ment during first and subsequent rotations.

118




i

References

Alvarez, L.F., D.L. Rowney & F.W. Cebb Jr., 1979. Mycorrhizae and growth
of white fir seedlings in mineral soil with and without organic lavers
in a California forest. Canadian Journal of Forest Research, 9, 311-355.

Bartlett, E.M. and D.H. tewis, 1%973. Surface phosphatase activity of mycorr-
hizal roots of beech. So0il Biology and Biochemistry, >, 249-257.

Chu-Chou, M., 1%79. Mycorrhizal fungi of Pinus radiata in New Zealand.

Soil Bialogy and Biochemistry, 11, 557-562.

Chu~ Chou, M. & L.J. Grace, 1%81. Mycorrhizal fungi of Pseudotsuga men-
ziegii in the north island of New-Zealand. So0il Biology and Biochemistry,
13, 247-249,

Deacon, J.W., S.J. Donaldson & F.T. Last, 1983. Sequences and interactions
of mycorrhizal fungi on birch. Plant and S0il, 71, 257-262.

Dighten, J., A.F. Harrison & P.A. Mason, 198l. Is the mycorrhizal successian
on trees related to nutrient uptake? Journal of Science Focd and Agri-
culture, 32, 629-630.

Fleming, L.V., 1983, Succession of mycorrhizal fungi on birch: infection
of seedlings planted around mature trees. Plant and Seoil, 71, 263-267.

Fox, F.M., 1983, Sources of inoccolum of sheathing mycorrhizal fungi of birch
(Betula spp.) Ph.D. thesis, University of Edinburgh.

Garrett, S.0., 1951. Ecological groups of soil fungi: a survey of substrate
relatlanshlps. New Phytologist, 50, l49-1a6.

Giltrap, N.J., 1982. Production of polyphenol oxidases by ectomycorrhlzal

“fungi with special reference to Lactarius spp. Transactions of the
British Mycological Society, 78, 75-Bl.

Hacksaylo, E., 1983, Researching the potential for forest tree mycorrhizae.
Plant and Soil, 71, 1-8.

Harvey, A.E., M.J, Larsen & M.F. Jurgensen, 1976. Distribution of ecto-
mycorrhizas in a wmature Douglas fir/Larch forest soil in Western Montana.
tforest Science, 22, 393-398.

Kropp, B.R. & J.M. Trappe, 1982. Ectomycorrhizal fungi of Tsuga heterophylla.
Mycologia, 74, 479-488.

Lamb, R.J., 1979, Factors responsible for the distribution of mycorrhizsl
fungi of Pinus in eastern Austraslia., Australian Forest Research, 9,
25-34.

Last, F.7., P.A. Mason, J. Wilson & J.W. Deacon, 1983. Fine roocts and
sheathing mycaorrhizas: their formation, function and dynamics. Flant
and Spoil, 71, 9-21,

Last, F.T., P.A. Mason, J. Pelham & K. Ingleby, 1984. Fruitbody production
by sheathing mycorrhizal fungi: effects of "host" genotypes and pro-
pagating soils. Forest Ecology and Management, 9, 221-227,

Malajczuk, N., R, Molina & J.M. Trappe, 1282. Ectomycorrhiza formation
in Fucalyptus 1. Pure culture synthesis, host specificity and mycorrhizal
compatability in Pinus radiata. New Phytologist, 91, 467-482.

Masan, P.A., F.T. Last, J. Pelham & K. Ingleby, 1982. Fcology of some
fungi asscciated with an ageing stand of birches (Betula pendula and
B. pubescens}. Forest Ecology and Management, &4, 19-37.

Mason, P.A., J. Wilson, F.T. Last & C. Walker, 1983. The concept of suc-
cession in relation to the spread of sheathing mycorrhizal fungi on
inoculated tree seedlings growing in unsterile spils. Plant and Soil,

71, 247-256.

Miles, J., 1985, Soil in the ecosystem. In: Ecological Interactions in
Soil, ed. A.H. Fitter, pp. 407-427. Oxford: Blackwell.

Miller, 0.K., Jr., 1983. Ectomycorrhizae in the Agsricales and Gastero-
mycetes. Canadlan Journal of Botany, 61, 909-91a.

Moser, M., 1967. Die éktotrophe Ernahrunqswelse zn der Waldgrenze.
Mitteilungen Forstlichen Bundesversuchsanstalt Wien, 75, 357-380.




Mosse, B., D.P. Stribley & F. Le Tacon, 198l1. tcology of mycorrhizae and
mycorrhizal fungi. Advances in Microbial Ecology, 5. 137-210.

Rose, S5.L., 1980. Mycorrhizal associations of some actincmycete nodulated
nitrogen~fixing plants. Canadian Journal of Beteny, 58, 1449-1454.

Swift, M.J., 0.,W. Heal & J.M., Anderson, 1979. Decomposition in terrestrial
ecosystems. Uxford: Blackwell.

Thomas, G.4W., D. Rogers & R.M. Jackson, 1983. Changes in the mycorrhizal
status of Sitka spruce following outplanting. Plant and Soil, 71, 319-323.

Trappe, J.M., 1962. Fungus associates of ectotrophic mycorrhizae. Batanical
Reviews, 28, 538-606.

Vogt, K.A., E.E. Moore, D.J. Vogt, M.J. Redlin & R.L. Edmonds, 1983.
Conifer fine root and mycorrhizal root biomass within the forest floors
of Douglas fir stands of different ages and site productivities.

Canadian Journal of Forest Research, 13, £29-437,

Watling, R., 1973, Identification of the larger fungi. Amersham: Hulton
Educaticnal Publications Ltd.

Watling, R., 1984, Macrofungi of birchwoods. Proceedings of the Royal
Society of Edinburgh, 858, 129-140. ’

120




Posters

121



STUDIES ON HUMUS PROFILES

J. Sevink, J . W. van Berghem

Lahoratory for Physical Geography and Seil Science University of Amsterdam, Amsterdam, The Netherlands

Theme

Study of genesis and characteristics of humus profiles in relation to
vegetation, parent material and time and the impact of these soil forming
factors on soil forming processes, in non-agricultural (semi natural)
areas.

The distinction between "humus profiles" and mineral soil profiles is
connected with the speed of adaptation to changes in external scil forming
factors. The humus profile is strongly influenced by and adapted to present
environmental conditions. The mineral soil profile, in contrast, is the
expression of soil forming processes active over a much longer period.

Changes in the environment almost directly alter the development and
character of the humus profile, which is alsc influenced by the mineral
s0il profile and the previous developed humus profile.This means that it
is extremely difficult to separate the effects caused by vegetaticn and
by antecedent soil formation, on the genesis of humus profiles.

The field studies therefore were carried out on profiles withcout ante-
cedent soil formation. In this situation the effect of vegetation, parent
material and time on the genesis of humus profiles can be studied.

In practice, in the Netherlands, this means: Studies on humus profiles
within stands of different age on eolian sands and cn recent marine
depesits,

Once the above mentioned relations are clear, the surveys on humus
profiles can be extended to more complicated situations involving more
soil fcrming factors, for instance antecedent soil formation.

The survey as carried ovt by the University of Amsterdam comprises the
foliowing main research aspects:

1) Development of a more detailed typology of horizen characteristics of
humus form profiles.

2) Develcpment of a classification of humus form profiles,

3) Humus profile succession studies within stands of different age on
identical parent materisls and their implication for the classification.

4) Pedogenesis: Correlation of macroscopic and microscopic characteristics
of humus profiles with pedogenetic processes such as nutrient cycling,
eluvation, leaching and bioturbation.

5) Methodolagy and general structure of surveys on humus Form profiles.
focused on variability and the statistical application.

6) Field survey methods.

7) Data handling.

The examples on the poster are connected with some of the above mentioned
research aspects.

123



BIOGEDCHEMIGAL BALANCE STUDY OF A FOREST ECOSYSTEM

J.M. Verstraten, J.J.H.M. Duijsings, W. Bouten and A Tietema

Laboratory for Physical Geography and Sofl Science, University of Amsterdam, Amsterdam, The Nethetlands

Intreduction

The general aim of the project is to establish water and element budgets
of a forest ecosystem in order to quantify the effects of atmospheric
depasition on soil/water acidificaticn,

The study site is a forested area located in the rural eastern part of
the Netherlands. In this area tuwo cetchments were chosen for detailed
hydrological, chemical and biological investigations. Jurassic clays
(70% clay, 30% silt) constitute the lower watertight boundary of the
basin. Above the surface of this deposit a 1.15 to 4 m thick layer of
sandy {clay) loam glacial till is found with a 50 cm thick sandy weather-
ing residue on top of it. Yhe sendy layer and the top of the boulder
clay are distinctly aeid (pH 3-4) with pH values increasing further down
in the profile. The catchments are almost completely covered with forest
{85%): oak, beech, spruce and pine, the remainder of the srea being oc-
cupied by grassland.

The study is based upon the distinction of compartments within the
forest ecosystem such as: the atmosphere, the vegetation, the soil and
the hydro/lithasphere. in these compartments the elements are accumulated
in fluctuating amounts which can easily by measured. Exchanges between
the compartments will exist in which water will generally serve as the
transport medium. The magnitude of these water and element fluxes exhibits
large fluctuations as a function of the season and metheorolegical con-
ditions. As a consequence measurements are carried out for several years.

In the forthcoming pages attenmtion is paid to three main topics of the
general research programme, successively: the hydrology, the chemical
fluxes and the nitrogen budget of the forest ecosystem.

FOREST £COSYSTEM
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Fig. }. Compartments and fluxes of a forest ecosystem.
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Hydrolagy of a forest ecosystem

Hydrological processes are of primary importance in biogeochemical
balance studies of forest ecosystems. They are studied in crder to guan-
tify water fluxes, as water is the most impcrtant transporting agens, but
also because hydrological conditions can influence dry deposition, bio-
logical activity, chemical reactions and plant physiological processes.

The atmospheric element input is controlled by the time-distribution
and the amount of rainfall. Wet depocsition is highly correlated with
the amount of rainfell, while dry deposition strongly depends on the
period that leaves are wet and thus on the rainfall distribution. Leaf
wetness and interception are studied by detailed measurements of rainfall
and throughfall intemsity, windspeed, vapour pressure deficit and cancpy
structure.

S50il water fluxes are controlled by the input of throughfall water, by
drainage and by the uptake of water by roots. Figure 2a shows that the
input of water to the soil is strongly reduced by interception. Overall
this "waterloss™ equals 17% in leafless periods and 27% in leaf growth
periods. It is partly compensated by transpiration reduction as long
as leaves are wet due to interdepted water. Drainage of water, and thus
the element output, depends on the soil water conductivity. Because of
the impermeable jurassic clay and the rather low conductivity of the gla-
cial till, discharge is only found at very high groundwater tabtles within
the sandy topsoil {(Figure Zb and 2c). The uptake of water by roots induces
characteristic soil water suction fluctuations (Figure 3}. These are a
result of root distribution, a low capillary rise and an abrupt change of
physical properties within the soil profile. Numerical simulaticn models
are used to calculate soil water fluxes and water uptske by roots. Daily
measurements of Lensiometers at different depths (Figure 2} are used
for model calibration and validation.

Chemical fluxes in a forest ecosystem

The chemical approach of the ecosystem study is predominantly based
upont the hydrological balance of the forest as water is the major trans-
port medium of the elements concerned.

Solute ipput in the catchment mainly ccecurs in precipitation and is
dominently controlled by amount of precipitation and wind direction
(source area). Four main sources can be distinguished: seaspray (Na, Mg
and C1), industrial activities (504 and Cl1), rural activities (NHy, NOy)
and local dust (K, Ca, Na, Mg).

The magnitude of the varigus icn inputs in preecipitation is subsequent-
ly altered during the pessage of rainfall through the forest canopy. The
variety of processes operating in the canopy may cause both increased
input rates - telated to e.g. leaching (Mn, K; figure 4) and dissolution
of dry deposited compounds (HN,, S04, figure 4) - and decreased input
rates related to exchange reactions on the leaves (H). Some ion species
exhibit almost no canopy effects (C1, Na, NO3).

Ion deposition in stemflow has been studied for several years but showed
to be of only minor importance: 1-5% of the icn depaosition in throughfall.
Upper soil horizans are very acid (pH 3-4) and the composition of the
soil solution is controlled by throughfall input (K, NHg), litter decom-

position preducts (NHy, ND3), uptake by the forest wegetation and the
congruent dissolution of c%ay minerals, pedogenic oxides and primary
silicates (Al, Fe). Deeper in the soil profile where pH values are bet-
ween 5 and 7 the composition of the soil solution is dominantly controlled
by incongruent dissolution of primary silicates and clay minerals gene-
rating high concentration levels of Ca, Mg and K.
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The nitrogen of a forest ecosystem

During the last decades the amcunt of ammonium in atmospheric deposition
in the Netherlands has increased, associated with the increased bio-in-
dustrial production and use of manure.

Soil nitrogen transformations strongly effect the acidity of the soil
and may result in chemical and biclogical alterations in the soil.

In order to quantify the nitrogen transformations, a nitrogen budget
is being established of a mixed forest located in the ecastern part of the
Netherlands, consisting of beech, oak, spruce and pine.

The nitrogen cycle of a forest ecosystem is shown in figure 6. Some pre-
liminary data have lead to an estimate of some of the transformations.

The annual amcunt of nitrogen in litterfall consists of 60-65% of ni-
trogen in beech- and oak leaves. To study the decomposition of this ma-
terial a litterbag experiment was carried out with litter of oak and
beech in a more or less constant ratio.

ATMOSPHERIC DEPDSITION
NITROGEN FIXATION
LITTERFALL

AMMON F ICATION / #MMOBILIZAT ION
NITRIFICATION
UPT AKE
DENITRIFICATION
LITTER WATER
OuTPUT

UNDER INVESTIGATION ) '

Fig. 6. The nitrogen cycle of a forest ecosystem, with some preliminary
results (kg N/ha yr).

~NBEONEEEND

The experiment lasted for 39 months and will end after 48 months. In
figure 7 the dynamics of the absolute amount of nitrogen in the bags
(calculated as a percentage of the initial amount), as well as the per-
centage remaining dry-mass are shown as a function of time of incubation
in the forest.

The results indicate a nitrogen immobilization of about 60% of the
initial amount of nitrogen in the leaf-litter, during the first 9 months
of the decomposition proecess. After 2 months, when the C/N-ratio has
reached a value of about 20, the nitrogen is being mineralized. It takes
abcut two and a half year before a net mineralization occurs in the leaf-
litter.

Increases in the amount of ammonium and nitrate in oncubated soil cores
will give an estimate of the rate of ammonification and nitrification.

The cores are closed (except for a hole for aeration) to prevent uptake
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by the vegetation, leaching of nitrate and input by throughfall and lit-
terfall. The duration of each incubaticn period is four weeks. Some results
are shown in figure 8,

Denitrification is quantified by means of a gas diffusion simulation model,
which calculates the nitrous oxide flux fitting the nitrous oxide concen-
tration gradient in the soil.

The assumption is that in a soil of this acidity {pH=3-4}, nitrous
oxide is the main product of denitrification. This assumption will be
tested in a laboratory experiment, using acethylene to block the final
step in the denitrification process of nitrous oxide tc dinitrogen.

The nitrous oxide gradient will be measured using gas chambers on dif-
ferent depths in the soil.
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Section 2: Primary and Secondary
Succession in Different Forest Types
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k gUCCESSION IN FEN-WODDLANDS IN THE DUTCH HAF DISTRICT

£. Wiegers

Amstelveen, The Netherlands

Summary

Succession in fen-woodlands on floating peat layers in the western parts
af The Netherlands was studied. The vegetation types found could be
ordered in time series in which the tendency to increassing dependence on
rainwater was obviuous. In permanent plot studies in two woodland reserves
several sub-asscciations of the Carici elongatae-Alnetum were found to be
linked in time. In the most oligotraphentous communities Betula pubescens
often gains dominance over Alnus glutinosa. Recent developments point to
a reversal of the line of increasing dependence on oligotrophic conditions,
possibly due toc increased atmospheric nutrient input.

Keywords: Succession, permanent plots, Carici elongatae-Alnetum, Betula

pubescens.
s

Intraduction

Fen-woodlands in the western parts of The Netherlands developed commonly
in old peat cuttings where the peat was taken from below the groundwater
level. The rectangular ponds that resulted from the peat cutting became at
first colenized by aquatic vegetation and were later on overgrown by a
fleating swemp of fen vegetation. This vegetation was commonly exploited
for the production of reed for thatching purposes. Seedlings of shrubs
and trees may establish in these fens and progressively impede the mowing
management. Unce mowing is abandoned the wocdy species may develop quickly
due to the fact that they are not seedlings any more and possess a well-
developed root system. Closed woodland vegetation may then establish
within a few years. The most outstanding feature of these woodlands is
that in many cases they are not in direct contact with the mineral subscil.
The peat layer that developed during the succession generally has not fil-
led the water body completely with sediment.

Due to the fact that these developments occurred widespread and over a
period of more than 50 years now, woodlands of different age and species
composition as well as various stages of fen and shrub vegetation may be
found in many nature reserves. Now that the eldest woodlands of this type
have reached an age of almost 70 years it was decided to study succession
patterns in these woadlands in order to be able to evaluate the develop-
mental stazges of woodlands for management or conservation purposes.

Two ways for the study of the succession from fen to fen-woodland and in
the woodland phase were exploited. Firstly separate relsvés from fens and
woodlands in a number of reserves were used to describe vegetation fypes
and rank them in a time series in order to construct a succession scheme.
Secondly relevés from permanent plots were used tc get more insight in
the succession process in two woodland reserves.

In the small reserve "De Suikerpot™ (just West of Hilversum) eight per-
manent plots were marked by J.H. Smittenberqg in 1970 (Smittenberg, 1976).
The vegetation of these plots was described almost every two years.

In the eldest nature reserve in The Netherlands, the "Naardermeer™, the
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Fig. 1. Location of the fen-woodlands "De Suikerpot' and "De Driehoek"
in the province of N-Holland {(The Nethsrlands).

area called "De Driehoek" had been designated a strict reserve in 1219 and
E.M. van Zinderen Bakker started in 1931 a series of 70 permanent plots
covering a gradient from open swamp to incipient woodland (Van Zinderen
Bakker, 1942). Over a 50-year period three complete surveys af all the
plots in this transect are available. Both sites are marked in Fig. 1.

The succession scheme coriginating from the survey of fen and fen-wood-
land vegetation types will be taken as a starting point in this paper
and refinements to this scheme thabt could be made based on the study of
the permanent plots will be given detailed attention.

Methods

Relevés were made following the French-Swiss tradition (Braun-Blanquet,
1964). In most cases the depth of the groundwater as well as its pH and
Flectric Conductivity was assessed using portable field instruments.
Samples from the superficial groundwater were colliected and analysed at
the laboratory of the Hugo de Vries-Laboratorium (Amsterdam) following
standard methods referred to by Wiegers (1%84).

The vegetation data were both processed according to the principles of
Ellenberg (1956) and subjected to cluster analysis and a Principal Com-
ponents Analysis following a routine from Orloci and Bowles (1982). The
results of the groundwater analyses were used to characterize the dif-
ferent vegetetion type discerned.

* Nomenclature of higher plants follows Heukels-Van der Meijden (1983),
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of bryophytes Margadant and During (1982}, and of syntaxa Westhoff and
Den Held {1969) and Smittenberg {1976).

Resuits

The 151 relevés collectsd from fens, fen-carr, and fen-woodland were
ordered in three separate tables (Wiegers, 1985) that were combined to a
synoptic table (Table 1}. The temporal relations between the syntaxa to
' which the ten types discerned in this table belong are given in Fig. 2.
Two main lines of development are discerned, one starting under ocligo-
mesotTophic conditions and one starting under more nutrient-rich con-
ditions, As a result of peat formation and increasing insulation from

' Sphognetum _palustri~papillosi
' Pallavicinio—Sphagnetum

Caricetum curte—echinatae Valeriano—Filipenduletum
| oligo—mesotrophic | masotrophic ;
[ABC] LDl

shrub invasion

[ E G HI [LF1] L

)
! frangulc~Salicetum auritae Alno—Salicetum cinersae

tsrminaticn of mowing monagement

increased nutrient

availability
[ K1 Ll
|
H Carici elongatae=-Alnetum Macropherbic—Alnetum

Fig. 2. Scheme of the succession to fen-woodland in some fens in the Dutch
Haf District (prov. of N-Holland). The place of the relevé groups from
Table I is indicated in this succession scheme. {from Wiegers, 1985).

the nutrient-rich groundwater shrub communities of the Alno-Salicetum
cinereae may develop into less nutrients demanding types of the Carici
elongatae-Alnetum.

from each of the permanent guadrats in "De Suikerpot" eighbt relevés
were zvailable. A synoptic table of the six syntaxa discerned is given
in Table 11. A ciuster anelysis of all the relevés revealed a separation
into the groups at a dissimilarity level of 0.70. These ten groups could
be ordered into six syntaxonomical units, of which five were subassoci-
ations of the Carici elongatse-Alnetum. The remaining one could be placed
in the Alno-5alicetum cinereae. Principal components analysis suggested
a straightforward temporal relation between five of the syntaxcnomical
groups (Fig. 3). This time-seriss runs from the Alno-Salicetum cinereae
through the subassociations thelypteridetosum, caricetosum acutiformis,
lysimachietosum, and sphagnetosum of the Carici elongatae-Alnetum. The
subassaociation betuletosum pubescentis obviously develops along a dif-
ferent lire.

In the transect in "De Driehoek” the distribution of the vegetation
types found in 1931, 1966, and 1981 is given in Fig. 4. The differential
species of the types discerned are presented in Table ITI.

Combination of the succession scheme based on the transitions found in
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Fig. 3. Projection of the 64 relevés from the permanent plots in the fen-
woodland "De Suikerpot" on the first two axes of a principal components
analysis. Four subassociations of the Carici slongatae-Alnetum are found

in a contiguous row with the Alno-5alicetum cinereae and one subassociation
of the Carici elongatae-Alnetum is clearly separated from that group. The
differentiating species from the syntaxa are given in Table 1I. (from
Wiegers, 1985).

Fig. 4. Zonation in the vegetation in the transect in the fen-woodland "De

Driehoek" in the Naardermeer. The differentiating species of the types are

given in Table 111, The numbers on the left side indicate the years

(1= 1931, 2= 1966, 3= 1981) and are the first digit in the type numbers.

The numbers inscribed in the transect are the second digit in this type

numering.

A.1.1 : Caricetum paniculatae thelypteridetosum and Scirpo-Phragmitetum
caricetosum pseudocyperi

A.1.2 : Scirpo-Phragmitetum caricetosum pseudocyperi and Thelypterido-
Phragmitetum

8.2.1 + B.3.1 + 0.1.6 : Alno-5alicetum cinereae

B.2.2 : Carici elongatae-Alnetum thelypteridetosum

B.3.2 : Carici elongatae-Alnetum lysimachietosum

B.3.3 + C.2.4 + L.3.4 + D0,2.5 + E.3.5 : Carici elongatae-Alnetum betule-

tosum pubescentis




: Thelypterido-Phragmitetum and Pallavicinio-Sphagnetum
: as (C.1.3, but with Frangulo-5zlicetum suritae

: Frangulo-Salicetum auritae

+ Pallavicinio-Sphagnetum

. : Carici elongatae-Alnetum caricetosum acutiformis

.3.6 : Carici elongatae-Alnetum, dry variant

from Wisgers, 1985)

N = N =
N B

C
C
C
D.
E
£
(

the fen-woodland of the Naardermeer with the succession lines presented
in the Figs. 2 and 3 renders Fig. 5.

The subassociations of the Carici elongatae-Alnetum that may either
develop immediately from shrub communities or evolve gradually from cne
another constitute a line of progressive peat formation, more aerated con-
ditions in the upper substrate layer, and a lower availability of nutrients
(especially nitrogen, sulphate, and magnesium), coupled to a lowering of
the pH of the superficial groundwater. Data supporting this view are pre-
sented by Wiegers (1985).

Although the peat layer under the strongest oligotraphentous communities
{the subassociations sphagnetosum and betuletosum pubescentis of the
Carici elongatae-Alnetum) is more stable than in the communities devel-

oping immediately from the Alno-Salicetum cinereae {(the subassociations
thelypteridetosum and caricetosum acutiformis of the Carici elongate-

Alnetum} and shows a smaller vertical displacement during the growing

season caused by excess evaporation or rainfall (Jorna, 1984), the ampli-
tude of the groundwater level, probably due to the different structure

Scirpo—Phragmiteturn

Thelypteride~Phragmitetum Coricetum poniculatoe

Spagnetum palustri—papillosi . i
Pallgvicinio—Sphagnetum Valeriane—Filipenduieturn

Caricetum curto—echinctae \ l

Frangulo—Salicetum ouritae Alno—Salicetumn cinereoe
Caolrici elolngataef—Alnetjum

thelypteridetosum
coricetosum ocutiformis
lysimachistosum
sphegnetosum

}
uw ?
betuletosum pubescentis

dry variont
~

~ ? \I
~
~a

- Macrophorbio—Alnetum

Fig. 5. Scheme of vegetation succession in fens and fen-woodlands in the
Outch Haf District, ccmposed from the results presented in Fig. 2, 3 and 4.
Two transitions that were not actually observed in the field but that
possibly could occur are marked with a guestion-mark. {from Wiegers, 1985).
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of the peat, is greater in the less oligotraphentous communities.

Next to the development to progressively oligotraphentous communities
g succession from Betuls-dominated types towards types in which Alnus
glutinosa is of increasing importance can be seen in the scheme of Fig. 5.
The return of Alnus in formerly Betula-dominated communities that is
taking place in the last 15 years may be attributed to the higher rutrient
input by atmospheric deposition, which enhances the chances for establish-
ment of Alnus glutinosa.

Conclusions

The vegetations developments in small peat cuttings in the western
parts of the Netherlands commonly leads to fen-woodland vegetation that
becomes in time progressively insulated from the nutrient-rich surface
waters. Rainwater stored in the peat body may give the ecosystem certain
ambrogenic characteristics after a period that may vary in length from
c. 30 to c. 60 years. Transition to fully ombrogenic peat bog may be
hampered nowadays by increased atmospheric nutrient input. Reversal of
the line of development towards increasing dependence on rain water was
found in some cases. Under natural and umpolluted conditions the sub-
association betuletosum pubescentis of the Carici_slongatas-Alnetum seems
to be a fairly stahle phase in the succession.
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Table 1. Synoptic table of the vegetaticn types in some fens and fen-wood-
lands in the Dutch Haf District in the province of N-Holland. Only Betula
pubescens and the differential species are shouwn.

A : Sphagnetum palustri-papillosi
B : Caricion curto-nigrae
C : transition between Caricion curto-nigrae and Valeriano-Filipenduletum
D : Valeriano-Filipenduletum
E + G ¢ transitions from Sphagnetum palustri-papillosi towards Frangulo-
Salicetum auritae
I : Alnc-5alicetum cinereae
J : transitions from Filipendulion towards Alno-Salicetum cinereae
i K : Carici elongatas-Alnetum
§ L : Macrophorbio-Alnetum
i {table XV from Wiegers, 1985)
Type L K I D J ¢ B A E/GF/H
number of relevés 4 17 27 13 7 9 26 7 17 24
i mean number of species 21 15 17 18 12 11 10 9 12 17
Betula pubescens 2 v.Iv . ., JIIT v Vv v
Brachytheotum rutabulum 3 II III "1Ivf . . . . . .
! Calystegia sepium 1 I I Ivy . . . . . .
! Stellaria media 1 1v I I} . .. . .7
' Solanum dulcamara 4IIT I I| . . . . .
Iris paeudacorus 4 + II II| =+ . . . . .
Poa trivialis i II 1 I1I . . . . .+
Eupatorium cormabinum 3 I 4+ II] + . . . . .
Plagiothecium dentteulatum|2 1 1 I| . . . . P
; Dryopterts dilatata 1 I1T II . . . . . .+
i Urtica dioica 3z x» . o o0 0 0.
Sambucus nigra B S O N
Crataggus monogyria 1 + 1 . . . . . . .
Ribes nigrum B S o
) Hedera helix T+ o+ e .. s e
: Thalictrum flavn 2 . +III} . . L . . o«
; Filitpendula ulmaria 4 L, I II .+ . . .
Angelica sylvestris 3 . I If . . . ..
) Stachys palusiris 1 o I II] « & 4 s e
i Mentha aquatica 3 . LI Il + . . . . .
Carex riparia P S L O
Rumex acetosa . I IIrI 1II . . . . . .
Valeriona offieinalis . IT IT II| . . e e e
Rumez hydrolapathum . o+ o+ II . . . . . .
Rhytidiadelphus squarrosus | .+ «+ 1| . . . . . .
Alnus glutincsa ATIII| . . . . e ...
Phalarie arundinacea . o+ IT) . . . . . .
Cardamine pratensis . I I S | . . . . . .
Viola palustris S I T P T T
! Cirsium palustre . I II 1II + 1 . ] . .
; Dactylorhiaa majalts T . I II . . .+ . .
Lysimachia thyrsiflora .+ I I1 . 1 . .
Eriophorum angustifolium .+  + o0 I VIIIOI
Oxrycoceus macrocarpos . . . . . . . I T T
Polygonum amphibium . . . Lt o+ . . I
Seirpus lacustris N S Y T > S G T
’ Danthonia decumbens . e N T
Erica tetralix . . . . . . . LJTIT O+
Potentilla anglica P Y e ¢
Osmunda regalie P 2 T [ S o
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Table II. Synoptic table of vegetation types in permanent quadrats in the
fen-woodland "De Suikerpobt” near Kortenhoef. Only differential species
are shown, T : tree layer, 5 : shrub layer, H : herb layer.

A : Carici elongatae-Alnetum betuletosum pubescentis

B : Carici elongatae-Alnetum sphagnetosum

C 1 Carici elongatae-Alnetum lysimachistosum

D ¢ Carici elongatae-Alnetum caricetosum scutiformis

£ : Carici elongatae-Alnetum thelypteridetosum

F ¢ Alno-5alicetum cinereae
Group A B c D E F
number of relevés 16 9 7 5 11 18
mean number of species 30 28 25 33 27 32
Bztula pubescens T V . . .
Guercus robur 3l 1v . . . .
Carex curta IV . . . .
Campylopus fragiltis I1L . . . .
Phalaoris arundinacea. I . . . . .
Compytopus flexuosus II . . . . .
Cephaloziella elachista 11 . . . . .
Sphagrum flexuosum IIL . . + . .
Betula pubescens SIIIZ . . II . .
Quereur robur H| Iv] II + . . .
Pohlia nutans ) II . . +
Dicranwm scoparium I1I . + + . .
Frangula alnus H| IV + IT TII I .
Cephaloaia bicuspidata v] IT + + II I
Sphagrum palustre v IV . . . .
Amelanchier lamarekii H| IV IV + + II .
Plagtothectum curvifolium + IT . . . .
Calypogeia fissa IV III 111 . + +
Holeus lanatus Vv Iv IIL + + L
Dryopterts dilatata 11 v v} III1 III III
Juncus effusus . v _III . . .
Sparganium erectun L) IIT + . . .
Rubug fruticosus s.l. +] TII + . . .
Pallevieinia lyeliii L IT + . . +
Saliw aurita/cinerea T . _II V] . III IIT
Caraex elongata . v . . . v
Cavex paniculata . IV + . I1 v
Eurhynchium praelongum I| Iv IIT v v v
Salix aurita/cinerea s 1 1II v v v v
Calliergonella cuspidata . LLIIT I IIT IV
Plagiothecium denticulatum . IT 1II v IV v
Polytrichum longisetum + N . . .
Thelypteris palustris . .11 v v v
Carex acutiformis . . v v Iv
Solamem dulegmara . + II v IV v
Lythrum salicaria . . .} I III III
Potentilla palustris . ot 11 * I
Carex ripartia . I 1I v I .
Salix capraea s . . LIT . +
Equisetum fluviatile . . . L] 11 T
Galium palustre + . . +| I1T v
Irie pseudacorus . + + IT . v
Poa trivialis . . + . IT v
Peucedanum palustre . . . . . + v
Lycopus europaeus . . . . . v
Cirsium palustre . . . . . v
Lerma minor . . . . LIV
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AGE STRUGTURE OF WOODY SPECIES IN PRIMARY SUCCESSION ON A RISING BOTHNIAN SEA-SHORE

T. Verwijst and W. Cramer

Institute of Ecological Botany, University of Uppsala, Uppsala, Sweden

Summary

This paper deals with the establishment and regeneration strategies of
Acer platanoides L., Alnus glutinese (L.)Gaertn., Fraxinus excelsiar L.,
Rippophae thamnoides L., Juniperus communis L., Picea abies (L.)Karst.,
Pinus sylvestris L., Populus tremula L., Quercus robur L. and Sorbus
aucuparia L. in various stages of forest succession following sea shore
displacement on a Bothnian Sea shore. Age determinations of more than 1000
individuals in three transects were used to reconstruct the establishment
history of the populations following sea shore displacement caused by land
uplift.

The relatively undisturbed wgodland and sea shere plant communities of
the same shore were analyzed using 59 releves. Successional trends in
these data were analyzed with multivariate methods and compared with the
results from the demographic study.

The lower woodland vegetetion zones conformed to a simple model of un-
disturbed primary succession driven directly by sea-shore displacement.
Regressicn anmalysis of age against elevation shcwed that the establishment
rate of Hippophag8 rhamnoides and Alnus glutinosa confermed to the rate of
sea-shore displacemsnt. Age structure of the higher parts of the forests
reflected other influences on vegetation dynamics, mainly edaphic factors
and former human impact.

Topographic and edaphic differences between the transects had a clear
influence on the succession of plant communities. On exposed shores with
a convex topography woodland communities developed with species more
adapted to nutrient-poar and dry conditions than on sheltered shores with
concave topography.

Keywords: Succession, population dynamics, land uplift, classification,
ardination.

Introduction

Primary succession seres have coften been inferred from the study of
spatial sequences {zonations) in vegetation, assuming that they reflect
different stages in a temporal sequence (Miles, 1979, Mueller-Dombois and
Ellenberg, 1974). This concept has been used widely for shore vegetation
(Cowles, 1899, Westhoff, 1947, Olson, 1958, Pierce and Kershaw, 1976} and
the vegetation of recessional glacial moraines (Cooper, 1923b).

The interpretation of existing spatial variation as representing dif-
ferent stages of a temporal seouence is putative, however, and may lead
to erroneous conclusions (Austin, 1977), because
- envirommental gradients can interfere with the successional trend,

e.q. microclimate near to a glacier front (Lindroth, 1965), edaphical

and topographical heterageneity {Olson, 1958} or salt spray gradients

(Dosting, 1954);
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- the directions of transitions between stages are hypothetical (Walker,
1970) and a successiocnal trend should therefore be sustained by dquan-
titative data on site age and population structure (Lawrence et al.
1967, Peet and Christensen, 1980);

- human activities may disturb the sequence (Schreiber, 1980).

We present here data on vascular plant response to changes in environ-
ment due to land uplift of a Bothnisn sea shore. The rising shcres of the
Bothnian and Baltic Sea offer an excellent opportunity for the study of
primary succession, because
- land uplift, being the main force underlying the environmental changes

during primary succession on these shores, is well documented and can

be guantified for each site;

- long-term studies have elucidated the relation between the zanation of
vegetation and temparal change in the environment (Luther, 1961, 1979,
Ericson, 1973, 198la, 198lb, tricson and Wallentinus, 1979);

- a variety of sites with only limited human impact is available.

We used two static approaches to analyze successional trends on these
shaores:

- the age structure of tree populations was used to reconstruct the es-
tablishment history of woody spscies in three transects. Tree age data
have occasionally been used for studies of succession (Salisbury, 1925,
Crocker and Major, 1357), but the age structure of such populations has
only recently been shown ta reflect changes in envirenment during the
individual tree's life-span (Heikkinen, 1984, van der Msarel et al.,
1285, Cramer, 1985, 1986). In our study area, trees and shrubs are
lifted 50 cm or morse above their location of establishment during less
than 100 years. We determired tree age and site age (defiped as number
of years the site has been abave mean zero level) and relsted them to
each other;

- we also collected phytosociclogical data to analyze the response of
plant communities to the major gradients on the shores, including the
site age gradient.

From these two data sets, we inferred a successional sere. We consi-
dered also sites outside the transects and we used air photographs and
historical records as a source of information about human impact and sea
shore displacement in the area.

Study area

The nature reserve ‘Haverd Présténg' (60° 07'N, 18° 42'E) on the coast
of Uppland, Eastern Central Sweden, is a peninsula in a relatively shel-
tered part of the Swedish archipelago. It offers a variety of shore
types - from exposed rocky shores to more sheltered morainic shores {with
shore-meadows) and strongly sheltered bays (with Phragmites communis
Trin. stands).

During the last 300-400 years, relative land uplift at Hivero Pristéng
amounted to ca. %.6 mm/yr (Cramer, 1980, calculated according to Rse,
1964}, Because of mineral and organogenic sedimentation {(shore drift and
plant necromass accumulation, respectively) in the Phragmites communis
zone, the sheitered shores can have an sven faster displacement than would
follow from the summation of the factors slope and relative uplift. An
estimate of the total horizontal shore displacement in the nature reserve
has been obtained from comparison of maps from different times {(Cramer,
1980).
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Sampling methods

Three transects were laid out, running from water level up into older
forest several meters above sea level., Along the transects (10x50m, 10x40m
and 5x35m in size)}, we age-determined all woody speciss individuals by
counting annual rings on cores or slices taken close to the stem base or
by counting terminal bud scars. This method of tree age determination
contains a source of error due to missing or badly developed rings, but
the result can be taken as a minimum value for tree age.

We mapped all trees {in transect III the vast amounts of small plants
were sampled in sub-plots and only the locatiocns of these plots were
mapped). Separated stems of clonally spreading species {(e.g. Populus
tremula) were treated as 'tree individuals’ (Whitford, 1949). We then
levelled the transects using grids of 1-2.5m width and interpolated the
elevation of each tree sbove sea level.

The vascular plant vegetation was sampled in 22 releveés according to
standard methods (Westhoff and van der Maarel, 1973), covering the whole
area of the transeects and 37 releves in the surroundings. Plant species
nomenclature follows Lid (1974).

Water level data were obtained from the Swedish Meteorclogical Survey
(SMHI) for the nearsst tide-gauge, 'Forsmark’, ca. 40 km north of the area.
We transformed the observations from this station to take accoupt of the
difference in relative land uplift between Forsmark and the study area.

Data treatment
Woody specises populations

We calculated site age at each tree's location by dividing elevation
above sea-lsvel 1984 (in mm) by relative land uplift (in mm/yr), assuming
that sedimentation and erosion on these shores played a minor role in the
displacement of the shore-line. Tree age data were converted to 'estimated
year of establishment' by subtraction of the number of annual tings or
terminal bud scars from 1984.

For reconstructionof the establishment history of the woody species
populations, we applied regression analysis of tree/shrub age versus el-
evetion (site age). This allowed us to test the hypothesis that establish-
ment of tree individuals only takes place in a well-defined elevation
range, as was demonstrated earlier for Alnus glutinosa (Cramer, 1985,
1986). We interpreted the slope of the significant age/elevation re-
gressions as a measure of the populations' establishment (colonization}
rate that can be compared to the speed of sea-shore displacement.

Transects I and II had their highest points at about 30 m distance
from the shore. Therefore, we excluded all trees, that were not located
between these highest points and the sea.

Vegetation

We first apalyzed the vegetation date matrix (59 releves x 168 species,
the latter counted separately for each stratum) with DCA {detrended cor-
respondence analysis) ordination using the program DECGRANA (Hill, 1979a,
Hill and Gauch, 1980). We tested all attempts at classification of the
data against the results of this ordinaticn. For classification, TWINSPAN
(two-way indicator species analysis - Hill, 1975b) was tried, but TABORD
(van der Maarel et al., 1978) turned ocut to give = result closer to the
ordination.
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Results

Zonation of the woody species

The general zonation pattern of the wocdy species oceurring close to
the shores of the area is illustrated by Fig, 1 A-C for the three tran-
sects. Transects I and II were situated on relatively exposed shores,
transect 111 in a sheltered bay. In the lower parts of the transects,
tree species diversity increased with elevation. In general, only Alnus
glutinosa and Hippophag rhamnoides grew close to water level; a number

of species grew higher up (Fraxinus excelsior, Populus tremula, Acer
platancides). In the highest parts, various ferest types including Picea
abies and/or Pinus sylvestris occurred.

Lyr] [em]

Site age
8
;
Elevation

Hippophaé rh.

Alnus glut.

Fraxinus exc.

Acer plat,

uercus rob.

uniperus c.

Inys sylv.

Qrbus auc.

icea ables

etula ver.

Betula pub.

Prunus padus

Fig. lA. Horizontal and vertical distribution of woody species in the
three transects. Vertical axes correspond to both elevation and (estimated)
site age. Filled bars: sea-facing part of transect.
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Fig. 1B (top) and 1C (bottom). For explanations, see Fig. 1A
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Tab.1. Table of vegetation types -

Clust e mwonher 12 ] i b i 7 F 1

Scirpus Labernaemontani & -4-%e 22-oe Jommmmmmme cmmmmmm s e mnem = o
Scirpus uniglumis ~ —3-55 44243

Phragmites communis - 68696 75454

Galium palustre - —--1- 22423

Caltha palustris [ P

Mentha aguatica - -4 73977

Triglochin maritimum - --=23 33323 322232-221 -1-2--—

Juncus gerardii — —---4 45747 54-3446433 68354334

Agrostis stelonifera - 44453 3333326443 43234333

Aster tripalium - —==1- 222332-323 —--omen z

Glaux maritima - <3--4 3224435322 3323--22

Plantago maritima - mem e -2 2222-2- 33423433

Centaurium littorale - --- -— =213-133

Odontites litarslis - 12843423

Ophioglossum vulgatum - 244-84-2 2eemmna-

Leonteodon autumnalis - 2233233 22?3 e e e o
Rhinanthus angustifolius- —--=5323 45342353 2 -- - -
Festuca rubra - -=-55156 -43--545 J-oormin—- -

i g
t
i

8768-262
--12--22
22302445 22233-2247- 1-
32332322 3323-24233- -
2-31-222 51872-76686 75
-133-122 3-223-223—— 2-
«=3-2222 4323--32--2 -~
22232353 52232-33334 -
32-33-—- -3-4-2333-6 4-
-242-233 2-443726423 43
88697376777

Hippophae rhamngides -
Alnus glutinosa -
Festuca arundinacea -
Valeriana salina -
Filipendula ulmaria -
Selinum carvifoliae -
Angelica arch,litoralis -
Centaurea jacea -
Inuia salicina -
Mglampyrum nemarosam -
HIPPDPHAE rhamnoides -
FRAXINUS excelsior -
ALNUS glutinosa -
SALLX aurita -
Crataegus monogyna -
Lychnis flas-cucul i -
fGeranium sanguineum -
Ranunculus actis -
Populus tremula -
Fraxinus excelsior -
RHAMNUS frangula -
ALNUS GLUTINGSA -
Anthriscus sylvestris -
Lysimachia vulgaris -
POPULUS TREMULA -
Anemone nemorosa -
Ranunculus cassubicus -
Paris quadrifelia -
POPULUS tremula -
ACER platanoides -
SORBUS intermedia -
tathyrus vernus -
ROSA spec. -
Rubus saxatilis -
RIBES rubrum -
Galium boreale -
Platanthera chlorantha -
Vicia cracca -
Potentilla erecta -
Poa nemoralis -
Melica nutans -
Hepatica nobilis -
Dactylis glomerata -

[ SRRV S KN SN SRV NN
t
|

Acer platanoides - 22
Roegneria canina - 1--412 - -2
Viola riviniana - 323242 - 32
Primula veris - 233-3- 2 3-
Geum rivale - i-2--2 - 2-
BETULA VERRUCOSA - --—--§4 - 87
Convallaria majalis - 346344 6 -3
Geranium sylvaticum - 223-32 - 32
PICEA ABIES - 5 77
Luzula pilosa - 233
ACER PLATANOIDES - - -4

Haianthemum bifolium -
Dryopteris Filix mas -
LONICERA xylosteum -
Sorbus aucuparia -
Quercus robur -
SORBUS INTERMERIA -
Laserpitium latifaliom -
Polyganatum adoratum -
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Tab. 1. {(continued)

FRAXINUS EXCELSTOR -
Ribes rubrum -
i VIBURNUM opulus -
i MALUS sylvestris -
. GUERCUS ROAUR -
: Carex montana -
Ribes alpinum -

JUNIPERUS communis dead -
' JUNTPERUS communis -

Yeronica of ficinalis -
. SORBUS aucuparia -
: Fragaria vesca -
: Polypodium vulgare -
i PENUS SYLYESTRIS -
! Melampyrum sylvaticum -
: Rhamnus frangula -
! SORBUS AUCUPARIA -

Lycopodium annotinum -

Species with »50% presence
in at lesasl one group

Phalaris arundinacea - Species with low presence

Sonchus arvensis -
Juncus spec. -
Carex extensa -
Sagina nodosa -
Linum catharticum -
Stellaria palustris -
Lotus carniculatus -
! Carex flacca -
: Taraxacum officinale -
Rumex acetasa -
HIPPOPHAE rhamn, dead -
Poa trivialis -
Brachypodium pinnatum -
Viela hirta -
Vincetoxicum hirundin, -
Juniperus communis -
Sedum maximum -
ROSA canina -
BETULA verrucosa -
i PRUNUS padus -
i Milium efFusum -
Pyrola rotundifolia -
RIBES uva-crispa -
Ribes uva-crispa -
Deschampsia caespitosa -
QUERCUS robur -
Anthexanthum adoratum -
Campanula trachelium -
Listera ovata -
Pimpinella saxifraga -
Picea abies -
CORYLUS avellana -
Vaceinium myrtillus -
Alchemilla spec. -

Species with only single occurrences:
Croup No.2: Ramunculus baudotii
No.3: Potentilla anserina
Ne.4: Juncus articulalus
No,6: Cirsium palustre, Sagina procumbens, Plantage major, Hieracium sp.
No.7: Galium verum, Satureja acinos, Prunus padus, Lythrum salicaria, RHAMNUS cathartica
Np,8: Carex disticha, Iris pseudacorus, Lysimachia thyrsiflora, SALEX SPEC.
No,9: Glechoma hederacea, Achillea wmillefolium, Viburnum opulus, Ribes nigrum,
Sorbus intermedia, MALUS SYLVESTRIS, Lonicera xylosteum, Angelica sylvestris,
Epipactis helleborine. Daphne mezetewm, PICEA abies, Hieracium sylvaticum,
Ho.10: ¥Yaceinium vitis-idaea, Trifolium montanum, Stellaria graminea,
No.11: Trifolium medium, Huperzia selage, DAPHNE mezereum

Notes: Species and gemus names 1m capital letters: tree laver,
¢ only genus neme in capital letters: shrub layer
‘ others: herb layer
il
!

I

'Agrostis stolonifera' includes also Agrostis gigantea,
'Angelica arch.litoralis’ means Amgelica archangelica ssp.litoralis
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Floristic trends

DCA showed one major gradient of species compositicn along a first axis
{eigenvalue: D.863)., Subseguent eigenvalues were much lower (0.314, 0.237,
0.164).

There is a strong {nesgative) correlaticn between altitudinal positiocn
of the samples and the firet axis (Fig. 2). Field observations and the
general requirements of many of the species suggest a good correlation
between the second axis and the factor 'exposure'. The most sheltered
transect in the dense Phragmites communis-reed is found close to the
first axis while the others are situated at higher levels of the second
axis.

We initimlized the classification proecedure TABORD with an arbitrary
cluster array and set the program options at intermediate values. The re-
sulting TABORD clusters were then plotted as an overlay on the DCA ordina-
tion diagram. When groups were very large, they were split into two or
more sub-groups, and TABORD was run again with the cluster array obtained
by this procedure. This iterative method of refining the cluster array
(as suggested by van der Maarel et al., 1978) was repeated several times
and resulted in = final table of vegetation types {(Tab. 1).

Tab. 2 shows Wishart similarity ratios for the groups obtained with
TABORD. On the lower parts of the shore, the average within-cluster
similarities are clearly higher than the between-cluster similarities
{groups 1 to 7: the apen shore up into the Hippophag-belt). In contrast,
within-cluster similarities in the few remaining, much more species-rich
woodland clusters are relatively lower. More samples would be necessary
to establish a representative classification of these species-rich com-
munities., Nevertheless, the location of these small groups B to 11 in
the DCA-diagram shows that they are clearly separated (Fig. 2).

Tab.2 Sizes and Wishart similarity ratios for the final clusters in Tab.1

Cluster Size Average similarity most similar between-cluster
ratio within the cluster similarity ratio
cluster
1 1 1.0600 2 0.0783
2 5 0.6558 3 0.4299
3 5 0.8124 2 0.4299
4 10 0.6468 5 0.4553
5 ] 0.6643 4 0.4553
6 8 0.5%60 5 0.3784
7 1 0.5599 6 0.2979
8 2 0.4752 9 0.,409G
9 6 0.4493 8 0.40%90
10 1 1.0000 9 b.3%28
11 2 0.4886 9 0,2989

Establishment history of the woody species populations

Tab. 3 lists the parameters of the regressions for tree age versus site
age (elevation} separately for each species in each transect, the two
exposed transects I and II together, and in all transects (see also
Fig. 3 A-C). The following species showed establishment rates in agree-
ment with the rate of sea-shore displacement, i.e. significant regressicns
of age versus elevation with slopes close to 0.56 cm/yr (P<0.05): Alnus
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glutinosa (transect 11}, Fraxinus excelsior (I, III), and Hippophad
rhamnoides (I, I11}. Others had significant correlations, but their
slopes differed from the rate of sea-shore displacement: Alnus {transect
I - steeper slope) and Picea (II - negative slope). The same tendencies
were observed in regressions calculated on several transects lumped
together.

TRANSECT 1

Acer platanoides

Hippopha& rhamnoides

Elevation (1984)

Alnus glutinosa

Picea abies

(cm]

200

150

- a o
=]
— o o®
2 | e
< 77.2% N e
P < 000 ey ] e
T | [ T T 1 T
Fraxinus excelsior - Sorbus aucuparia
o
- o
a5 o]
] o ® oOg
- LS

—
1850

Establishment year

Fig. 3A. Oiagrams of establishment year against ‘elevation for each
species in each transect (only shown, if more than 3 individuals could
be age-determined. Significant regressions are plotted with 55%-
confidence intervals. Dashed line denotes sea-shure displacement.
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Elevation {1984)
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The establishment of Hippophaé rhamnoides followed the retreating
shore-line with a speed similar to the speed of sea-shore displacement.
Hippopha® is the pioneer woody species on more exposed shores in the
region, spreading effectively by root suckers protruding bstween the
stones in the coarse substrate. Its lower limit seems to be mainly
determined by destruction from ice-movement in late winter.

Alnus glutinosa is the pioneer species on slightly more sheltered
shores. In transect I, the establishment rate of Alnus exceeded the
rate of sea-shore displacement. This discrepancy can be explained by
the substantial aggregation of shore drift material and litter in the
alder woods, giving a higher level of the soil surface (Ugolini, 1968)
for our measurements than existed when the seedlings established. In
this respect, Alnus differed from Hippophag, which showed an establishment
rate more directly connected to the rate of sea-shore displacement.
Disturbance (such as destruction by ice-movements and storm waves) is
less intensive at the Alnus-sites, allowing greater accumulation of
litter and drift material.

Fraxinus excelsior established in step with sea shore displacement in
transects 1 and 1II, but the 29 individuals in transect Il appeared
irregularly at all elevaticns. The tree-age/site-age correlation in
transect I results from a pattern similar to that of Alnus and Hippophag
(trees establishing only in a certain zone following the retreating shore
line), but transect TII devisted because of the vast numbers of small
plants of varying age. These began to invade the transect around 1950 at
a wide rangs of elesvations. The weak, but significant correlation
(RZ2 = 4.3%) depends entirely an the threeoldest Fraxinus individuals in
the transect and disappears when they are removed from the analysis.

Acer platancides, Quercus robur, Sorbus aucuparia and Betula verrucosa
(1ike Fraxinus) invaded transect I and/or I1I rather suddenly arcund
1950 in a wide elevation range. No correlation between site age and
tree age could be detected.

Many junipers {Juniperus communis) were found dead in 811 transects,
especially in transect III. Lt was not possible to establish a signifi-
cant correlation between age and elevation for the surviving junipers
in any transect. All the dead juniper bushes were under a rather dense
canopy of other trees, while the survivcors grew near rocky outcrops at
higher light intensities.

Populus tremule occurred only in the sheltered transect 11I. All but
two individuals appeared between 1930 and 1950. Many trees were rotten
inside and could not be age-determined. No regularity could be found
in their establishment.

Discussion
Successiaonal trends in the woody species

From these results, we infer a simple generalized scheme for the suc-
cessional role of each woody species. .

Establishment of the pioneers on the shores of the study area (mainly
Alnus glutinosa and Hippopha& rhamnoides) is governed by the availability
of open surfaces emerging from the sea. Alnus and Hippopha& do not
establish elsewhere in the woodland communities studied, and both the
beginning and the end of their life-cycle appear to be dependent on
sea-shore displacement (Fig. 3).

The method of reconstructing the establishment history of these popu-
lations allows determination of their establishment rates. Whers these




rates are similar to the rate of sea-shore displacement, we infer that
sea-shore displacement directly drives succession. Where establishment
rates differ from sea-shore displacement, we can only make qualitative
suggestions about the causes of succession.

Alnus glutinosa and Hippophaé rhamnoides show the effect of sea-shore
displacement most clearly. We can make a distinction between the two
species: sites with older Alnus-trees have a higher elevation than those
of equally old Hippophaé-bushes. This difference agrees with the field
ohservation that more litter and drift material is accumulated at the
Alnus-site than at the Hippopha&-sites, leading to a local upheaval of
the soil surface that is faster than relative land uplift (Ugolini, 1968}.
vle suggest two main reasons for the difference in distribution of these
two species: (1) a greater tolerance of Hippopha& towards mechanical
disturbance (ice-movements and heavy wave action), removing most of the
material accumulated on top of the substrate and (2) an important
difference in substrate (much higher humus-content in the Alrnus woodland).
Here is a key toc understanding the successional consequences of the
different establishment strateqiesof these two species: intensive pro-
duction of rcot suckers (Hippophag - Pearson and Rogers, 1962, Ranwell,
1972} and relatively more intensive production of seedlings {Alnus -
McVean, 1953, 1956). Veoetative praopsgation seems to be favourad by
unstable, loose substrate; sexual propagaticn bensfits from a lower
degree of disturbance and availability of organic deposits (litter).

Fraxinus excelsior was shown to establish in step with sea-sKore dis-
placement in two of three transects, but with a much wider range of
estahlishment elevation. Fraxinus germinates much more profusely than
Alnug and seems to be able to make use of more 'safe sites' occasionally
becoming available. We therefore reqard Fraxinus as a transitional
species, establishing where sea-shore displacement offers new sites
but also favoured by other important changes in snvironment.

Such a change took place around the year 1950, when grazing in the
area (mostly by sheep) ceased and no impartant human influence occured
any more (E. Jansson, Trésta, pers. comm.). Today, there is still
grazing of moose {Alces alces) and roedeer (Capreolus capreolus). The
effects of cessation of sheep grazing can be seen in transects II and
I1I iliustrated by a sudden colonization of Acer platancides (TI11),
Betuls verrucosa (IT), Fraxinus excelsior (I111), Quercus robur (IT + IIT),
and Sorbus aucuparia (11} inte (presumably) open, park-line pastures
with scattered trees. Evidence for this is also given by a series of air
phetographs, the oldest one from 1943, showing the rapid closing of the
canopy. Note also that colonizing Betula verrucosa, both under primary
successsion (close to the sea in tramsect II) as well as under secondary
succession, was always closely followed by Picea abies (Fig. 1., A-C).

The increase of the species we found on former qrazing &areas is
contrasted by the large number of dead Juniperus communis still standing
in the shade of the dense canopy. In transect III, several of these dead
Jjunipers were now surrounded by Quercus indiviudals growing in circles of
less than 1 m in diameter that seem to have been the first new trees
appearing after sheep grazing had ceased. Similarly rapid secondary
succession is known from both pastures and meadows in the same kind of
woodland elsewhere in the region (Haeggstrdm, 1983).

Age structure analysis of the woody species populations thus allowed
for a distinction between secondary succession after release from grazing
and the primary succession of the pioneers, Alnus and Hippophaé, that had
been taking place already during the grazing peried. But Alpus and
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Hippopha#& may still have been affected by grazing. The age/elevation
graphs (Fig. 3.) indicate that both species established more profusely
after grazing had ceased. For Hippophag, this observation agrees with
Ledwood and Shimwell (1971) and Ranwell (1972). Vinther (1983) showed
that Alnus glutinosa can be favoured by (moderate) grazing, but Fremstad
(1983) described the species as a common colonizer of compleiely aban-
doned grazing land in W-Norway.

Successional trends in the vascular plant vegetation

The generalizations made for the three transects imply a strong sim-
plification regarding different successional pathways on varying
substrates and/or degrees of exposure. These dimensions can be illustrated
by the vascular plant vegetation analysis. The results of this analysis
(Tab. 1., Fig. 2.) can be interpreted as chroncsequences, because the
evidence for the overall successional trend from open sea-shore communi-
ties to woodlands and forests is provided by both previous studies and
by our demographic results.

Exposure to heavy wind and wave action is reflected both by the DCA-
ordination (Fig. 2. separates wave-wash tolerating species like Aster
tripolium and Glaux maritima from those more adapted to sheltered
conditions, like Phragmites communis and Scirpus uniglumis) and by the
TABORD-clasaificatisn (Tab. 1. separates groups 2 + 3, sheltered, clearly
from 4 + 5, exposed). Following the main successional trend through the
ordination diagram (Fig. 2, right to left), we see a separation in at
lesst two different site groups also at higher elevations. The species
composition of the two main woodland groups shown on the left hand side
of the diagram (group 10/11 wversus group 8/9) reflects differences in
soil characteristics resulting from topography and exposure:

- the "sheltered graoup' (8/9) with species demanding relatively high
levels of both moisture and nutrients (Populus tremula, Laserpitium
latifolium, Lysimachia vulgaris, Anemone nemorosa;. Due to a concave
topography, these sites have been more subjected to aeccumulation of
drift material than to wave erosion, when they passed through the
water level. A rather fine substrate with high water capacity and high
humus content is the result.

- the 'exposed group' (10/11) with species more adapted to drier condi-
tions with lower nuytrient levels (Pinus sylvestris, Lycopodium annctium,
Melampyrum sylvaticum}, The sites are lccated on convex features of the
topography, such as highest areas of low former islands or outer parts
of peninsulas. The soil is coarse with rocky outcrops in between and a
thin humus layer,
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PRIMARY FOREST SUCCESSION ON BLOWN - OUT AREAS iN THE DUTCH DRIFT SANDS

J. Fanta

Dorschkamp Research institute for Forestry and Landscape Planning, Wageningen, The Netheriands

Summary

Blown-out areas in both former and recent drift sands of the Veluwe
hills, central Netherlands, were chosen for research on primary suc-
cession. On 13 sample plobs situated in open drift-sand aress or in Scots
pine stands of different ages (the oldest approx. 130 years old} detailed
analyses of the herbaceous and tree layers were carried out and the totsl
amount of the dead organic matter (litter) imcl. humus on and in the soil
was determined. This enabled the succession of the plant and tree species
as related to the age of the Scots pine stands and the litter/humus layer
development to be ascertained.

Keywords: Blown-out areas, primary succession, initial litter and humus
formation.

Introguction

This research toock place in the area of Hulshorst drift sands, Leuven-
herst and Leuvenum Forest, NW Veluwe, central Netherlands. Much informa-
tion is available about past forest developments in this area (old
topographic and forest maps, ferest administration records, etc.) and
this ¢an be used as the basis for research on forest succession. Using
this material 1 was able to reconstruct the general forest develcopment
in this area over the past 130 years.

The research was concentrated on the blown-out areas, both former and
recent. These blown-out areas provide good conditions for research in
primary succession because of their uniformity. The substratum is a
gravel-rich, coarse fluvio-glacial sand, often covered with a thin layer
of fine drift sand. The only factor that can cause variation between
sites is the layering of the substratum. Generally,the substratum is
easily permeable to precipitation. Locally, however, a thickened
substratum layer is present, resulting in a water supply different to
that on "normal sites". These pleces are moist and can be recognized
in the field by their vegetation (e.g. Calluna vulgaris and Juncus
¢ squarrosus in the initial successional stages; Molinia caerulea in
later stages}. These places were not involved in the research.

In the recent, unforested blown-out areas, no soil profile has
developed. In the forested areas, shallow, micropodzol scils in
initial stages of soil profile differentiation ‘are developing.

Thirteen sample plots were chosen in the open sand area and in Pinus
stands of different ages {the oldest being approximately 130 years old).
On these plots the herbaceous and tree layers were analysed in detail
and the total dead organic matter (litter) including humus, both sbove-
ground and in the 25 cm mineral layer, was determined. This revealed the
succession of plant and tree species as related to the age of Pinus stands
and litter/humus layer development.
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Succession

The succession starts when the coversand layer has been blown off and
the level of the fluvio-glacial deposit has been reached. The course
of the primary succession with its particular stages (phytosociologi-
cally defined) is given in figure 1. The initial stage is formed by
Corynephorus canescens, later accompanied by Festuca ovina subsp. ovina
and Spergula morisonii. It can be described as the Spergulo-Corynephoretum
association. The following stage is dominated by Polytrichum piliferum
and Algae. According to Stafleu & Westhoff (1940} it is the Politrichum
piliferum facies of Spergulo-Corynephoretum.

species of the
Betulo-Quercetum roboris
typicum
?

Empetrum nigrum

Birch-nak forest

mixed vegetation of
Deschampsia flexuosa, Pleu-
rozium schreberi and other
mosses, Vaccinium myrtillus,
Empetrum nigrum

Deschampsia flexuosa

T

Dicranum scoparium,
Hypnum cupressiforme

Scots pine forest

Cladonia sp. div.

stages of herbaceous synusia dominated by

Polytrichum piliferum,
Algae, Lichenes

.T

Corynephorus canescens,
Spergula morisonii

t

drift sand

Treeless landscape

Fig. 1. Primary succession on blawn-out areas in Hulshorsterzand
and Leuvenum Forest
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The initial stage of the forest is formed by Pinus sylvestris with
lichens, which can be seen as some kind of Cladonic-Pinetum, later
followed by Pinus forest with mosses, which refers to the associ-
ation Leucobryo-Pinetum. In the next stage Deschampsia flexuasa

becomes dominant for a long time. Progressive decay of iis cover allows
characteristic forest plants and mosses such as Vaccinium myrtillus,
Empetrum nigrum, Pleurozium schreberi, Leucobryum glaucum etec. to

infiltrate. The preliminary terminal stage, which is reached after

approximately 100 years of development, is a Pinus

forest with

Empetrum nigrum, which is anslogous to the Empetro-Pinetum association.
The successive development of vegetation on this site is given in

table 1.

Table 1. Primary succession on blown-out areas in Hulshorst drift sands

and Leuvenum forest.
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Spontaneous regeneration of Pinus in gaps or under a light canopy cf
the old stands leads to the repeating of the terminal stage. It can
be designated as a progressive succession and iterative strategy.
Possible retrogressive development, decay of the forest community without
any tree regeneration, could lead to some kind of poor heathland becoming
“Ersalzgesellschaft" of the forest (deflective strategy; Fanta, this
volume). Alternative strategy {replacing of Pinus with an "earlier™
succession tree species) cannot take place under these simplified
circumstances because only one - ploneer - tree species is present.

In the transient and terminal stage of Pinus forests seedlings of
broadleaved tree and shrub species appear regularly (Betula pendula,
(uercus robur, Frangula alnus; Betula pubescens and Fagus sylvatica can
also be present). They are, however, browsed by red and roe deer and
rabbit, and therefore the brecadleaved tree specles cannot regenerate
successfully on these poor sites. The only tree species that can survive
under these circumstances is Pinus. If game browsing did not occur,
succession might continue and reach some poor variant of birch-onak forest
(Betulo-Quercetum) at least.

Relation “Vegetation succession-litter and humus formation”

the ecesis of plant and tree species is closely related to forest
litter accumulation and humus formation (fig. 2). The first humus-
praducers are Polytrichum piliferum and Algae. Litter production depends
on FPinus. The ecesis, dominance and decay of Dechampsia flexuosa cover
is obviously closely related to the phase of maximum litter production
in Pinus stands. The first forest plants (such as Vaccinium myrtillus,
Empetrum nigrum and Pleurozium schreberi} appear when a humus laysr
(moder bumus) is being formed as the result of slowly advancing
fermentation. Pinus regenerates in gaps or under a light canopy cover
of old stands, where little litter supply and more intensive decomposition
take place.

Humus plays a very important psrt of this site, supplying the ecosystem
with nutrients and water. It is possible that an increase of humus content.
in the ecosystem in the course of a few forest generations will auto-
matically lead to a different type of terminal stage of succession,
some poor variant of a bizch-oak forest (such as if gsme browsing
were excluded); the Empetro-Pinetum would then only be one of the pre-
climax succession stages of the birch-cak climax community. The present
Empetro-Pinetum should therefore be seen as a kind of disclimax dependent
on the present impact cof animals.

Scots pine forests planted on this site develop along the same lines
as the spontansous succession, but more rapidly. This is undoubtedly
because litter production is greater in planted stands, which, compared
with the spontaneous forests, are regularly kept in a dense canopy and
preduce more litter.

Conclusions

The analyses described provide much ecolegical information about plant
and tree species strategies during succession. Using this information,
development trends of the potential natural vegetations as related to this
site can be predicted with great accuracy. Forest plant ecesis, cover
culmination and decline, natural regeneration of forest trees, seedling
survival, humus layer development and other dynamic phenomena can be better
understood in terms of their interrelations within the framework of the
entire ecosystem: they do not take place occasionally and in isolation,
but have their lagical place in the course of ecasystem development.
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DYNAMIQUE DE CICATRISATION DES OUVERTURES NATURELLES DANS DES RESERVES' BIOLOGIQUES DE LA FORET
DE FONTAINEBLEAU (Environs de Paris)

G. Lemee! , A. Faille® et J.Y. Pontailler!

"Lahoratoire d"Ecologie vépétale, Université de Paris-X|, Orsay, France

2Laboratoire de Biologie végstale et Ecologie forestitre, Université de Paris-VII, Fontainebleau, France

Summary

The biological reserves of '"La Tillaie" and "Le Gros Fouteau"™ in the
Fontainebleau forest consist of a beech stand mixed with some hornbeams
and oaks. In the middle ages,cak was dominant.

Openings caused by death of trees show three closing strategies:

1. Obstruction by enlargement of marginal crowns, major process in small
gaps. ]

2, Growth recovsry of shade tolerant species (beech and holly tree) with
global growth increases.

3. Natural regeneration subsequent to the gaps, beech is now present nearly
everywhere, alone.

Beech regeneration and development must be related to success and abun-
dance of beechnut falls, gaps size, scil types and presence of herbaceaous
canopy.

Three stages were recognized; a rest one, before the first regeneration,
an establishment one, when populations are setting up, a competiticn one,
when mortality of youngest trees is appearing, due to crowns junction.

If some favourable facltors appear simultanscusly, old gaps, near the
forest borders, may be colonized by shade intolerant species. These
"opportunists™ are Betula wverrucosa, Pinus sylvestris, Quercus petrasa or
Fraxinus excelsior. Their populations are cften colonized by hornbeam
and mainly by beech which will replace them later because of his langer
life (oak excepted).

The evolution of these reserves leads to a reduction of taxonomic
diversity.

The global efficiency of those closing gaps strategies was determined
by comparison of two clearing maps established in 1968-71 and 1980-82,
lap without any important tree fall. Forest gaps, which cccupied 11,5 %

! of both reserves area represent now less thané %. After the hurricanes
of 1967, these reserves are now returning to a structural balance.

Keywords: Gaps, regeneration, forest succession, reserves, beech.
.

Introduction

Dans toute forét non exploitée, les ouvertures provoquées dans le
peuplement arborescent par la mort de grands arbres initient localement
une phase de déstabilisation de plus ou moins langue durée. De nombreuses
publications ont décrit ces perturbations dans leurs divers aspects méso-
logiques, floristiques et biologiques. lLa réorganisation structurale met
en oeuvre différentes stratégies dont 1'importance respective varie
suivant la composition taxonomicue du matériel végétal et les dimensions
des cuvertures, et dont on trouve une description, pour la forét tempérée,

170

"




dans des publications telles que celles de MARKS (1974}, CONNELL et
SLATYER (1977}, BORMANN st LIKENS (1979), OLIVER {1981).

Ces stratégies concernent soit la végétation antérieure & 1'ouverture,
sa0it 1'établissement de nouveaux individus postérieurement & la perburba-
tion. Les premidres sont 1l'extension latérale des couronnes d’arbres
oerlpherlques, la formation par ceux-ci de branches basses dites épicor-
miques, la production de rejects de souche d'arbres endommagés, 1'appari-
rjon de drageons sur les racipes, la libération de tiges antérieurement
séprimées par 1'ombrage. Les individus gui s'établissent aprés 1'ouver-
ture proviennent de la germination de graines dormentes antérieurement
enfouies dans le sol ou de celle de graines dont l'arrivée est postérieure.
Les graines proviennent d'arbres du peuplement in situ ou extérieurs &
celui-ci; les premiéres, qui appartiennent généralement & des espéces
résistantes A 1'ombrage, sont lourdes et dépourvues de moyens de dissé-
mination; les secondes sont produites per des espéces intolérantes a
1l'ombrage et possident des moyens de dissémination par anémochorie ou
ornithochorie.

Ces différentes modalités de fermeture des vides ant été reconnues et
ampiement déecrites dans les foréts du nord-est des Etats-Unis auxquelles
participent d'assez nombreuses espéces ligneuses. Dans les plaines d'Europe
occidentale et centrale, on a également décrit des successions cycliques
oll les vides dans les peuplements d'espéces de stades terminaux sont
colonisés par des espéces pionniéres (WATT, 1925, KOOP, 1981, FALINSKI,
1978},

" Les réserves biologiques intégrales de la Tillaie et du Gros Fouteau
en fordt de Fontainebleau, dont les écosystémes ont été décrits par
ailleurs (LEMEE, 1978}, constituent un cas original quant & leur peuple-
ment ligneux qui est dominé fortement par une seule espece, le hétre,
trés tolérant a4 l'ombrage et qui assure actuellement pour 1'essentiel la
fermeture des vides.

Ces réserves sont situées & une cinquantaine de kilométres au sud-est
de Paris. D'une surface de 35 ha pour la Tillaie, de 25 ha pour le Gros
Fouteau, eslles sont localisées sur un platesu de 133 4 138 m d'altitude,
presque entidrement constikué par le "calcaire de Beauce" recouvert d'un
dépdt éolien de sable siliceux dont 1'épaisseur varie de quelques décimé-
tres a plus de deux métres.

La température moyenne annuelle est de 10,15 9C et les précipitations
de 70 cm avec une répartition mensuelle assez uniforme.

Les sols sont organisés selon une séquence en relation avec 1'épaisseur
du sable, depuis un sol brun lessivé jusqu's un podzol humique en passant
par des états intermédiaires de lessivage, puis de podzolisation (BOUCHON
et al., 1973). Les groupements végétaux sont, sur le sol lessivé, le
Melico-Fagetum (Ordre du Fagetalia), sur le sol podzolique et le podzol
ie Deschampsieto-Quercetum (Ordre du Quercetalia robori-petraeae}, sur les
sols & faible podzolisation superficielle un groupement intermédiaire.

L'arbre dominant est partout le hétre (Fagus silvatica). Le chéne sessile
{Quercus petraea) a été supplanté progressivement par le h&tre depuis
1l'abandon par 1l'homme de 1'ancienne chénale médiavale, comme le montrent
les diagrammes polliniquss de scils de la Tillaie {(GUILLET et ROBIN, 1972)
et du Gros Fouteau. Le charme {Carpinus betulus) et le houx (llex aqui-
felium), tolérants & 1'ombrage, sont assez abondants, surtout au Gros
Fouteau cl ce dernier forme de nombreux fourrés.

Nous avons réuni ici nos principales observations sur la fermeture des
clairidres dont certaines ont fait 1'objet de publications {FAILLE et
al., 19B4a et b, LEMEE, 15985) auxquelles nous joignons la description de
la structure et de 1'évolution des jeunes populations cicatricielles de
hétres.
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Resultats
1. Origine des cuvertures actuelles

On distingue deux causes: 1'une est continue dans le temps, cfest la
mort sur pied des arbres Agés; l'autre est de fréquence aléatoire, il
s'agit des déracinements et cassures par coups de vent, la derniere
tempBte dévastdtrice étant passée en 1967. Au Gros Fouteau, les morts
par sénescence et par coups de vent se répartissent de menidre & peu prés
égale dans l'origine des clairieres actuelles; par contre les forts coups
de vent sont plus meurtriers & la Tillaie, qui, entourée partiellement de
surfaces déboisées, est de plus surchargée en vieux arbres et renferme,
dans sa partie nord, un podzol sur lequel 1'enracinement est plus super-
ficiel.

Les vides actuels ont été ouverts en une ou plusieurs fois et leur
ancienneté est trés variable.

2. Nompre et surface des ouvertures en 1980-81

La densité des ouvertures de surface supérieure & 5 m? % la verticale
des bords de courcnnes des parois est en moyenne de 7,5 par ha a la
Tillaie, de 3,4 seulement au Gros Fouteau. Leur distribution par classes
de surface montre dans les deux réserves une décroissance d'allure expo-
nentielle jusqu'd 300 m* avec cependant quelques trouées besucoup plus
grandes & la Tillaie (Fig. 1).
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Fig. 1. Répartition de la gurface des ouvertures de la Tillaie en 1%80-81
(ouvertures de plus de 5 m%).
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3, Fermeture des clairiéres actuelles

a. Modalités: la rédsorption des vides est réalisde selon trois stratégies:
_ croissance latérale des couronnes autour de !'ouverture; c'est le mode
principal dans le cas d'ouverture par un seul arbre (Fig. 2);

1982

1969

O o .,

. : L . : G. ¢
. a .' : . .
/" Limitc des couronnes des grands arbres, —1m ,
N Troncs des grands arbres.
@ Arbuste,
b 4 Arbre mort sur pied.

aonsfa  Tronc ou arbre entier au sol.

Fig. 2. Evolution d'une trouée ouverte entre 1965 et 1968 par mort sur
pied d'un vieux hétre. Malgré 1'installation de guelques semis, la
fermeture est assurée uniquement par accroissement latéral des arbres
périphériques.

- libération d'un sous-étage arbustif constitué par le hétre ou par le
houx, essences tésistantes & 1'ombrage dont la croissance est accélérée
aprés levée de la répression par la volte (FAILLE et al., 1984; CLABAULT
et LEMEE, 1980). Ce sous-étage est presque uniguement localisé sur les
surfaces recevant le plus de rayonnement: sous les vieux chénes ol 1l'arbre
de remplacement est le htre et au voisinage des clairidres ol pénétre
1'éclairement. latéral; ces "éléments d'avenir" peuvent Btre assez denses
pour que la mort d'un arbre ne dégage pas de surface vides
- régénération par semis postérieurs aux ouvertures, A la différence des
stratégies de cicatrisation par un matérial préexistant, celle-ci ne se
met que progressivement en place (Fig. 3). La trés forte prédominance
du hétre & la périphérie des clairigres et son faible abroutissement par
les cervidés font qui'il est de loin le mieux représenté dans les régéné-
rations. Plusieurs conditions doivent Btre successivement réuniss pour
assurer son succes:
(1)abondance et réussite des fainées aprés 1'ouverture (PONTAILLER, 1979);
(2)taux de survie suffisant des semis face & la prédation des herbivores
et phytophages;
(3)absence de 1'extension d'héliophytes sociales, fougére-aigle, ronce,
Calamagrostis epigeios, Brachypodium pinnatum, qui entravent }'implan-
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1m
fFig. 3. Clairiére ouverie par chablis en 1967. Fermeture par accroissement

latéral des cocuronnes périphériques, développement de jeunes tiges
préexistantes {P) et étehlissement de trois régénérations successives.

tation des semis; ce processus illustre le "modele d'inhibition” des
successions déerit par CONNELL et SLATYER {1977);
{4)Yextension modérée des fourrés de houx libérés par les ouvertures et
sous lesquels aucune germination d'arbre ne peut s'implanter.
Dutre ces facteurs de nature blOlOgquE, des caractéres stationnels
interviennent:

- la surface des ouvertures: la partie centrals des grandes ouvertures

se referme plus lentement que leurs bords par suite de la plus faible

quantité de semences qu'elle regoit, observation déji rapportée par

WATT (1925) en Angleterre;

- la pédologie intervient dams la réussite des régénérations, les sols

podzolisés étant défavorables par 1'épaisseur de leur couverture orga-

nique biologiguement peu active (LE TACON, 1982) et 1l'extension rapide de

la fougdre-aigle dans leurs clairigres. .

b. Stades de la fermeture par régénération: ncus avens distingué dans le

processus de fermeture par régénération trois stades de durée differente

d'une clairigre & l'autre et & l'intérieur d'une méme clairiére:

{1)un stade d'attente jusqu'd ce que se produise une régénératicn; d'une
durée parfois trés longue lorsque s'installent des héliophites sociales.
Le Calamagrostis epigeios, notamment, s Dppose aux régénérations jusqu'a
ce que ses peuplemeénts, v1e1115, commencent a4 déaqénerer;

(2)un stede d'occupation oll s'établissent des populations ouvertes a la
suite de fainfes non entidrement détruites;

174




(3)un stade de compétition lorsque, les couronnes étant dévenues confluen-
tes, se constitue un fourré, puis un gaulis.

4, Evoluticn individuelle des h&tres: morphologie et croissance

Les modifications morpholbgiques du jeune hétre aprés passage de 1'état
isolé aux conditions d'un peuplement fermé sont conformes aux descriptions
classiques comparant la "forme spécifique" et la "forme forestiére":
élagage natural, obliquité plus accentuée des branches vers le haut,
élévation du rapport de la hauteur de 1'axe 3 son diamétre prds de la
base (Fig. 4), surface et volume de la courcnne plus réduits par rapport
au diametre du tronc, répartition modifiée de la production au profit de
lfaxe (Tableau 1). La relation entre la masse ligneuse aérienne, BL en kg,
et le diamétre de l'axe & 15 cm, D en mm, répond pour les individus
isalés a 1'édquation:

BL - 0,0293 D254 (r = 0,995)
et pour les individus en populations fermées:
BL = 0,047 p?7? {r = 0,995)
Tableau I. Repartition de la biomasse aérienne du tronc, des branches

et des feuilles en pour 100 du total, pour des hétres isolés et en
peuplements Fermés (moyenne de 10 individus pour chaque populations).

Tronc Branches freuilles Axe/Branches Feuilles/Branches

Hétres isolés 52,7 32,4 14,8 1,6 0,45
Hétres en
peuplements fermés 64,4 23,5 11,1 2,8 0,47

La figure 5 représente ces fonctions sous forme de régressions linéaires
en coordonnées bi-logarithmiques, A diamétre basal égal, la biomasse est
sensiblement plus grande pour les h&tres en populations fermées.

La masse surfacique foliaire, exprimée en g de matiére séche par cmz,
est de 0,42 pour les hétres isolés, de 0,33 seulement lorsqu'ils sont en
populations fermées.

Une autre modification importante gui intervient aprés la fermeture
du peuplement est 1'inégalité de la croissance, liée & la variabilité
du microclimat lumineux. Les tiges dominantes gardent une élongation
annuelle de l'axe et des rameaux médians ou supérieurs semblable & celle
des individus isolés, avec des moyennes comprises entre 26 et 30 cm. Les
tiges domindes ont des élongaticns réduites a une dizaine de cm.

La relation des caractéres dimensionnels et pendéraux avec 1'Age con-
stitue une approche intégrée de la dynamique de croissance. Traduisible
par des équations & probabilité trés élevée pour les individus isclés,
elle devient trds médiccre pour les individus en populations denses,
qui'il s'agisse de la hauteur, de diamétre de la tige ou de la couronne,

de la biomasse ligneuse ou foliaire (Fig. 6).
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Fig. 6. Relation du diamétre du tronc & 15 cm avec 1'Age de hétres
isolés { »+) et en pesuplements fermés (.).

5. Structure des populations fermées de hétres

La densité des tiges vivantes atteint son maximum écologiguement tolérable
dés la fermeture du peuplement, aucune nouvelle implantation ne pouvant
plus réussirc. Cette densité initiale, trés variable, diminue snsuite par
mortalité des tiges domindes. La densité de tiges vivantes établies sur
11 surfaces de 12 m? de gaulis était comprise entre 0,7 et 2,1 tiges par
m? et leur 4ge s'étalait, dans une méme surface, sur une quinzaine d'années
pour un Age moyen de 14 & 27 ans {ex. fig. 7). La quantité de tiges mortes
observables sur pied et au sol représentait en moyenne 25 % des tiges
vivantes. Cette mortalité touche les individus les plus jeunes,

Les paramétres dimensionnels sont encore diversement répartis dans ces
populations jeunes dont la fig. 6 donne un exemple. La projection horizon-
tale des couronnes (ex. fig. 7) montre un indice de recouvrement compris
entre 2,25 et 2,3; avec 1'8ge celui-ci diminue et dans un gaulis &gé il
était seulement de 1,65.

L'indice de surface foliaire (LAI) augmente avec l'aire basale, s'éle-
vant jusqu'd 8 dans le peuplement d'Age moyen le plus élevé. Au stade de
futaie, il est tamené & 6 (LEMEE, 1978). Dans les hétraies roumaines une
semblable évalution a été observée (DECEI, 1983).

L'accumulation de biomass ligneuse aérienne varie de 0,9 kg;’m2 pour le
peupliement d'fge moyen le plus bas (14 ans) & 5 kg/m® pour celui dont 1'fge
moyen est le plus élevé (27 ans), ce qui représente une accumulation
moyenne de 315 g/m2 par an entre 14 et 27 ans. _Dans le méme temps, la
production foliaire est passée de 70 a 350 g/m“.
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6, Ouvertures anciennes tefermées par des espéces intolérantes 3 1'ombrage.

L'emplacement d'anciennes clairiéres est indiqué par des peuplements
jeunes et approximativement équiennes de hétres. Cependant, des essences
peu ou non résistantes & 1'ombrage ont 1'opportunité de s'établir pendant
la phase de clairiére, d'ob leur gualification fréquente d' "opportunistes".
L'établissement de ces derniéres en populations sssez denses pour assurer
la fermeture s'observe dans cing anciennes trouges du Gros-Fouteau {ouvertes
vers1930) gui ont été colonisées par le bouleau, le pin sylvestre (mainte-
nant disparu) et le chéne, et dans deux clairiéres de la Tillaie colonisées
par le fréne. Ces ouvertures sont toutes au contact des lisiéres ou & leur
proximité.

Cette colonisation a été la résultante de la conjoction de facteurs
favorables:

(1}une source de diaspores:

- proche des réserves pour les espéces anémochores, bouleau, pin, fréne;

- sur place pour le chéne, espece & semences lourdes;

{2}1'ouverture de trouées assez grandes pour offrir des conditions micro-
stationnelles favorables;

{3)des caracteéres hiologigues propices tels que la production chaque

année de nombreuses semences a moyens de dissémination efficaces, une
croissance plus rapide et une fertilité plus précoce gque celles des espéces
résistantes & 1'ombrage; cependant le chéne, qui ne présente pas ces cArac-
téres, est moins intolérant & 1'ombrage;

{4)une faible pression biologique de la part des consemmateurs, surtout
Cervidés, ou des plantes & pouvoir compétitif élevé qui peuvent coloniser
rapidement 1l'ouverture {fougére-aigle, Calemagrostis, Brachypodium pinnatum,
ronce);

(5)1'absence de régénération importante du hétre ou du charme antérieure-
ment & l'spparition des opportunistes.

La stratification verticale des espéces préfigure la tendance évolutive.
Le profil structural de la figure 8 montre un étage dominant discontinu de
bouleau verrugueux et un étage intermédizire de chénes. Ces derniers sont
presque rejoints par guelques charmes et hdtres.Dans 1'étage inférieur, le
hétre est fortement dominant; on y trouve quelques chénes dépérissants et
de nombreux chénes morts. La tolérance de ces espéces a 1'ombrage croit de
haut en bas comme !'ombrage Iui-méme, en conformité avec le modéle de
tolérance de CONNEL et SLATYER (1977) selon lequel "chaque espéce est
capable de supporter une ombre plus forie que les précédentes". Dans la
succession temporelle, le chéne, dont la longévité est supérieure 4 celle
des autres essences présentes, est desting & participer a la volite aprés
la mort des bouleaux.

Une clairiére refermée par le fréne & la Tillaie comprend un individu
isolé d'enviren 50 ans et une population d'environ 30 ans qui, en compéti-
tion avec des charmss et des hétres, commence a dépérir.

Discussions st conclusions

Dans la mosalque des stades de succession cyclique d'une forét inexploi-
tée parvenue en état d'équilibre, les ouvertures créées dans la canopée
par la mort d'arbres constituent une phase critique en provoquant un brusgue
changemsnt des conditions écologiques et un renouvellement du matériel
ligneux qui en fait, selon l'expression de OLDEMAN (1978), "le moteur de
la sylvigengse".

Ce renouvellement est assuré, dans les réserves étudiéss ici, presque
uniguement par le h&tre et selon les trois stratégies classiques: élargisse-
ment des couronnes (et de branches basses épicormiques}, libdration de
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tiges antérieurement réprimées, régénérations postérieures & 1'ouverture.
La premiére est constante, mais son impartance diminue avec la dimension
croissante des vides. La ssconde est plus fréquesnte dans les cas d'agran-
dissement d'anciennes clairiéres qui ont facilité 1'implantation de jeunes
tiges & leur proximité par l'augmentation latérale d'éclairement. Mais de
grandes surfaces vides demeurent ouvertes pour les régénérations par
nouveaux semis.

La fermsture par régénération est contrdlée par de nombreux facteurs,
soit staticnnels (dimensions et forme des clairiéres, nature pédologique
du sol), soit biclogiques {irrégularité des fainées importantes, prédation
des graines et des semis, concurrence d'espéces herbacées & recouvrement
dense). Il en résulte un stade d'attente plus ou moins prolongée, surtout
dans la partie centrale des grandes clairiéres. Le stade d'occupaticn,
défini comme la durée récessaire au recouvrement complet par les couronnes
des colonisateurs, est lui-méme de durée treés variable et passe progressive-
ment, dans une méme ouverture, au stade de compétition ol,, les couronnes
devenant jointives, aucun nouveau recrutement n'est possible. Le passage
a ce nouveau stade est marqué par les changements suivants: modifications
dans l'architecture et dans la répartition de la production individuelle;
augmentation rapide de la biomasse vivante et de l'indice foliaire; mor-
talité élevée des tiges dominées, gendralement les plus jeunes; conditicns
microclimatiques forestidres reccnstituées; retour au sol d'une matigére or-
ganique plus abondante, ol les branches élaguées ont une part importante.

La comparaison de la cartographie des surfaces aux stades d'attente ot
d'occupation a la Tillaie en 1968 et au Gros Fouteau en 1971 avec celle de
ces stades en 1980-81 a permis d'établir leur évolution entre ces années.
Cette évolution, qui est le bilan entre des ouvertures et agrandissements
d'une part, des fermetures partielles ou totales d'autre part, passe de
14,9 & 6,3 % de la surface cartographide & la Tillaie, de 6,16 et 3,34 %
au Gros Fouteau. £n 10 ans ces surfaces ont été réduites de moitié, 6,6 %
et 3,85 % ayant été refermés respectivement & la Tillaie et au Gros Fouteau,
En faisant 1'hypothése que la dynamique d'cuverture et de fermeture se
poursuive identique & ce qu'elle a été lors de la déeade 1970-B0, un état
d'équilibre représenté par une valeur minimale de surfaces ouvertes serait
réalisé au cours de la derniére décennie de ce siecle, mais il s'agit d'une
hypothése optimiste, car de forts coups de vent peuvent ouvrir & nouveau
comme en 1967 des vides importants et quelques clairieres colonisées par
des héliophytes sociales peuvent &tre retardées dans leur fermeture.
Actuellement, la colopisation des vides est assurée par des essences
d'ombre, h&tre et accessoirement charme et houx, car les conditions d'in-
stallation leur sont favorables. Cependant quelgues anciennes trouées ont
¢té colonisées par des espéces intolérantes a 1'ombrage autour de 1930.
Leur tendance évolutive est préfigurée par la stratification verticale
des espéces: bouleau - chéne - charme - hétre, ou fréne - hétre. La longé-
vité de ces espices est déterminante dans cette dvolution: la longévité
du bouleay et du fréne est la plus faible, celle du chéne est la plus
grande, de telle sorte que dans une cinquantaine d'années il subgistera
seulement de ces anciennes trouées une volite dé chénes mélés de hétres
avec gquelques charmes. Une telle dvolution se traduit par une diminuticn
de la diversité taxonomique des ligneux que seules pourraient maintenir
des perturbations assez importantes suivies de conditions favorables pour
permette l'implantation d'opportunistes & intervalles plus courts gue leur
durée de vie. Tel n'est pas le cas: la localisation des populations d'op-
portunistes au voisinage des lisigres est une indication de leur origine
extérieure.

Les nombreuses études sur la dynasmique des for8ts feuillues nordaméricaines
permettent une comparaison précise avec les réserves de Fontainebleau. Une
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différence, exogéne, est le passage d'ouragans ou de feux qui provoquent de
larges ouvertures. L'sutre, de nature endogéne, est la plus grande richesse
taxcnomique et la plus grande diversité des caractéres biologiques de peup-
lement ligneux. Les petites ouvertures dans les foréts dgses sont refer-
mées essentiellement par les espéces du sous-étage tolérantes a 1'ombrage,
Fagus, Acer, Tsuga (OLIVER et STEPHENS, 1977, BREWER et MERRITT, 1978,
HARCOMBE et MARKS, 1978, RUNKLE, 1981, etc.); cependant des espéces into-
lérantes, comme des bouleaux, peuvent s’y gtablir occasionnellement
(BARDEN, 1980). Mais lorsque les vides sont de grandes clairiéres, trouées
ou coupes, les espéces "opportunistes", des Prunus, Betula, Populus,
s'étahlissent massivement (par ex. MARKS, 1974, BORMANN et LIKENS, 1977).
les conségquences sont:
{1)que le stade d'attente de notre hétraie est trés exceptionnel et que
le stade d'occupation est trés court; ce dernier correspond au "stade
d'initiation" proposé par OLIVER {198l), notre stade de compstition qui
lui succéde correspondant & son "stade d'exclusicn des tiges';
{2)que l'ouverture de nouvelles clairiéres entretient la permanence des
opportunistes; des modéles successionnels appliqués a gquelques localités
suivant diverses méthodes confirment cette permanence (WAGGONER et
STEPHENS, 1970, BOTKIN et &l., 1972, BARDEN, 1980, 1981, RUNKLE, 1981).

Par contre, la h&traie climacique & Fagus crenata du Japon montre une
dynamique trés proche de notre hétraie par la prédominance absolue de
cette espice sur les espéces peu résistantes a l'ombrage, notamment un
bouleau et un ch&ne (PETERS, 1985). Une autre analcgie est l'existence de
peuplements d'un bambou de genre Sasa qui peuvent y jouer temporairement le
§ méme r&le inhibiteur de la régénération que nos graminées (NAKASHIZUKA et
NUMATA, 1982},

181




References

Barden, L.S., 1980. Tree replacement in a cove hardwood forest of the
southern Appalachians. Oikos, 35, 16-19.

Barden, L.5., 19Bl. Forest development in canopy gaps of a diverse hard-
wood forest of the southern Appalachian Mountains. Oikos, 37, 205-209.

Bormann, f.H. & Likens, G.E., 1979. Patterns and process in a forested
ecosystem. Springsr-Verlag, New York, 253 p.

Botkin, D.B., Janak, J.F. & Wallis, J.R., 1972. Some ecological consequen-
ces aof a computer model of forest growth. J. of Ecol., 60, 8§49-872Z.

Bouchon, J., Faille, A., Lemee, G., Robin, A.M. & Schmitt, A., 1973. Cartes
et notice des sols du peuplement forestier et des groupements végétaux
de la réserve biologique de la Tillaie en forét de Fontainebleau. Ed.
Labor. d'Ecologie végétale, Univ. Paris-Sud, Orsay, 10 p.

Brewer, R. & Merritt, P.Q., 1978. Wind throw and tree replacement in a
climax beech-maplie forest. Oikos, 30, 149-152.

Connell, J.H. & Slatyer, R.0., 1977. Mechanisms of succession in natural
communities and their rcle in community stability and organization.
Amer. Naturalist, 111, 1119-1144.

Faille, A., Lemee, G. & Pontailler, J.Y., 1984a. Dynamique des clairiéres
d'une forét inexploitée {réserves blologiguss de la forét de Fontaine-
bleau}. I. - Origine et état actuel des ouvertures. Acta Oecol., Oecol.
Gener., 5, 35-51.

Faille, A., Lemee, G. & Pontailler, J.Y., 1984b. Dynamique des clairiéres
d'une fordt inexploitée (réserves biologiques de la forét de Fontaine-
bleau). II. - Fermeture des clairiéres actuelles. Acta QOecocl., Oscol.
Gener., 5, 181-199,

Falinski, J.B., 1976. Windwiirfe als Faktor der Differenzierung und der
Verdnderung des Urwaldbiotypes im Licht der Forschungen auf Dauerfléchen.
Phytocoenosis, 5, 85-108 (English summary).

Guillet, B. & Robin, A.M., 1972. Interprétation et datation par 1le l4C
d'horizon; Bh de deux podzols humo-ferrugineux, 1l'un formé sous callune,
l'autre sous hétraie. C.R. Ac. Sci. Paris, 274, 2859-2862.

Harcombe, P.A. & Marks, P.L., 1977. Tree diameter distributions and re-
placement processes in southeast Texas forests. Forest Sei., 24, 153-1e6.

Koop, H., 1981. Vegetatiestructuur en -dynamiek van twee natuurlijke bossen:
het Neuenburger en Hasbrucher Urwald. Pudoc, Wageningen, Centrum Land-
bouwkundige Onderzoekingen 904, 112 p. (English summary).

Lemee, G., 1978, La hé&traie naturelle de Fontainebleau. In: Problémes
d'Ecologie, Structure et fonctionnement des écosystémes terrestres.
Masson, Paris, 75-128.

Lemee, G., 1985. Réle des arbres intolérants & 1'ombrage dans la dynamique
d'une hétraie naturelle (forét de Fontairebleau). Acta Decol., Oecol.
plant., & (20), 3-20.

Le Tacon, F., 1982. Régénération naturelle: influence des conditions du sol
et de sa préparation. In: Le Hétre, I.N.R.A., Paris, 229-230.

Marks, P.L., 1974. The role of pine cherry (Prunus pennsylvanica L.} in
the maintenance of stability in northern hardwoods ecosystems. Ecol.
Monogr., 44, 75-88.

Nakashizuka, T. and Numata, M., 198Z. Regeneration process of climax beech
forests. Japanese . of Ecol., 32, 57-67, 473-482.

Dldeman, R.A.A., 1978. Architecture and energy exchange of dicotyledonous
trees in the forest. In: P.B. Tomlinson 1 M.H. Zimmerman eds., Tropical
trees as living systems. Cambridge Univ. Press, 535-560.

. Oliver, C.D. 1981. Forest development in North America following major

disturbances. Forest Feol. and Marag., 3 (1980-1981}, 153-158,

182




Oliver, C.D. & Stephens, L.P., 1977. Reconstruction of a mixed-species
forest in Central New England. Ecol., 5B, 562-572Z.

Peters, R., 1985. Japanese beech forest. M. Sc. Thesis, Wageningen Agric.
Univ., Dept. of Silviculture, 81 p.

Pcntailler, J.Y., 1979. La régénération du hétre en forét de Fontainebleau;
ses relations avec les conditions hydriques stationnelles. These 3e
cyele, Univ. Paris-5ud, Orsay, 98 p. + annexes.

Runkle, J.R., 1981, Gap regeneration in some old-growth forests of the
Fastern United States. Ecel., 62, 1041-1051.

Waggoner, P.E. & Stephens, G.R., 1970. - Transition prebabilities for a
forest. MNature, 225, 1160-11541,

Watt, A.S., 1925. On the ecclogy of british beechwoods with special
reference to their regeneration. II: The development and structure of
beech communities on the Sussex Downs. J. of Ecol., 13, 27-73.

183



PLANT SUCCESSION IN A MAN-MADE NORWAY SPRUCE ECOSYSTEM ON A CLEAR-GUT AREA AS RELATED TO S0IL
PROCESSES AND NUTRIENT BALANCE

F. vVaSicek and E. Klimo

Institute of Forest Ecology, University of Agriculture, Brna, Czechosiovakia

Summary

Studies were made of changes in herb and juvenile woody vegetation under
a mature Norway spruce stand andon a clear-cut area. Effects of logging
and reforestation practices on the structure of surface humus and physical
properties of surface seil layers on the clear-cut area were discussed.
Changes were characterized of density and biomass under the influence of
thinning in the mature spruce stand and during the progressive stage of
secondary succession of the clear-cut vegetation. Successicn stages are
expressed by aboveground and underground biomass and areal dominance of
prevailing species, concentration and supply of bioelemenis as well as
relations to quality and guantity of humus and rate of decomposition.

Keywords: Norway spruce forest ecosystem, clear-cut area, biocmass, humus,
nutrients.

Introduction

The study of forest ecosystems using long-term integrated multi-disci-
plinary projects realized on stationary objects {long-term research areas)
is carried out in many countries of the werld. One of the research projects
is conducted by the Institute of Forest Ecology, University of Agriculture,
Brno, in the region of the Drahanskd Uplands about 30 km north of Brno in
Czechoslovakia. Problems of the dynamics of abicotic factors, pcpuilations
aof plants and animals, production and various biological processes are the
most important questions in the study of relations and functicns in the
ecosystem,

The problem of plant succession in these studies is, however, studied
as a minor one. Processes of changes in plant and animal populations as
a result of competition and response cf biota to the environment are in a
close relation to problems of succession and, therefore, they should be
investigated in the ecosystem studies.

The paper presents selected results of the ecosystem study dealing with
the several years course of the first stages of secondary plant succession
and their relation to soil processes and bioelement balance on a clear-cut
area. Changes in the herb layer under a mature Nerway spruce pure stand, a
part of which was cut, are compared with conditions on the clear-cut area
including impacts of management practices on soil and nutrients.

Material
The forest stand and site conditions of the area under study are character-

istic of man-made Norwasy spruce pure stands in the region of Central
Europe (49°26'31't N, 16941'30'' E}: altitude 625 m, average annual pre-

-cipitation 683 mm, average temperature 6.69C, max. precipitation in the

summer months, snow cover from November to March, relatively clear atmos-
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phere (17 /mg > S0,). Soil: oligotrophic brown soil, loamy with gravel,
pH of A horizon 3.7, layer of raw moder 6 cm. Forest type: beech forest
with silver fir, sporadic occurrence of herb layer with Carex pilulifera
as a characteristic species. Mature stand: 75-year-old Norway spruce
monoculture, canopy density 0.9 - 1.0, throughfall &5 - 70% of precipi-
tation, illumination of soil surface 1.5 - 3% of full light, standing
volume of large timber {over 7 cm d.o.bh.) 480 m’ per ha).

Clear-cutting was carried cut at the beginning of 1977, whole trees
with crowns were skidded by wheel tractors along skidding trails. Re-
forestation of the felled area with Norway spruce was made using a rill
pianting machine in 1978.

Methods

Methods usual in production ecology (Fvans 1972, Bestdk et al. 1971)
were used for estimating density and biomass of herb pupulations and
juvenile woody species. In the undergrowth of the mature Norway spruce
stand the number of plants was determined by direct counting and the
parallel biomass sampling of individual species was done using destructive
grawth analysis. On the densely overgrown clear-cut area "types of domi-
nance" (Whittaker 1973) easily distinguishable in the terrain according
to the prevailing species and amount of aboveground biomass were differ-
entiated every vear. The areal proporticn of these units was established
every year using parallel transects covering the whole clear-dut area in
evonstant intervals. Density and sboveground biomass were sampled according
to the types of dominance by destructive sampling (Traczyk 1967) in the
periad af maximum values of biomass. Same growth analytical characteristics
including the aboveground/underground ratio of phytomass were estimated
using specially selected sets of samples of individual species. On 40 per-
manently fixed plots of 0.5 x 10 m, values of density and dominance aof
individual species were estimated to express successional changes in fi-
gures (Maarel et al. 1985) and spatial changes by means of iscpleths
(Numata 1982).

Analyses of soil and humus were carried out using standard methods usual
in forest pedology. Chemical compasition of organic matter was determined
by atomic spectrophotometry. Soil respiration was determined by the absorp-
tion gravimetric method using soda lime on the soil surface under a metall
bell inserted 8 cm deep into the soil.

Results and discussion

Mature stand

In the undergrowth of the mature Norway spruce stand 44 herb and natural-
ly seeded juvenile woody species were presented in the period under study,
viz 18 phanerophytes, 5 chamaephytes, 24 hemicryptophytes, 3 geophytes and
2 therophytes. The number of woody species in the undergrowth in the periad
1977-1980 ranged from 62 to 365 individuals per ha. Populations of Picea
abies and Sorbus_aucuparia from self-seeding showed dominant positiaon.

In 1980, thinning was carried ocut in the spruce stand and a seed year also
occurred. About 7.5 x 108 Narway spruge seedlings emerged in 198l. In 1982,
their number decreased below 1.0 x 10" and in 1983 ip the second half of
the growing season, drought stress occurred in surface layers of the soil
and the number of plants from self-seeding decreased to 0.46 x 10%. In 1984,
only 2100 spruce plants per ha were found.

The number of herbs in the undergrowth of the mature spruce stand did
nct exceed 1000 plants per ha in the period 1977-1979 (VsBikek 1979).
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Their number approximatsiy doubled in 1980-1%81. In 1983, it increased

te 13 000 and in 1984 ca. to 19 000 plants per ha. The =ffect of thimning
became more evident only after Z years, with the number of heliophilcus
species increased. The drought stress had no significant effect on the
density of herb specles. Respcnse to thinning expressed in increased den-
sity was recorded mainly in Galium scabrum, Chamaenerion angustifolium,
Maianthemum bifolium, Mycelis muralis, Oxalis acetosella, Rubus idaeus,
Vaccinium myrtillus and Vicla sylvatica.

Tabie 1. Values of aboveground biomass.

Year
1977 1978 1979 1980 1981 1982 1983 1984

Juvenile woody
species
g ha=1 3 7 3 4 31 463 4218 2094 a5

Herb gpecies
g ha™* 47 71 61 142 223 2798 2019 4026

Clear-cut area in conditions parallel to the meture Norway spruce stand

At the beginning of 1977 whole-tree logging was carried out in a part
of the stand leaving only some small branches and foliage on the felled
area. In the next year, the area was reforested with Norway spruce in
Z x 2 m spacing by means of a rill planting machine. This practice caused
changes in soil surface layers creating specific conditions for secondary
succession of plants:

(a) Changes in physical properties of the soil surface on skidding trails

Table 2. Bulk density and porosity of the soil on skidding trails compared
with other areas.

Year
1974 1977 1979 1981 1981
Before Under herb
felling roots
Bulk density
skidding trails 1.27 1.79 1.68 1.72 1.50
other area 1.27 1.57 1.51 1.45 1.43
Porosity v
skidding trails 52.15 32.19 35.386 35.14 43,90
other area 52,15 40.65 41,69 45,70 46,80

Physical properties of the soil on skidding trails are affected mainly
by the type of vehicle and the traveliing frequency. In the loamy soil
of the felled area it may be supposed that the initial values of scil

"bulk density and porosity on the skidding trails were restored within

10-15 years. The roots of the clear-cut area vegetation accelerate the
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process of improving physical properties of soil.

Parts of areas of the skidding trails were at the first stage occupied
by the population of Juncus bufonius which decreased its density in 1978
and during 1979 it almost disappeared.

(b} Changes in the structure of surface humus appeared in the felled
area. The total Sugply of organic matter in the soil surface increased
from ca. 5.0 kg m™% under the stand to 7.8 kg m~2 in the clear-cut area
as a result of the fall of small and died branches and needles. Heterc-
geneity of humus distribution increased: the coefficient of variation (V)
under the stand and in the clear-cut area amounted to 15 and 46 percent,
respectively. Humus was accumulated in places asround stumps and roots and
s0il wounding occurred as a result of skidding trees. The initial struc-
ture of the L, F and H layers was destructed and mixed. This resulted in
the different quality of the surface humus in the clear-cut area.

(c) In the space of the rill planter local changes in the structure aof
soil surface layers appeared (mineral soil .on the ground surface and
changes in moisture conditions in the space of rills). Average moisture
content in the scil 10 cm below the rill bottom amounted to 21.1% in the
growing season 1978 and 21.8% in 1972 whereas in the depth of 10 cm below
the soil surface outside the rill the moisture content amountesd to 19.5%
in 1978 and 18.1% in 1979 (Prax 1985). ,

(d} In the first 7 years after felling the stand microbial activity

of humus decomposers considerably increased., This is illustrated by
values of CC; production during scil respirationg auera?e values for
1977-1978 in the old stand amounted to 1188 g m~2 year ~ and in the clear-
cut area free of vegetation 1306 g m=Z year - (Grunda 1981), At the same
time the decrease of pH and the increased shift of nitrates intc lower
horizons occurred.

This preparatory stage of plant succession lasting for about 2 years
is characterized by the slight occurrence of remaining vegetation from
the old stand and temporary occupation of skidding trails with Juncus
bufonius. Uptake of nutrients was very low., This fact indicates cccurrence
of stress in the turnover of nutrients on the clear-cut area {see Ulrich
1981).

The third year after clear cutting is characterized by the stage of
intensive occupation of the clear-cut area by vegetation. In the first
half of the growing season 1979, the area was occupied by initial stages
of clear-cut area vegetation, maximum density being in the vicinity of
reforested rills. Juncus conglomeratus and Picea abies seedlings from
natural regeneration, in particular, occupied the edges and sides of the
rills more densely than the other area. The vicinity of the rills was
cceupiad mainly with Senecio sylvaticus, Veronica officinalis and Aceto-
sella vulgaris. This initial stage was characteﬁized as follows: density 8.8
plants per m%, aboveground bicmass DM 5 g per m“. Maximum proportion in
phytomass showed juvenile plants of Rubus idaeus, Calamagrostis epigeios,
Carex leporina and Juncus conglomeratus. Chamaenerion angustifolium
showed the greatest number of plants but also the smallest phytomass. In
the second half of the growing season very rapid growth and development of
all clear-cut area vegetation species appeared supported by considerably
high precipitaticn. Chamagnerion angustifolium occupied in the same year
the larger part of the arsa with vigorous fertile plants. Biomass of the
herb layer increased by the end of the growing season tc several thcusands
of kg per ha, Chamaenericn angustifolium being a dominant plant.
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In 1980, i.e. four years after establishment of the clear-cut area, the
stage of full occupation of the area by herb vegetation and naturally
regenerated trees and shrubs began as well as the stage of the optimum
development of the clear-cut area vegetation. Changes of areas represented
by main types of dominance of the herb layer and areas occupied by woody
species as well as bare areas are represented for the period 19BD-1984 in
Tab. 3. During this period %8 plant species occurred in the clear-cut area,
viz 10 phanerophytes 7 chamaephytes, 65 hemicrytophytes, 3 geophytes and
14 therophytes.

Out of the tatal number of species only 9 herb species and 5 naturally
regenerated tree and shrub species showed dominant or subdominant position.
Other species occcurred only sporadicaly. Some species, e.g. Epilobium
collinum, gradually disappeared from the area, cother species disappeared
and later appeared sgain. Of the most represented species the maximum of
areal domirmance was achieved in Juncus conglomeratus in 1981, Chamaenerion
angustifolium in 1981 and Rubus idaeus in 1982. Calamagrostis epigeios
as the major competitor of all other species increased the occupied area
up to the end of the pericd studied. Other species mentioned in the table,
particularly species of the genus Carex, gradually decreased their dominance.

The layer of naturally seeded woody species comprises mainly Betula ver-
rucosa, Sambucus racemoss, Salix caprea and Populus tremula. In 1981, this
layer, especislly Sambucus racemosa and S5glix caprea, was partly reduced
by cutting off shoots adjacent to planted Norway spruce but the layer
regenerated later again by sprouting. Some groups of naturally regenerated
Norway spruce plants, mainly in the southern part of the felled area, grew
vigorously and as soon as in 1983 and 1984 they occupied nearly the whole
area of the naturally regenerated species. During these years, also planting
of target species plays more important role in the occupation of the clear-
cut area. Thus the area covered by herb vegetation becomes gradually re-
duced.

In 1980-1983, the aboveground bicmass cf the herb layer was approximately
8000 kg ta-l (Tab, 4). This corresponded to the underground biomass of
about 2000 kg na=l (Tab. 5). The aboveground and underground biomass of
broadleaved woody species, the number of aboveground shoots and leaf area are
given in Tab. 6. Data for the year 1981 are calculated from places occupied
by this layer, and each year thereafter from the whole area. In 1981, a
part of young trees was cut off, as mentioned above.

The whole biomass of naturally seeded herb and woody vegetation {except
for Norway spruce} recorded in the period of a seasonal maximum ranged
from 950 to 1167 g m=2% in 1980-1983, a peak being in 1981. Of the total
amount, 200-276 g m=2 accountsd for the underground biomass. The proportion
of woody plants was 3-6%,

Density of the herb layer decreased in the order: 1226 (1980) >916 (1981)
>747 (1982) >656 (1983) >355 (1984) plants per we. As for species growing
in bunches, every shoot was considered an individual. Dypamies of Norway
spruce in the felled area was not included in the calculation.

Analysis of the propartion of the total biomass of dominant species
related to the total biomass of the herb layer in 1980-1984 showed that
Chamaenerion angustifolium accounted for 41.4% in 1981 and 1982 but its
proportion decreased to 22.2% in 1984. Juncus conglomeratus showed maximum
proportion of 22.5% in 1980 but its proportion decreased to 4.9% in 19%84.
The proportion of Rubus idaeus increased from 19.9% in 1980 to 31.9% in
1584. The same applies to Calamagrostis epigeios, the proporticn of which
6.2% in 1981 increased and reached 38.1% in 1984, thus becoming an abso-
.lute dominant species.
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Table 3. Areas covered by herb and woody species in

clear~felled area Réjec.

1980-1984 on the

(m? )

Species 1980 1981 1982 1983 1984
Agrostis stolonifera o1 38 43 24 79
Calamagrostis epigeios 537 1 318 1 724 2 916 3 036
Carex leporina 862 475 282 190 64
Ccarex pallescens 113 70 67 78 54
Carex pilulifera 386 318 232 190 174
Chamaenerion angustifelium 3 315 3 333 3 130 2 316 1 583
Juncus conglomeratus 1522 2 10% 1 390 1 460 1 381
Rubus idaeus 1 305 1 770 2 356 1 843 1 776
Veronica officinalis 115 40 34 24 9
Othexr herb species 133 5 9 51 11
ﬁerb layer total 8 379 9 476 9 267 9 092 8 156
Areas not covered by
vegetation 1 180 254 42 48 73
Areas covered by naturally
sown woody species 441 270 691 809 1 256
Areas covered by tree species
from planting - - - 51 515
Area total 10 000 10 QOO 10 000 10 000 10 COO
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From the viewpoint of clear-cut area vegetation and its development the
period 1980-1983 can be regarded as the optimum stage. The values of the
totsl biomass were relatively steady and preponderance of Calamagrostis
epigeios over other herb species was evident. The proportion of naturally
regenerated woody species was relatively uniform and had nc marked effect
on the growth of herbts. .

In this optimum stege of development, scil processes and bicelement
cycling acquire new qualities in the conditions of the clear-cut area.
The distribution of populations of the dominant species is to some extent
related to the state of humus layer on the soil surface. Bioelement
fixation by the berb layer is very high compared with fixation by the
mature stand.

Table 7. Bioelement content in mature Norway spruce stand and herb
vegetation,

Bioelement
N P K Ca Mg S Fe Mn

Mature Norway spruce
stand in 1981
kg ha-1 58 11 42 66 7 12 & 19

Herb vegetation of

the clear-cut area

in 1981

kg ha=~1 221 28 176 28 28 12 5 17

According to the taeble, considerably higher values of bicelement uptake
(N, P, K, Mg) were recorded in the felled area vegetaticn. Calcium is
fixed more intensively by the mature stand. Bioelement concentration in
herb tissues of various species is very different. Of the dominant herb
species, the highest concentration in the aboveground biomass was recorded
in N, viz Chemaenerion angustifolium 3.45%, Rubus idaeus 2.03%, Calama-
grostis epigeios 1.47% and Juncus_conglomeratus 0.77% DM. The total bio-
element supply in the aboveground and underground biomass of the herb
layer per ha in the period 1980-1984 is given in Tab. 8 which provides
further information on the input of elements into the process of decom-
position. Control analysis of N concentration in selected herb species
was made in 1983 and 1984 to compare the results with those obtained in
1980 and 1981. For example, in Chamaenerion angustifolium N concentration
decreased from 3.45% in 1981 to 1.23% in 1984, in Rubus idaeus the drop
was from 2.03% in 1981 to 1.32% in 1984. N concentration in the above-
ground biomass of Calamagrostis epigeios was in 1984 at the level of 1981.
This indicates that changes in N concentration in the upper soil layers
bring about changes in N concentration in some plant species.

At this optimum stage of the development of felled area vegetation,
more intensive process of organic matter decomposition occurs owing to
the input of herb dead matter into the decomposition chain. Comparisons
of so0il respiration in the Calamagrostis epigeios population in the
clear-cut area and under the mature Norway spruce stand in 1981 and 198
showed that the sverage production of COz was 1826 and 1160 g w2 year -,
respectively. Cellulecse decomposition under the spruce stand and in the
felled area amounted to 3.18 and 6.54 mg per day per g, respectively.
Rapid decrease of surface humus occurs in spite of increased contributions
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of dead herb matter. In 1978, immediately after clear cutting, the average
supply of surface humus was 78 0727, in 1981 it decreased to 57 850 and in
1983 the supply was only 10 369 kg ha-l. Bioelement supply in Ag-horizon
in the clear-cut area in 1983 compared with the supply under the mature
stand as well as supply simulated according to the stats under the mature
stand and subjected to felled-area conditions without herb input into the
decomposition process is given in Tab. 9. Low supply of bioslements in the
Ag-horizon in the felled area occupied by vegetation was induced by raspid
decomposition, nutrient uptake by vegetation and their leaching to lower
harizons. This promotes higher concentrations of some elements predominant-
ly in F and H humus layers in the clear-cut area compared to the concen-
trations under Norway spruce stand, mainly in N and K,

Humus amcunt and quality and concentration of available nutrients in Al-
horizon increased under the influence of vegetation during the optimum
stage of succession in the felled area.

Decline in phytomass production of herbs and decrease in N concentration
in biomass of some herb species recorded in 1984 together with rapid
growth of the retarding effect of the target species on production repre-
sents the beginning of the further stage in the development of the felled
area vegetation in which the target woody species will become dominant.
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RELIEF DEVELOPMENT IN THE HULSHORSTERZAND DRIFT SAND AREA AND ITS IMPORTANCE FOR THE VEGETATIO-
NAL SUCCESSLON

L.I.Y. Castel

Laboratory for Physical Geography and Soil Science, University of Amsterdam, Amsterdam, The Netherfands

Drift sands are eolian deposits, originating by local redeposition of
terrestrial Pleistocene deposits. Since the beginning of the Neolithic,
loca? sand drifting occurred due to the clearance af vegetation by man.
This proces continued in the course of time with increasingly serious
congequences so that since the Late Middle Ages extensive spreading of
drift sands occurred. Cspecially the well-sorted, well-rounded Late
Pleistocene coversands were sensitive for wind erosion. Since the end of
the last century the majority of drift sands have beer reclaimed by af-
forestation with pine.

In The Netherlands drift sands occupy an area of approximately 800 km?
of which 230 kmZ occurs on the Veluwe. At present only less than 5% of
the drift sands are still active. The Hulshorsterzand forms part_of an
extensive .drift sand area in the northern Veluwe but anly 0.6 km® of this
srea is still active: 0.4 kmZ in the western part and 0.2 km? in the
eastern part.

In the active drift sand areas extreme conditicns prevail, determined
by the exceptional microclimate, a low moisture content, a mineralogical
poverty and an almost continmuously mechanical erosion by drifting sand
grains. Usually drift sands are also very poor in organic matter {(<1.5%).
The grain size distribution of the drift sands of the Northern Veluwe is
characterized by a complete domipance of the fractions 105-150 pm and
150-218 pm, The mineralogical composition of the drift sands 1s very
uniform. Weight percentages show that only <1% of the sands consists
of heavy minerals (s.g.» 2.89) and >99% of the grains has a lower specific
gravity. This part mainly consists of feldspar (13-16%) and quartz (+B5%).
Dye to the extreme conditions in the active drift sand areas a very
characteristic vegetation exists. So marram {Ammophila arenaria) occurs
as a pioreer on drift sand accumulations and grey-hair grass {Corynephorus
canescens) in blown-out areas.

In general a great variety exists in the relief of the Hulshorsterzand
drift sand ares. For the greater part the criginal coversand relief has
been eroded by the wind. Remains of the old relief are still indicated
by the eraded podzal soil profile which is exposed in several places. In
many parts the coversand has been removed completely and the underlying
gravelly periglacial deposits are exposed in low lying flast, so called
blown-out areas. 1ln other parts the removed coversand has been redeposited
again on these gravelly deposits and drift sand hills have been formed.
Sometimes, especially im the originally low lying wet parts of the cover-
sand relief, the wind could not desintegrate the podzol profile and drift
sandaccumulated on the podzol profile, forming a "plateau-dune". 1n these
places an inversion of the relief has taken place, since the original low
lying wet parts of the coversand reiief now are the high dunes in the
drift sand relief. ln general these dunes are bordered by relative steep
slapes in which the old podzol profile is still visible occasionally.
Another typical form-type of the Hulshorsterzand area is the "bordering
dune ridge". These ridges have been formed by drift sand acecumuliation at
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the edges of feorests, mainly at the NE-E border aof the area, due to the
prevailing SW-W winds. These ridges are characterized by an asymmetrical
slope prafile. Due to the forest vegetation at the east this lee slope
can becams very steep (max. + 31°), while the angle of slope af the wind-
ward side usually does not exceed approximately 8°,

The importance of the relief development for the vegetational succession
is not only expressed in different species in the first stages of the pri-
mary succession as mentioned above, but can also be seen in completely
forested drift sand areas. When comparing the vegetation on a plateau-dune
and on a bklown-out area these differences will become very clear.

In the completely forested area of the Leuvenum forest, 5-SW of the
Hulshorsterzand, it was found that the coverage of the soil by vegetation
in blown-out areas usually is less than 40%. Dnly few species are respon-
sible for this, mainly Deschampsia flexucsa and some mosses (a.c. Pleuro-
zium schreberi). However, locally also Empetrum nigrum constitutes an
important part of the vegetation. Extreme differences in vegetation occur
on various parts of a single plateau-dune due to the relation between
microclimate and slope orientation. The SW-slaopes of these dunes dessicate
relatively fast which is reflected in a pocr soil vegetation of almost
only grasses and mosses, covering less than 20% of the surface. On the
other hand the NE slopes are mostly completely covered by wvegetatiaon
consisting of Deschampsia flexuosa, Empetrum nigrum, Yaccinium myrtillus
and several species of mosses. This is dus to more moist conditions on
this side of the dunes. Because of this the plants can exploit the possi-
bilities of the blown-over soil profile which provides them with nutrients.
The compactness of the soil profile usually causes the water to stagnate
and sometimes the excess of water flows out over this compact profile and
on these spots even peat growth is possible. The more humid conditions
and the greater amount of humus on this side is also responsible for a
better development of the micropedzolic scil compared with other sides
of the dume, Even under forests less than 100 years old distinctly leached
horizons have developed.
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SPONTANE GEHOLZBESIEDLUNG EINES KIESIG-SANDIGEN ROHBODENS IM RHEINISCHEN BRAUNKOHLENREVIER

G. Wolf

Federal Research Centre for Nature Conservation and Environmental Ecolagy, Bonn, Federal Republic of Germany

Summary

Spantaneaus establishment of woody plants on gravely-sandy rough soils
in the Rhenish lignite-mining area.

The establishment of woody plants has been abserved on permanent plot
(0,6 ha, fenced in} between 1966 and 1980. On the artificial deposit,
gravely~sandy material, free of seed-banks, the settlement and also ths
distribution of woody plants was not continuous respectively uniform but
depending on species and time. The stages of primary succession are short-
ly desecribed.

1.Standortbeschreibung

I

Auf einer Innenkippe, 100 m unter Geléndeniveau, wurdel966 eine 0,6 ha
grosse Dauerbeogbachtungsflédche eingerichtet. Das im Herbst 1965 verkippte
kiesig-sandige Material war frei von Pflanzenkeimen und bestand aus Ab-
lagerungen der Hauptterrasse des Rheins, die zusammen mit tertidren Locker-
sedimenten die Braunkohle iberdecken und als Abraum besim Kohleahbau abge-
tragen werden. Die geschiittete Rohbodenfldche wurde grob planiert und
anschliessend wilddicht gezdunt. Kennzeichnende Eigenschaften des Rohboden-
materials sind Grobkornigkeit, geringer Tongehalt, Néhrstoffarmut, Fehlen
organischer Substanz, hoher Ssduregrad und geringes Wasserspeichervermdgen.

In den ersten Jehren nach der VYerkippung kommt es durch Wasserercsion
nach Starkreqen zur Materialsortierung und Verlagerung (kleine Rinnen,
Schwemmficher, kiesreiche Partien). Eine merkliche Vermehrung der orga-
nischen Substanz durch Abbau des Bestandesabfalles findet nur in der
obersten Bodenschicht bis 2 cm Tiefe statt.

2. Gehblzansiedlung

Insgesamt baben sich auf der 0,6 ha grossen Dauerbeobachtungsflédche wéh-
rend des Zeitraumes von 1966 bis 198D 15 Baum- und Straucharten angesie-
delt. An der Erstbesiedlung waren fast ausschliesslich windverbreitete
Gattungen beteiligt (Anemochorie: Betula pendula, B. pubescens, Populus
x_canadensis, Populus tremula, Pinus sylvestris, 5alix caprea, Salix
alba}. Erst nach é - B Jahren kommen die ersten schweren, durch Vigel
eingeschleppten Samen (Zoochorie u. Anthropochorie: Sambucus nigra, Padus
seroting, Quercus robur, Q, petrgea, Q. rubra, Robinia Pseudoacacia, Cy-
tisus striatus, Sorbus aucuparia) auf und keimen, nachdem des Umfeld der
Versuchsfldche mit Erlen und Pappeln aufgeforstet wurde. Zu den ausschliess-
lich auf offenem Rohboden keimenden Pionierarten gehdren Weiden- und Pap-
pelarten. Auch Birken sind Picnierbesiedler des offenen Rohbodens, doch
erreichen sie nach 10 - 13 Jahren nochmals ein Maximum der Ansamung
{Ath. 1).

Oie Verteilung der Holzgewdchse auf der Dauerbeobachtungsflache nach
15 Jahren ist bei den einzelnen Arten unterschiedlich. Birken als Pioniere
dominieren sowohl nach Anzahl (156 Exemplare) als auch Wuchsndhe (Abb. 2)
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2. H&éufigkeitsverteilung der Birken nach Hohenklassen im Jahr 1972
In der Verteilung der Hohenklassen von 1980 kommt ein frihes

und spates Ansiedlungsmaximum der Birken zum Ausdruck



und weisen eine =zufidllige, ungleichméssig geh&dufte Verteilumng auf. Die
spater angesamten Eichen (77 Exemplare), nach den Birken am zweith&ufig-
sten, haben sich meist unter dem Schirm &lterer Birken angesamt (“Vogel-
saat"}. Die Sprosskolonien der Robinie und der Zitterpappel sind aufgrund
ihrer vegetativen Ausbreitung insular verteilt. Ginster zeichnet sich
durch einen Verbreitungstyp zwisechen zufalliger und insularer Dispersion
aus, Offenbar sind hier Selbstverbreitung (Autochorie) und Verschieppung
der Samen durch Tiere wirksam.

3. Entwicklung der Hoizgewschse

Im Verlauf der primiren Sukzession erobern nichteinheimische Arten (Neo-
phyten) betrachtliche Flichen und besetzen den Wuchsraum anstelle heimi-
scher Arten fir kiirzere oder l&ngere Zeit. £r sind hauptsdchlich bei Re-
kul tivierungsmassnahmen eingebrachte oder sekundiar verbreitete Pflapzen-
arten (Cytisus striatus aus Portugal, Robinia pseudoacacia).

Dieradiale Ausbreitung der Sprosskolonien erfolgt imnerhalb von 10 Be-
obachtungs jahren bei der Robinie durchschnittlich 180 cm, bei der Zitter-
pappel 80 cm pro Jahr. Die Robinie erreicht 5 m, die Zitterpappel nur
2,5 m Sprosslénge. In ihrem HShenwachstum sind beide Arten der Birke weit
unterlegen (Abb., 2). Durch Probegrabungen wurde ermittelt, dass die Wur
zelflége der Birke 28 mal grdsser als ihre Kronenflache und somit in hohem
Masge den drtlichen Standortbedingungen angepasst ist. 4

Die Ergebnisse der Wurzelgrabungen an Gehdzen zeigen ein deutlich aus-
gepragtes Horizontalwurzelsystem. Besonders die flache {5 - 15(20) cm),
weit streichende Wurzeltracht von Birke und Kiefer weist darauf hin, dass
zur Wasser- und Nahrstoffaufnahme nur die oberste Bodenschicht ausgenutzt
wird (Tab. 1).

Tab, 1. Gréssenvergleich der Spross- und Wurzelsysteme ausgegrabener
Geholze.

Alter Sprosshohe Kronenfliache wurzelf}éche max. Wurzelreichweite
m

Jahre m m m
Waldkiefer 14 6,5 9 150 g,0
Héngebirke 13 8,7 7 200, 10,0
Zitterpappel 11 2,5 (308), 95, 3,0
Robinie 10 4,8 (290) 170 18,0
Traubeneiche a 0,7 0,1 2,5 1,4

*Bei Zitterpappel und Robinie ist anstelle der Kronenfldche _die Anzahl der
Wurzelsprosse angegeben. Die Wurzelfldche ist die Zshl 1 mZ—Raster, die
von mindestens einsm Wurzelspross besetzt ist.

Nur der Ausschluss von Wild (Kaninchen, Rehe} durch Zdunung der Dauer-
bevbachtungsfldche ermbglichte das Auflommen der GehSlze. Ausserhalb des
Zaunes wurden die Holzgewichse und KrButer durch Wildverbiss weitgehend
vernichtet,

4, Sukzessionsstadien

Nach Merkmalen der Lebens- und Wuchsform (Raunkiaer) kann der zeitliche
Ablauf der prim#dren Sukzessicn in drei Abschnitte gegliedert werden:
1} Therophyten-5tadium (1. - 3.(4.) Vegetstionspericde).
Bel gleichzeitiger Einwanderung kurzlebiger und ausdauernder Pflanzen
dominieren Einjidhrige (Senecio viscosus, Pea annua, Senecio vulgaris,

Vulpis myuros u.a.).
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Geophyten-Hemikryptophyten-Stadium (3.(4.) - 12. Vegetationsperiode).
Die Verherrschaft der Therophyten wird durch Wurzelknospen- und Rhi-
zom-Geophyten (Fpilobium angustifolium, Calamagrostis epigejos u.a.)
sowie Horst-Hemikryptophyten (Festuca trachyphylla u.a.) abgelbist.
Bei zunehmender Konkurrenzwirkung der Birkemwurzeln und starker Aus-
breitung der Moose und Flechten kommt es zu einem Arten- und Dichte-
rickgang der krautigen Bliiitenpflanzen.

Moos- und flechtenreiches Phanerophyten-(Birken-)Stadium (10.(12.}
bis lber 15. Vegetaticnsperiode hinaus).

Birken bilden zusammen mit Gebiischen der Sprosskolonien von Zitter-
pappel, Robinie sowie Ginster und Sglweide einen lichfen Vorwald, in
dem sich mit dem Aufkommen der Stiel- und Traubeneichen die natirliche
Schlussgesellschaft, ein bodensaurer Laubmischwald, ankiindigt.




SILVICULTURAL DESIGN, AN EXERCISE FOR STUDENTS
R.A.A. Oldeman and P. Schmidt

Departement of Silviculture, Agricultural University, Wageningen, The Netherlands

The development of a forest stand subjected to silvicultural treatment
is one example of a successional process, and the silvicultural system
can only work well if this development indeed follows succession within
the limits imposed by the sitz and potential forest types.

It is very difficult to plan and visualize the whole development of a
forest stand from planting till harvest. This is partly due to the dif-
ferent reactions of forest tree species or even provenances to diverse
environments (soil, climate), but mostly due to the long life eycle of
trees and thus of forest stands. Hence, forestry students of the Agri-
cultural University of Wageningen and other students can participate
in a course of Silvicultursl Design.

During this course, the participants (second year students) have to
schedule the various silvicultural treatments, that guide & chesen forest
stand (starting point) towards a desired type of forest stand and to
visualize and design the projected growth and development of this forest.

The starting point, chosen by the participants, is a transect drawing
of an existing forest drawn during the first week of the course by fresh-
men. The participants of the course Silvicultural Design have made such a
transect one year earlier and assist the freshmen. As a consequence of the
choice of a forest stand as starting point, the ecological conditions for
the stand to be developed, are fixed too.

The desired forest stand, again chosen by the participants, should be
in acccrdance with the ecclogical possibilities of the site and the
policy of the forest owner.

After determining start and finish, the participants map out a rough
treatment schedule on a given matrix, on which the points of time {decades)
and the mode (heavy - light; heterogenous - homogenous) of the necessary
treatments (regeneration, clearing, thinning and harvest) are depicted. To
make this exercise more realistic, a calamity such as damage by diseases,
pests ar storm, forced heavy harvest, back log in thinning, is thrown in
by the teacher. The participants now have to devise ways to quide the
damaged stand still towards the desired aim and to draw a final treatment
schedule.

The participants have to collect the necessary information themselves.
Sources of information are 1) silvicultural diagrams, drawn by the parti-
cipants during the first week of the course, based on data gathered in
the neighbourhood of the freshmen transect; 2) yield tables; 3) monographs
and other literature.

The participants present the results of this "exercise in thinking" in a
small report containing 1) a preliminary rough treatment schedule and a
final treatment schedule, the letter including ways to repair the damags
dane by the calamity; 2} a series of profile drawings and crown projectiaon
maps of crucial stadia in the development of the forest stand shortly
before each major treatment; 3) a short type-written justification. It is
clear, that emphasis is laid upon silvicultural aspects. Other aspects,
e.g. economical, are only marginally included {many interferences are
moTe expensive than a few), but attention for these aspects could be
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enlarged easily.

As an example, the definitive treatment schedule of one group of parti-
cipants (Sj. Wartena; L. Reitsma; R. Wolf; M. de Lange] is shown in
Fig. 1 and Z. This group chose todevelop an cld stand of Scots pine
mixed with young beech and oak into a stand with a high nature value and
possibilities for recreation. The devised calamity was a forced cutting
of 50% of the stem volume at age ninety. Other examples (e.g. old beech
forest into production stands; young stands of Douglas fir into recreational
forest)could be given easily, indicating that this exercise can be used
for forestry students interested in production forestry as well as for

students more interested in nature conservancy.

YEAR CLEANING THINNING AND CUTTING REGENFRATION
0006 cut birch
. thin beech {70 y.)
T~ naturel
T e —_ regencra-
010 cut pine —~ . tion
’.I
- ol
- a-—
020 _thin oak (50 y.)}
T
asg in | cut beech (120 y.} plant oak
natural I e e - ——— — — - — e
regenera- e
070 tion thin osk {20 y.) plant maple
“_cut beech (120 y.) plant dougles
= — fi
0%0 calamity: cut 50% oak, /
no thinning dougles,
mapla, because damaged /
by harvest oak. I
100 damaged L= - plant dougles
,edouglas "~ ¢ _ . _ gy regenerete oak
R
- -
120 cut oak (150 y.}, thin
.- o8k (20, 7C y.), douglas.
-
140 i cut beech (100 y.) regenerate
e e {plant) maple
150 in cut maple and dnﬁ’gl-a'a
natural . (both BO y.)
regenera-— {
160 tion § thin maple {20 y.)
l L4
170 ] cut oak (150 y.} netural
: regenera-
J tion
180 l cut douglas (BO y.)
|
190 | thin maple {50 y.)
H
200 ! cut oak (150 y.)
Fig. 1. fipal trestment schedule. For explanation, see text.
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Fig. 2. Profile drawings and crows projection maps of the starting point
(A) and of the projected development of a stand at various ages (B: 30
year; Cr 60 year; D: 80 yeary E: 100 year: F: 130 year; G: 150 year; H: 180
year) towards the desired stand (Il: 200 year). For treatment schecule see
fig. 1: for further explanation see text.

Abbreviations: Ps = Pinus sylvestris; Pm = Pseudotsuga menziesii; F = Fagus
sylvatica; B = Betula spec.; = {Quercus robur; A = Acer pseudoplatanus.

207




208




209




210




NATURAL REGENERATION OF BEECH FOREST IN JAPAN

Roh Peters

Department of Silviculture, Agricultural University, Wageningen, The Netherlands

In 1983, Japan was visited in order to study Japanese beech forest. In
the preliminary survey, the first objective was to study certain aspects
of Japanese faqus crenata Blume (Fagus japonica Masein} forest, and
compare these with European Fagus sylvatica L. and American Fagus grandi-
folia Ehrh. forest.

The second objective was to examine the possibilities of an integrated
study of phytosociological, structural and ecophysiological characteristics
of the regeneration unit level. The purpose was tc find a mondisl basis for
comparison on the levels of the regeneration unit and the forest mosaic.
The regeneration unit is regarded as a basic unit of development in a
forest mosaic.

By means of literature the aspects of plant sociology, structure and
ecophysiology of these forests were studied. A field study with helt
transect, including soil analysis, was carried out to obtain § more de-
tailed insight in beech forest structures and their relation to species
composition and ecophysiology. The field study was carried out on the
regeneration unit Ievel.

The natural regeneration of beech was studied. Being the climatical
climax forest ecosystem in the cocl temperate zone of Japan, beech forest
is maintained by natural regeneration of beech. This is perceived in the
field, thus called the "Reality".

This reality consists of the regeneration unit and its environment (light,
temperature, precipitation and soil}, which are recorded separately. The
regeneration unit is recorded by measuring and drawing structural aspects,
counting plant species and measuring ecophysiological aspects, e.g. by
means of belt transect analysis. Belt transects were made of regenesration
units in different phases of development.

After recording, data were processed into models which describe different
possible natural regeneration processes of beech forest (fig. 1). In a
natural beech forest usually a canopy gap is caused by single tree fall.
Hence the size is small. This gap may be filled by beech trees, other
canocpy tree species or a subcanopy tree species through natural regener-
ation.

In the analyzed beech forests cther canopy tree species occurred with
low freguency, while they could hardly compete with beech. The subcanopy
tree species may be profit from advanced growth, but as it never reaches
the upper structure layer it will be overgrown again by surrounding beech
trees or a successor beech tree.

Subcanopy tree species, e.g. Acer _mcno and Acer sieboldianum, scmetimes
reacted in gap formation by restarting height growth. Maybe the age of the
restricted subcanopy tree at the time of release determines the ability
to restart height growth.

When a whole forest stand is removed by a natural disaster or by clear-
cut, then again natural regeneration will! take place. First, pioneer trees
may germinate, but becch seedlings may also be found. In the course of time
beech will prove to he the strongest competitor.
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However this model is not based on a set of carefully selected regener-
ation units, representative for all the sequential phases of development.
In a follow up research data will be collected frum more selected re-
presentative regeneration units. Then a model for the develcpment of an
individual regeneration unit may be designed. Site conditions should be
taken into account. A forest mosaic is composed of regeneration units in
different phases of development. Hence, after studying presence and dis-

tribution of these units, the step to the higher level of forest mosaic
can be made.

In this way the beech forest in the cool temperate zone of the Northern
Hemisphere will be studied. The cbject of this study is to understand the
general and local features of the ecology and the silviculture of the
beech trees and forests.

5 68 FQF ar q
e ——
geFFE F F q 4 g F BYQF q
F = Fagus
A = Acer
Q = Quercus
8 = Betula —

Fig. 1. Some hypothetical regeneration processes on optimal beech forest
sites. The regeneration processes originated after single tree fall (%)
or after clear-cut (**). Based on forest structures found in the differ-
ent belt transects. {Peters, 1985).

This hand-out is based on:

Petefs, R., 1985, Japanese beech foregt. M.sc. thesis. Dept. Silviculture,
Wageningen Agricultural University, The Netherlands.
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THE DEVELOPMENT OF YOUNG DDUGLAS FIR STANDS ESTABLISHED AT VARIOUS SPACINGS

J.K. van Raife and M. Roelvink

Department of Silviculture, Agricultural University, Wageningen, The Netherlands

The objective of this study was to examine the influence of initial
spacing on the development c¢f young Douglas fir stands in the Netherlands.
Stand characteristics such as tree height, diameter, crown dimensicns,
diameter increment, stand voclume etc. were examined. This was done both
on a stand level and for the biggest trees per stand., These higgest trees
are the potential crop trees, + 200 per hectare.

From the total of nine stands studied, three examples of 16 year old
stands on the same relatively good scil type, will be discussed here.

Stand A: spacing 3.0x3.0 meters, stand B: spacing Z.5xZ.5 meters, stand
C: spacing 2.0x2.5 m. Stand A was established on a clearcut area but the
other stands on an area on which strip-cutting had been used.

To reconstruct both heightgrowth and crown development one site tree
per stand was cut and analysed (see figure 1 appendix}. This figure is
a scale drawing of the site trees, the crowns of these trees are drawn
for age 16, 15, 12, and 9. Differences in height are not representative
for the stands. The site trees were selected on diameter only (d(gl)=d
{mean)+ 0.5 em.). d(g) for: stand A=13.53 cm. , average height=8.77m,

stand B=11.55 cm. , average height=7.87m.
stand C=11.38 cm. , average height=8.93m.

M
101 0 107

Fig. 1. The (schematic) development of the crowndimensions of the site
tree in four steps, at age 9, 12, 15, and lé6.

Stand development reconstruction

The transects in the appendix (figure 2) give an impression of the develop-
ment of these three stands. The reconstruction is based on the crown devel-
cpment as indicated by the site tree, data from diameter increment borings
and the present situatiaon.
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Fig. Z. Schematic transects, in a representative part cf the stands,
at three year intervals (at age 6, 11, and 16).

Results

The following is a summary of the results of all 9 stands studied. Pos-
sible trends were analysed statistically with the Spearman rank correlation
v test {a two-sided test with a reliability of 90% was used).

* Average crown width, crown length, crown projectionarea, crown cicumfe-
rence, crown ratio, diameter, diameter increment, and treevalume increase
significantly with increasing spacing.

* The dispersion of the diameter distripution, the total vclume present,
and the slenderness of the trees (h/d-ratio)} decrease with increasing
spacings.

. ¥ Height, topheight and bkasal area showed no significant change with changing
! spacings.
For the biggest trees per stand only crown dimensions and diameter in-
crement were found to change significantly with varying spacings, the other
i . parameters did not change significantly. This indicates that the develop-
. ment of the final crop trees is less influenced by initial spacing than
e the average tree,
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HIGH, LOW AND NO THINNING EXPERIMENT WITH DOUGLAS FIR IN THE NETHERLANDS

A.L. Schoenmakers and L.C. Kuiper

Department of Silviculture, Agricultural University, Wageningen, The Netherlands

Introduction

A significant increase of the total area of Douglas fir plantaticns in
the Netherlands is to be expected within the next decades (Meerjarenplan
bosbouw, 1985}. In the governmental plans it is assumed that a high thin-
ning regime is the optimal way to menage Douglas fir stands under Duteh
growth conditions. However, in the literature there are scme indicatiocns
that high thinning methods are not ideal for all situations (Hall and
Quenet, 198G, Cole, 1984, Schoenmakers and Emmingham, 1984). Therefare
some supplementary studies on thinning in Douglas fir could be useful

Fortunately a demonstration experiment of high, low and no thinning-
was established 10 years age in a 37-year old stand at the Veluwe near
Oud-Millingen, which previously had been untreated. Data collection until
now was merely on stand level. For a better understanding of the influence
of thinning on stand development, single tree data as collected in this
study should be more informative. One of the aims of this experiment was
to analyse the structure and the diameter and social position distribution.

Methods

DBH, crown, projection area and coordinates of all trees in 6 different
0.1 ha plots were measured, supplemented by the measurement of tree height
and crown height in a 5 m wide strip. Increment cores were also taken. A
vertical diagram for each plot was made. For the analysis of the data the
growth model of Faber (1983) was used.

Results

An example of a verticsl diagram and a growing space map for the unthinned
plot are given in figure 1 and figure 2. Vertical diagrams give a cood idea
of the structure and the social positions of a stand. The growing spaces
give an indicatiaon of the within stand competition. Note the large amount
of small trees and the narrow crowns. Figure 3 shows some of the plot data.
The low thinping has the largest BA and velume followed by the unthinned
plot. The social positions in figure 4 were taken from Faber's growth model.
Note that the diameter distribution differs from the social position
distribution, .

Conglusions

- The domirant height of all plots is about the same (hggn, = 20.8). This
is site class 4. Site differences between plots are therefore neglectable.

- The diameter distribution differs from the social position distribution.
Selection on diameter only is not reliable for these plots.

- 1In this experiment the high thinning yielded the worst results. This
could have important implications for future management. Therefore more
detailed studies on thinning in Douglas fir are needed.
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STRUCTURE OF THE PRIMAEVAL FOREST OF FIBY

R. Leemans

Institute of Ecological Botany, University of Uppsala, Uppsala, Sweden

Summary

The above-ground structure of the tree and shrub layer of three sites
within the natural coniferous forest of Fiby is described. During the
summer of 1984 three plots of 0.5 ha were established within different
natural spruce forest communities. Each individual tree was mapped,
several structural characteristics were measured, and cverall stand
characteristics were obtained. Major differences in structure among the
three plots are related to the known history of the plots and probably
to differences in the availability of nutrients and moisture.

Keywords: Above-ground structure, primaeval boreal forest.

Introduction ,

Descriptions of forest stand structure have long been used to give
basic information for silvicultural, successional and regeneration studies
and as input material for modelling and simulation of forest processes.
Most of the commonly used descriptars of above-ground forest stand
structure were developed in the late nineteenth century for forestry
purposes. They were used to get a quick estimator for the amount of
available and useable timber in a stand. Nowadays, main attention is
still given to these tree size distributions and stand characteristics,
Stand structure is often correlated with site conditions {e.g. Werger
et al., 1984), with demographic properties of the stand to study dynamical
processes within forest stands (e.qg. Knowless and Grant, 1983) and the
history of stand development {e.g. Henry and Swan, 1974; Oliver and
Stephens, 1977).

The purpecse of this paper is to give a complete description of the
above-ground structure of three spruce forest communities in a primaeval
forest reserve, and to assess and interpret the differences between the
communities. This research is part of a larger research project at the
Institute of Ecological Botany, Uppsala, started in the summer of 1984,

Material and methods
Research Area

The nature reserve 'Fiby Urskog' (the primaeval forest of Fiby) is
located 20 km west of Uppsala, central Sweden. It is one of the hest
preserved examples of a natural boreo-nemoral conifercus forest in
Sweden., The reserve is surrounded to the south and west by other
forests, which act as a buffer to protect the reserve; in the east by
agricultural land; and in the north by Lake Fiby (Fibsjon). The vegeta-
tion within the reserve consists mainly of two different forest types.
On higher granite ridges an extremely slow-growing and open Scots pine
(Pinus sylvestris L.) forest dominates. If not disturbed by trampling,
the tops of these massive granite ridges are covered with a mosaic
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of cryptogams, especially lichens. Depressions between these ridges
are occupied by patches of Ledum palustre L. and Sphagnum mire,

The major part of the forest consist of a Norway spruce (Picea abies
L.) forest with some scattered pine and broad-leaved trees. The field
: layer vegetation varies from species poor dwarf-shrub dominated types
! toc more species rich types. The spruce forest occurs on lower parts
! around the granite ridges on boulder moraines, glacial till and later
sedimentary deposits. The spruce forest has a natural character, with
an uneven age structure, standing dead trunks and many fallen logs
in different stages of decomposition. A brief description of the forest,
its history and its importance for nature conservation is given by
Hytteborn and Packham (1985).

Sample plots

ODuring the summer of 1984 I placed three permanent plots cof 0.5 ha
(50m by 100m) within the spruce forest communities of Fiby.

Plot 1 is situated in the most northern part of the reserve on a
slope towards lake Fiby. It is a spruce forest with some pine, aspen
(Populus tremula L.} and birch (Betula pubescens Ehrh. and B.pendula
Roth.). At the top of the slaope pine becomes more abundant, due to
proximity to one of the ridge systems. The shrub layer is poorly
developed and consists mainly of single saplings of spruce and a few
scattered mountain ash (Sorbus aucuparia L.} and birch saplings. The
herb layer is species-poor and consists mostly of bilberry (Vaccinium
myrtillus L.}, cowberry (Vaccinium vitis-idasa L.) and wavy hair-grass
(Deschampsia flexucsa {L.) Trin.). Several moss spescies are abundant
in the well developed moss-layer. The soil is mostly a moraine of
coarse material, rich in boulders. There are only a few patches with
finer sediments. Nutrient and water availability is poor.

Piot 2 is situsted at the southern border of the reserve. This part
of the forest was once used for forestry, but is now part of the buffer
area around the nature reserve and is not used for forestry any longer.

I The age distribution is more even than within the most primaeval parts
of the reserve. The oldest trees are about 150 years old (Claessen &

i Leemans, 1981). The forest is pure spruce, with few individuals of other
tree species. The shrub layer is better develcped than in the other plots
and consists mostly of low shrubs of species such as mountain currant
{(Ribes alpinum L.), raspberry (Rubus idaeus L.) and honeysuckle (Lonicera
periclymenum L.}, some scattered mountain ash and hazel (Corylus avellana
L.), and groups of saplings of spruce. The species-rich herb layer is
a mosaic with patches dominated by wood sorrel {(Oxalis acetosella t.),
hepatica (Hepatica nobilis L.) and may lily (Maianthemum bifolium (L.)

‘ F.W. Schmidt); of bushgrass (Calamagrostis arundinacaea L.); and of

¢ bilberry, cowberry and cowwheat {Melampyrum sylvaticum L. and M.pratense

i! L.). The soil consists of fine sediments and moraine with some scattered

boulders and is more nutrient rich than in the older plots.

Plot 3 is situated in the western part of the-reserve. It is a spruce
forest with several big aspens and birches and some old pines. The
shrub-layer is poorly developed and consists mainly of groups of or
single saplings of spruce. The berb layer is species-poor, with dominant
species of bilberry, cowberry and bhair-grass. The moss-layer is well
developed., The nutrient-poor soil consists of cparse and fine material
with some big boulders,
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Positions of the trees in plot 1. The dots represent the base of
each individual tree. The different dot sizes represents the three
size groups mentioned in the text. Only the crown projections of

the two largest size classes are drawn. ( M = Picea, ® = Pinus,
4 = Populus, p = Betula, <& = other species, x = dead

standing trunc, = = fallen log)

223



5
] 4 .
. ] o
- ~
[ a " [
" L
. N
p " [ »
- . . ?
.. 0l " - w S
{ - . y
% ) LYY ks
] v, =
A n n
" o
n "
wi o *
» =
] [ ' -
» 3
. LIy -._-- '... .
[ ] : ‘-.- =
' -
[ ] ’. [ ]
O P - . L u
) n
AT .
.i. .Il L] . -
.- 4."‘ - | L /.“
. ' n
- =
L " . . -
" . g :
ml " =" v u = o
N w Sl n
A A " ¥ .
0 50m

Fig. 2. Positions of the trees in plot 2. The dots represent the base of
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each individual tree. The different dot sizes represents the three
size groups menLioped in the text. Only the crown projections of

the two largest size classes are drawn. { B = Picea, ® = Pinus,
<4 = Populus, P = Betula, < = other species, x = dead

standing trunc, = = fallen log)



Fig. 3.

1
0 50ns

Poggitions of the trees in plot 3. The dots represent the base of
each individual tree. The different dot sizes represents the three
size groups mentioned in the text. Only the crown projections of
the two largest size classes are drawn. ( M = Picea, ® = Pinus,

<4 = Pogpulus, > = Betula, < = other species, x = dead
standing trunc, =— = fallen lag)
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Sample methods

tvery individual of the tree species abave 0.5 m height within these
plots were mapped together with fallen logs, standing dead trunks and
crown projections. Each individual was numbered and the species were
noted. The following structural characteristics were measured: diameter
at breast height (DBH), total tree height (Ht), crown length (He), bole
height {Hb)} and crown diameter (Dc). DBH was measured with a special
tape, which while measuring the "circumference" outside bark, permits
direct reading of the diameter. Heights were measured with a Suunto
clinometer. This light and handy device is easy and accurate in use for

the two most common species spruce and pine, but gives difficulties in
the height measurement for the flat-crowned birches and aspens. For these

two species there is a tendency to overestimate the total height, but
because of the few individuals of these species, the measurement was

. not repeated with more acurate devices. Crown diameter was measured in

two different directions (minimal diameter and maximum diameter); the
mean betuween these two values is presented as the erown diameter. From
these data, the fcllowing cverall stand characteristics were computed:
number of trees (N), maximum total tresheight {(Htmax), and maximum basal
area (BA). The ratios of bole height and crown length (Hb/Hc)}, crown
length and crown diameter (Hc/De), total tree height and crown diameter
(Ht/De}, diameter at breast height and total tree height (DBH/Ht), and
diameter at breast height and crown diameter (DBH/Dc) were also computed
for each tree. The maps were used to measure gapsize.

Table 1. Number of individuals of each taxon {per 0.5 ha.}

Picea Pinus Betula Populus Tilia Alnus Sorbus total

plat 1 558 34 12 9 - 1 12 664
plot 2 396 6 - 6 3 - 4 415
plet 3 582 26 a 12 - - - 628

Table 2. Basal area of each taxon (mz per ha.}

Picea Pinus Betula Populus Tilia Alnus Sorbus total

plot 1 2.6  13.2 1.7 2.5 - 0.4 0.1 42,5
plet 2 43.0 1.3 - 0.5 0.2 - 0.1 45.1
plot 3 27.7 5.6 7.2 2.5 - - - 37.0
PLOTH PLOT2 i PLOTS
« SPRUCE
51
H ﬂq‘ ] PINE
W 20 30 4 S0 6o W0 2 30 4 50 o . cm
: DBH DoH DBH

Fig. 4. DBH class distribution far the major tree taxa (spruce and
pine} for plot 1-3. Figures are given in cm.
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Figure 5. Total height class distribution for the major tree taxa (spruce
and pine) for plot 1-3. Figures are given in m,

Results and discussion

The maps over plot 1 to 3 {Fig. 1-3} give a good impression of the
above-ground structure of the plots and the differences betweer the
plets. Plot 2 has an almost closed cancpy, with only five distinct
gaps; plots 1 and 3 have a more clumped canopy with many gaps of
different sizes. In plots 1 and 3 it is difficult to distinguish all
gaps from the many smell openings in the cancpy. The range of gapsize
is different for the three plots: 50 to 450 mZ in plot 1 (mean crown
area is 11.8 + 5.3 mZ
crown area is 20.5 + 8.8 mZ for mature spruce J); and 50 to 300 m2in plot
3 (mean crown area is 12.5 + 5.7 m? for mature spruce). Clumped groups
of seedlings and small saplings can be found in many of the bigger gaps,
most obviously in plot 2.

Plot ? differs also in the rather low number of windthrows, broken
trunks and dead standing trees. Most of them died or were overthrown
recently. The total number of fallen trunks for the two cther plots
are in the same order (80 per ha) as the figures given by Falinski,

1978, for a natural mixed coniferous forest stand in the Bialowieza
reserve in Poland., Tree height distributions and DBH distributions

for the most common tree taxa (spruce and pine) are drawn in fig. 4

and 5. For spruce all the distributions are bimodal; three different
groups can easily be distinguished. The first group consists of small
saplings (Ht < 5m and DBH < 0.10m}. The second is an intermediate group
of bigger saplings and young mature trees (Ht < 15.0m and DBH <0.20m},
who have not yet reachad the canopy. This group is poorly developed

in plot 2, but abundant in the other two plots. The last group consist

of all the mature trees {(Ht >15.0m and DBH >0.20m}, which form the
canopy. A similar distribution is given by Nahashizuka and Numata, 1982,
for a Japanese beech (Fagus crenata) forest. The height and DBH distribu-
tions for pine are unimodal. Small saplings of pine are seldomly found.
Most individuals reach the canopy. Differences in shape of the size
distributions aof different taxa can easily be explaired by competition
for light under s closed canopy. Only spruce is capable of regenerating
under a closed canopy.

The number of individuals (Table 1) within the tree plots are compar-
able with some natural mixed coniferous forest from the Alps in Austria
{(Mayer et al., 1972). The basal areas from the plots (Table 2) are low
comparsd with a climax coniferous forest in Japan {BA= 85.8 mZ/ha,

for mature spruce); 120 to 200 a2 in plot 2 {mean
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forests in the western United States (BA= 120 m2/ha, Waring and Franklin,
1979), but comparable to figures given by Mayer et al. (1972) for the
Austrian forests. Table 3 and 4 show that the trees grow bigger in all
directions in plol 2. This tendency is also reflected in the different
ratios {Table 5). Only the ratio DBH/Ht is not influenced and gives

’ Suzuki, 1980), and very low if compared with old growth coniferous

Table 3. Some structural characteristics for the tallest trees (Ht< 15.0m}.
The mean values are given for all figures in meters and per 0.5 ba.

Picea
N Htl{max) Ht Hb DBH He De
plot 1 175 24.9 19.2 + 2.5 6.0 + 2.3 G.26 i’O 07 13.3 + 3.0 3.8 + 0.8
plot 2 204 32,1 24.9 % 3.8 8,57% 3.2 0.35 % 0.09 16.3 1 3.9 5.0 4 1.1
; plot 3 188 28.7 20.9 + 3.3 7.1 i_Z 8 0.26 + 0.08 13.8 + 3.8 3.9 + 0.8
finus
[ N  Ht(max) Ht Hb DBH He Dc
i e e e e e o o = ke ke e Pkt A o o o e e e e —— ———————— - ———
: plot 1 73 23.1 19.0 + 1.9 13.0 + 2.3 0.33 + 0.07 6.0 + 2.3 4.7 + 1.0
: plot 2 6 27.3 21.1% 3.2 13,7 3.7 0.37 ¥ 0.04 7.4 % 3.2 4.8+ 0.6
i plct 3 26 26.3 22.2 + 2.3 15.3 + 2.2 0.37 + 0,06 6.9 + 2.1 5.5 + 1.1
Betula
N Ht(max) Ht Hb DBH He De
plot 1 8 18.6 17.7 + 0.7 9.9 + 1.6 0.29 + 0.11 8.5 + 1.4 4.7 + 1.0
plot Z - - - - - - -
plot 3 8 23.5 21.5+ 2.2 12.3 + 3.5 0.31 + 0.06 6.9 + 2.1 5.5 + 1.1
| Populus
! N Ht{max) Ht Hb DBH He Dc
o e e e e e e = e
plot 1 7 23.4 21.9 + 1.3 12,1 + 1.6 0.44 + 0.13 9.8 + 1.9 8.0 + 1.5
plot 2 2 21.0 18.7 + 3.3 6.2 + 0.0 0.31 + 0.02 12.4 + 3.3 6.0 + 2.1
plot 3 11 26.4 23.9 + 1.7 13.8 i;Z 3 0,37 + 0,05 8.0+1.9 6.9 +1.5
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Table &. Some structural characteristics for the trees (Ht > 5.0 m) for the
two most common species. The mean values are given for all figures
in meters and per 0.5 bha.

Picea

N Ht Hb DBH He De
plet 1 350 14.4 + 5.5 4.8 + 2.7 0.12 + 0.09 9.3 + 4.6 3.4 + 0.8
plot 2 229 23.3 + 5.9 8.0 + 3.4 0.32 + 0.17 15.2 + 4.8 4.8 + 1.2
plet 3 302 16.8 + 6.1 5.9 + 2.8 0.22 + 0.10 10.8 + 5.0 3.5 + 0.9
Pinus

N Ht Hb DBH He De
plat 1 79 8.4 + 2.8 12.6 + 2.6 0.32 + D.08 5.8 + 2.3 4.0+ 1.0
plot 2 6 21,1 % 3.2 13.7% 3.7 0.37 ¥ 0.04 7.4 3.2 4.7 1 0.6
plot 3 27 21.6 + 3.7 14.8 + 3.2 0.36 + 0.08 6.8 + 2.1 5.4 + 1.1

Table 5. Means aof the computed ratios for the trees (Ht > 5.0 m} for the

two most common species. p
Picea

N Hb/He He /De Ht/De DBH/Ht DBH/De
plot 1 350 0.66 + 0.54 2.7 + 1.2 4.2 + 1.5 0.013 4+ 0.0602 0.055 + 0.021
plot 2 229 0.5%9 + 0.38 3.2 + 0.2 4.9 + 1.7 0.0%4 + 0.C03 0.067 + 0.017
plet 3 302 0.67 + G.48 3.1 + 1.1 4.8 + 1.5 0,013 + 0.002 D0.061 + G.0Z1
Pinus

N Hb/He He/De Ht/De DBH/HL DBH/Dc
plot 1 72 2.66 + 1.63 1.4 + 0.6 4.8 + 1.2 0.017 + 0.004 0.081 + 0.018
plot 2 6 2.26 + 1.21 1.5 + 0.6 4.5+ 1.0 0,018 + 0,003 0.079 + 0,010
plot 3 27 2.4% + 1.02 1.3 + 0.3 4.1 + 0.9 0.017 + 0.002 0.067 + 0,013

similar values for all the plots. There is a fixed relationship between
height and diameter, regardless to differences in site conditions. The
tree species do not reach their absolute maximum dimensions in the plots
(campare Mayer et al., 1972, falinski, 1978, and Mayer et al., 1979},
due to poor site conditions and the specific 'storm gap' regeneration
structure of these spruce forests. Spruce is, especially on boulder
moraine, susceptible for windthrow (Sernander, 1936).

Major differences in structure among the three plots are related to the
known history of the plots and probably to differences in the availability
of nutrients and moisture.
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STUDY OF VEGETATION CHANGES IN NATURAL FOREST RESERVES IN SOUTH- WEST GERMANY
W. Biicking

Forest Research Institute Baden-Worttemberg, Freiburg i. Br., Federal Republic of Germany

Summary

Some permanent plots in the natural forest reserve (Bamnwald) "Untereck"
(Baden-Wirttemberg, FRG) have been monitored for 50 years; the results
for two instable areas free from permanent vegetation cover (fig. 3) or
covered only prefcrest stages rich in spruce (fig. 4) are described.

The third example deals with an deteriorating older beech - silver fir
stand {fig. 5, 6}. Since 1970 the scale af the monitoring has been
larger: today 1650 ha natural forest reserves (fig. 1) that are intended
to become the virgin forests of tomorrow, and from which human inter-
ference is excluded and which are used as "opern air laberateories™

are being monitored.

Keywords: Vegetation succession, establishment of forests, nakural
forest reserves.

Introduction

Interest in the basic problems of succession and the thorough documen-
tation of vegetation changes in areas of Central Europe with
extensive forests, was expressed early in the century. One of the
locations where this work has been pursued is in the natural forest
regervation (Banngebiet, Bannwald) "Untereck", This reserve was
established about 1935, In 1970 40 reserves were excluded from any
direct human interference and designated for the study of natural
vegetation development (Dieterich et al. 1970). Today there are about
1450 ha of forest reserves, sited in 43 different forests in Baden-
Wirttemberg (fig. 1).

50 years of vegetation studies in the Bannwald "Untereck’
Development of sites liable to erosion

Long-term observations are so far only available from the montane beech-
silver fir region of the Swabian Jura {Bannwald "Untereck", figs.
1, 2, table 1}. Vegetation scientists (Koch & v.Gaisberg, 1938, 1939)
were originally especially interested in sample aress that wers free
from woody vegetation. There the guestion to be examined was whether
such sites are always free from forest vegetation (and in that case
can serve as a refuge for botanical species that could not survive
under a tree cover), or whether these sites develop intc a forsst.
The sites in question are very liable to erosicn because they include
extremely steep slopes with bedrock changing from marl to limestone.

The sample areas show a high degree of instability during the moni-
toring period (fig. 3). Only early stages of pioneer vegetation
(composed of grasses, herbs, seedlings and small individuals of broad-
leaves woody speciss) have developed, but they sre regularly destroyed
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Naturfchutzgebiet Untereck
Verteilung der Planzengefellfchaffen
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Fig. 2. Vegetation map of "Untereck” natural forest reserve (from
Koch & v. Gaisberg, 1938). Position of old permanent sample areas

il - X, circuiar plots 1 - 18, stand profile transects P 1 - P 9,

and larger sample areas. Mapped vegetation communities: Bu-Ta-Wald:
besch-white fir forest {typically dry, with Allium ursinum, and
Sesleria caerulea). Ul-Ah-Wald: elm-maple forest (with Petasites
albus, and Lunaria rediviva). Mehlbeer-Bu-Ta-Stadium: rowan-beech-
white fir stage. Bergreitgrasgesellschaft: association of Cala-
magrostis varia. Pestwurzgesellschaft: association of Petasites albus.
Weidensumpf: wiilow swamp.
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Table 1. Forest reserves {Bannwdlder) in Baden-Wirttemberg

Ng . * Name of faorest Short description Size
(Fig.1) (ha)
1. Growth area "Oberrheinisches Tiefland" (Upper Rhine Basin)
1.  Hechtsgraben Riparian forest (Rhine valley) 15
2. Bachtaler Wald Oak-hornbeam ferest 13
3. FranZosenbusch Seots pine forest on sandy soils (not 17
natural)
4.  Kartoffelacker Scots pine forest on sandy soil (n.nat.) 15
42. Reissinsel Riparian forest (Rhine valley) 15
43, Taubergiessen Riparian forest (Rhine valley) 170
2. Growth area "Odenwald” {Oden Forest)
17. Sautrieb Beech-oak forest 12
18. Schnapsried Beech-oak forest with Scots pine 16
3. Growth area "Schwarzwald "{Black Forest)
5. Schwarzhalden Beech-white fir forest 147
6. Wehrstal Beech-white fir forest 105
7. Flih Beech-white fir forast 37
8. Faulbach Beech-white fir forest 20
9.  MNapf Mixed forest (high montaneous) 108
10. Jweribach Beech-white fir forest 97
11. Conventwald Beech-white fir forest 17
12. Schliffkopf Beech-white fir forest 15
13, Wilder See-Hornisgrinde Beech-white fir-spruce forest, 84
forest bordering high bhog
14, Hoher Ochsenkopf Spruce forest 41
15.  Wilseemcor Forests bordering raised bog 181
16.  Waldmoor-Torfstich Forest bordering raised bog 11
41. Hirschfelsen Mixed forest (montane) 20
4, Growth area "Neckarland" (MNeckar Region)
19. Stammberg Beech-cak and oak-wild service tree 23
forests
20. Lindach Beech-cak forest 16
21. Schlierbach Beech-pak forest 27
22, Greifenberg Beech-oak forest 13
23, Sommerberg Beech-oak forest 12
24, Eisenbachhain Beech-cak forest 8
25. Steinhdusle Beech-white fir ferest 22
26.  Wieslaufschlucht Beech-white fir forest 53
5. Growth arsa "Schwibische Alb" (Swabian Alb)
27. Untereck Beech-white fir forest 33
28. Kohltal Maple-elm-lime forest 33
29. Rabensteig Steppenheide-forest 28
30.  Négelesfelsen Steppenheide-farest 12
31. Grubenhaus Beech forest with oak 16
6. Growth area "Sidwestdeutsches Alpenverland" (Foothills of the Alps)
32. Hohentwiel Steppenheide-farest 20
33,  Glastobel Maple-elm forest 32
34,  Edensbacher Mbsle Forests bordering raised beg 4
35, Flremcos Forests bordering raised beg 5
36, Dorpachried Forests borderingy raised bog 47
37.  Brunnenholzried Forests bordering raised bog 75
38.  Allgaier Riedle Swamp forest (common aldetr} 3
39, Riedschachen Forest bordering raised bog 11
40.  Freibergmisse Anthropogenic spruce forest 1
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by new landslides.

Therefore a durable vegetation cover cannot be attained. Site mosaic
is small and inhomogeneous within short distances. Strips of woody
patches on less eraded rocks are interspersed with open areas that
occasionally suffer landslides that destroy even the preforsst stages
(see figure 4). Mass transports on an even greater scale occur ocrca-
sionally in the slope region of the "Swabian Alb" {(Bibus, 1983).

The vegetation of permanent plot V (fig. 4) has evolved from pioneer
vegetation to a preforest plant association "Tofieldia - Picea -
community™ (Miller, 197%), which was covered by brushwood only to
a small extent, even in 1970. In 1980 the total sample area was lost
because of a landslip. Of the woody species, spruce had the most
established individuals. The tallest trees were spruce, pine, and
beech, whereas typical broadleaved pioneer f{rees were rare. -The dominance
of spruce is surprising, given figure 3 and the presumed final forest
association which, according to Koch & v.Gaisberg (1938; see also
Miller & Oberdorfer (1974) is thought to be a complex of Calamagrostic-

Pipetum (on marly soils), Cytiso-Pinetum (on very shallow rocky sites),

Tilip-Acerion communities (on loose rocks) and Carici-Fagetum (on

deeper calcareous soils).

The reasons for the establishment of different tree species seedlings
in the two plots can be found tc a certain degree in local factors:
the very small gap in figure 5 for example, is formed in beech -
maple - ash stands, whereas the cpen slopes surrcunding plot Y are
evidently strongly influenced by nearby stands rich in spruce.

Development of an established forest

Research plots on less steep and therefore more stable slopes with

.deeper (evolved) soils comprise beech forest communities with white fir

{Lathyro-Fagetum with natural admixture of Abies albaj; Miiller & Oberdor-
fer, 1974). In the case of plot VI (fig. 5) the long-term development

uphill
o

(@'_"“ P

e

"~ downhill gradient 33%
5 ) o

F ] regenerating groups of white high)
fir (numerocus individ., 1- 5m

° Jo) densel growth of mercurialis perennis.
o+
o

o silver fire beach

= ash v alm

O trees 10cm* DBH

7y stunps

D) larger lying stems
---direction of fall tree

2 former vegetation limit
+ dead, standing tree

*smaller diameters are denoted
by their spcles gymbols
Fig. 5. "Untereck" natural forest reserve; vegetatlon development of

permanent plot VI (200 m2), 1938 - 1980,
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of an old and relatively natural beech - silver fir stand is shown.
The stand detericration that began as early as 1938 (at that time
the falling trees were up to 180 years old) accelerated between 1970
and 1980.

Individuals of Abies alba from an earlier regeneration period mostly
die off under the developing canopy of Fagus sylvatica and Ulmus
scabra.

The present-day structure of this plot is shown in stand profile
transect fig.6). The permanent plot is located on the left side
of the profile. Vitality and cover of the herbaceous vegetation diminish
in relation to the lack of light, but all the floristic elements
persist almost entirely. Some individuals - especially fern species
such as Phyllitis scolopendrium or Polystichum sculeatum - seem to
be very longliving and their presence in one spot can be traced back
cver several decades.

S50il development stagss cover a very great scale from calcareous
rocky or marly raw soils to brown rendzinas or terra fusca; same
global parameters of decalcification and organic carbon accumulation
are shown in tabel 2, together with carbon-related ratios of the
major nutrient elements nitrogen, phosphorus, potassium,and KC1 extracted
calcium. As all soils of the sites studied are still in the buffer range
of calcium carbonate, no major soil changes in the chemistry are
anticipated in the immediate future. Changes in the more distant
future can only be anticipated by more sensitive methods of analysing
soil samples from "Untereck".

New aspects of succession research in natural forest reserves

The older research plots described above deal with special sites
and special succession probiems. The new research programme initiated
in 1970 (Bicking et al. in this volume) is still in the phase of
first inventories that as yet can seldom be interpreted in terms
of sucression processes. The central aim of this long-term research
is to elucidate the competitive role of the different main tree species
(beech, white fir, fir, ocak, pine and others) on a greater number
of normal site types in Germany. Successional stages should be documented
as exactly as possible, because the long-term development of stands has
to be ascertained. In contrast to other succession research programmes
that try toc evaluate succession processes by comparing results from
neighbouring states, we think it important to follow as closely as
possible the development in time of a special plot or a definite
individual. Very many plots have to be studied, because starting the
points of succession vary greatly, depending-on earlier human influence
on forests and in site factors. The general rules of the competitive
ability of main tree species that we are trying to identify in these
"open air laboratories" cannot be ascertained without reference to local
site factors and historical components. .

In addition, natural forest reserves have been established in order
to allow virgin forest to stshilize. These "Bannwdlder" hsbe been
called the "virgin forests of tommorow" (Dieterich et al. 1970). There are

very Tew true virgin forests from which such forests cculd develop, although

the genetic continuity is still maintained in the trees present in stands
that have been allowed to regenerate naturally. But the small protected
areas are surrcunded by commercial forests or even by agricultural areas,
from which they cannot be isolated. Thercfore important changes of site
factors interfere. Foresters have changed the conditions of competition
and succession in the productive forests and created new dominants in
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Fig. 6. 90 m stand profile transect from the centre of Bannwald "Unter-
eck” showing a less steep section from 800 to 840 m. The permanent

plot VI described in the text corresponds to the part of the profile
between 2 to 15 m. Stand is dominated by broadleaved trees; it is

a beech-white fir forest with some spruce {(not present in prcfile
transect}, elm and ash in the lower parts and an ash-maple-elm

forest in the upper parts of the profile.
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the landscape by introducing new commercially relevant species; the new
forest diseases are going to be a very great problem to natural forest
reserves, and modern game browsing continues former animal grazing, one
of the most important impacts on forest tree composition (Wilmanns, 1977).
The virgin forests of tomorrow will be natural only in the sense that
direct human influence is excluded; indirect influences, however, cannot
be avoided. They will therefore not be comparable with former primary
forests but only correspond to natural potential vegetation of tomorrow

in an ecosphere transformed by humans.

Acknowledgement: Some of the research was financially supported by the
German Research Community (DFG). I thank W. Reinhardt for the prepa-
ration of the stand profile transect (fig. 5).
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THE STRUCTURE OF A 1000 YR OLD DOUGLAS FIR STAND IN WESTERN WASHINGTON
L.C. Kuiper and W.4. Kervel

Department of Silviculture, Agricultural University, Wageningen, The Netherlands

In 1984 the structure and dynamics of & series of natural Douglas fir
stands in the Pacific Northwest was studied, forming a chronosequence of
ages rangeing from 50 yr to 1000 yr old (Kuiper et al., in prep.}.

Vertical diagrams were made in 15 different Douglas fir stands on more
or less comparable sites within the Tsugz heterophylla zone.

In this paper an example of such a diagram of the structure of a 1000 yr
old Douglas fir stand is presented. The stand is located in the Carbon River
valley of Mount Rainier Natiomal Park, at an elevation of about 600 m.

. CARBON RIVER .
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The large amounts of coarse woody debris is covered by mosses, an abun-
dance of Tsuga heterophylla saplings and by sword ferns (Polystichum
munitum}.

The distribution of the numbsr of stems, volume, basal area along the
transect and the diameter at breast height is presented in the next fi-
gures. Since the location of the transect plot was selected in such a way
that a maximum number of large Douglas fir trees were present in the 130 x
10 m strip, these data represent the upper limit of what actually can be
found in such a forest community. Which is quite impressive: tree heights
of B85-100 m; d.b.h. of 1.5 - 2.0 m; an average basal area aof 220 m“/ha
and o total standing volume of 4320 m/ha.
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NN 47177
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I g vl
1 ] ] 1 1
0 .5 1.0 1.5 2.0 m d.b.h

This particular stand has the largest accumulation of down wood recorded
for a stand thus far in the Pacific Northwest: a hectar plot contained
418 tons of logs/ha that covered 23% of the plot ares {(Franklin et al.,
1981).
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THE REGENERATION OF COASTAL REDWOOD
A.J. Mulder and G.J.M. de Waart

Department of Silviculture, Agriculturat University, Wageningen, The Netherlands

Aim and method

To analyse the structure and regeneration of coastal redwood (Sequoia
sempervirens) in Northern California an architectural study was made.
The study was made by constructing and interpreting vertical diagrams
and maps of virgin old growth redwood stands on different sites, and by
studying literature.

Results

Redwood has basically three regeneration strategies:

- by seed. Best seedling establishment is on mineral soil.

- by sprouts from buds at the base of the stem ("burl"). These buds are
activated when a tree is damaged or deteriorating. The sprouts are
reiterations.

- by crown-reiterstions, to replace part of a damaged tree-crown.

The following disturbances belong to the natural dynamics of redwood
forests and each have their special effect on the regeneration and sur-
vival of redwood.

- wind : uprooting of tree : in the resulting chablis seedlings can

become established;

: breaking of tree : vigorous sprouting or farmation of crown-
reiterations;
- flood : inundation : other species die, bul redwood is tolerant

of inundation;
: deposition of silt: other species die, redwood seedlings can
establish themselves;
- fire : redwood survives because of its thick bark:
: other vegetation and the soil surface are removed, so that
seedlings can establish themselves.
The size of the regeneration units caused by wind are small, only the
size of one or a few trees. Flood and fire cause larger regeneration
units, depending on the intensity of the disturbance.

Conclusions

Becsuse of its three regensration strategies and its vital reaction to
disturbances, redwood is able to regernerate very successfully. Therefore,
although it shcows some characteristies of a pioneer species (e.q. fast
grewth), it is able tc keep a dominant position in the old growth forests.

Unfortunately, the dynamics of redwood forests has recently been dis-
turbed by fire control and a change in flooding regime. This seriously
treatens the natural development of these forests.
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THE DESIGN OF A FOREST SUCEESSION MODEL

1.C. Prentice

Institute of Ecolegical Batany, University of Uppsala, Uppsala, Sweden

Summary

A new general-purpose forest succession model has been developed using
the basic design principles of “gap models" of the JABOWA type but with
various processes differently formulated. In particular, tree growth and
campetition for light are modelled in a more realistic way while rtetaining
previous models' simplicity and low data demands. The model is being used
to simulate the composition and structure of natural forests in Sweden.

Keywords: Gap model, competition, tolerance, self-shading, succession.

Introduction

In 1972, Botkin, Janak and Wallis published an account of JABUWﬁ, a
computer simulation model of forest growth and succession for the
northern hardwoods forests of the northeastern United States. JABGWA
was shown to successfully reconstruct both time~ and elevational trends
in forest composition and diversity from s strictly mechanistic basis
in autogeniec and allogenic processes. Since then, a family of JABCWA-
like models -- kinown collectively as "gap models" —- has been develaped
to simulate forest stand and forest ecosystem dynamics in envirormments
ranging from subarctic-boreal to tropical. Many of these models and their
applications are described by Shugart {1984). Shugart emphasizes that
the processes included in gap models are common to all forests. He points
out that gap models imply a theory of forest dynamics, with antecedents
in the mosaic-dynamic view of plant communities asscciated with A.S.
Watt's concept of "pattern and process”.

This article is a short, preliwminary outline of the principles of a
forest succession medel recently develeped as part of a project to
simulate compositicnal and structural dymamics in natural (primaeval
or old-growth) forests. This new model is a gap model by Shugart's (1984)
definiticn. It is similar to JABOWA and related models in its rationale
and general structure, but differs in various ways, most importantly in
the formulation of tree growth and competition for light. The design of
the model was guided by the criteria of flexibility (to allow changes in
parameters such as extinction coefficients, timestep or patch size, growth
equations, or dimensional reletionships to be made easily without causing
inconsistencies); compatibility (with equations and units standardly used
by plant physiclogists, and with descriptions of forest composition,
structure, biomass and production standsrdly made by foresters and forest
ecologists); and realism in the formulation of processes, where this could
be achieved without drastically increasing complexity, computation demands,
or data requirements. This is strictly a preliminary account: mathematical
and compuiational details are omitted. The model has been paramebrized
only for some north Eurcpean tree species, but it could be adapted to other
forest systems without major charges. It has been implemented as a FORTRAN
77 program.
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General features of the model

Like other gap models, the present model is implicitly a spatial
model. It depends on a discrete-space approximation, by which the forest
stand is modelled as a collection of patches on the crder of 0.1 ha in
area. Resources (light and nutrients) are assumed to be averaged within
patches, but rescurces levels on one patch are independent of rescurce
levels on other patches. Thus interactions ameong individual trees occur
within patches {(irrespective of location) but not between patches.

The state description of the stand is stored in computer memory and
updated at each timestep (normally one or two years). The state descrip-
ticn of each patch consists of an array of trees, each characterized by
three variables: taxonomic identity, diameter at breast height, and
height to the base of the crown. The growth equations are deterministic,
but establishment and mortality are stochastic and therefore the overall
behaviour of the model is stochastic. It is not intended to simulate
the actual state of any cne patch, but rather a frequency distribution
of states among patches.

Establishment occurs on each patch at the beginning of each timestep.
Among the species included, any that can grow under the prevailing
forest-floor conditions will become established. Establishment means the
introduction of new trees with a small diameter at breast height. The
expected number of new saplings established depends on the species.

Establishement of new saplings on a patch is followed by growth of all
trees, and mortality of some trees. Individual tree desth probabilities
are determined from a reverse sigmold function relating the (instantanecus)
death rate to growth increments during the current timestep. The reasoning
behind this function derives frem the reasoning developed by Botkin et al.
(1972) in terms of energy balance; the idea is that there is some threshold
growth rate above which death may happen with low probability through
various catastrophes, and below which death will happen with much higher
probability through the tree's inshility to repair damage. Mortality is
one point in the model where the length of the timestep matters, because
the probability depends on integrated assimilation during one timestep.
Dead trees of species than can sprout are allowed to sprout if they were
in the appropriate size range.

One consequence of the above formulaticn, which is simply a ratjonaliz-
ation of the birth and death routines in all gap maodels, is that the
demographic characteristics of the tree populations are controlled to a
large extent by growth and competition; the number of individuals in a
sapling cohort that will reach the canopy is strongly dependent on how
fast those saplings can grow in height. Another consequence is the models
ability to simulate gap-phase dynamics (the origin of the term "gap
model”). Shade-intolerant species may be prevented from establishing for
long pericds, but may begin establishing again on a patch {and possibly
out-compete shade-tolerant species) as soon as a.large tree dies and lets
sufficient light reach the forest floor.

Compstition and tree growth

Competition for nutrients is handled in the present model in the same,
implieit way as in JABOWA: growth rates of all trees are slowed as total
patch biomass approaches a ceiling. This is a crude approximaticn and
should ideally be replaced by a more explicit fermulation of nutrient
cycling. Models of the interaction between carbon and nitrogen dynamics of
forests are an active research area {(e.g. Agren, 1985; Pastor and Past,
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1985). Pastor and Post have implemented a decomposition-mineralization-
litter production cycle with associated nitrcgen availability response
functions in a JABOWA-type gap model.

The finite patch size in all gap models stands for the horizontal
averaging effects of root zone overlap and side shading {the geometry of
light interception is not explicit in gap models). However, shading and
net assimilation in response to light are modelled more explicitly in the
present model than in previcus gap models. Previous models from JABOWA
onwards have assumed that all of = tree's leaves were concentrated at the
top of a tree, thus exaggerating the asymmetry of light competition. The
present model allows for verticel crown overlap and explicitly models
'self-shading, which becomes a principal factor slowing down the growth of
trees in a closed cangpy {cf. Agren, 1982). This new formulation also
avoids the need to specify the arbitrary maximum diameters required by
previous gap models. In the present model, each tree's net assimilation
is computed by summation in vertical steps from the top of the tree
down to its basal crown height. Net assimilation per unit leaf area of
a given free at any given level depends an the available light, which in
turn is computed as a function of leaf area index above that level
(assuming a suitable growing-season average insolation and a overall
value for the extinction coefficient). Light response curves of net
assimilation are specified by three parameters: a maximum rate, a
compensation point, and a "half-saturation" point. The maximum rate is
absorbed into an overall growth scaling constant, which notionally
includes allocation factors. The other two parameters determine different
species aspects of shade tolerance. The compensation point teogether with
the extinction coefficient determine the greatest lsaf area index that
a forest of a given species can support at a given latitude. The half-
saturation point determines the growth efficiency of a species at low
light intensities above the compensaticn point, relative to that species
‘performance at higher light intensities. The compensation point also
determines which species will establish in the understorey, while
competition among species in the understorey is dependent on several
factors including both these aspects of tolerance.

An interesting consequence of the formulation of growth rates in terms
of asymptotic light response curves and negative exponential light
attenuation through the canopy is that at least during the most pro-
ductive phase of forest growth, the growth efficiency of the entire
canopy of a singel-species stand declines almost linearly with increasing
leaf area index. Intuitively, this is because at high light intensity
where the attenuation curve is steep, the response curves are flatj
the converse applies at low light intensities. This result can be
demonstrated analytically (Agren, 1983) and provides a link and a method
of interconverting parameters between gap models written in terms of
individual tree processes and ecosystem models simulating whole canopy
processes.

The production of stemwood and leaves in gap models is computed at
each timestep using simple equations relating various tree dimensions to
one another. In the present model, tree height is modelled as an
asymptotic function of diameter; leaf area per unit crown depth as an
asymptoticrather than allometric function of basal area (since there is
an upper limit to the crown diameter of an individual tree, however large
its stem}; and stemwood biomass as a factor times basal area times height.
After diameter, height, and leaf area have been incremented for each tree
on a patch, new compensation depths are calculated for each species; then
any leaves which are below this depth are irreversibly dropped. This
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mechanism ensures that leaves that could not support themselves do not
endure, and can cause the bases of the tree crowns -- especially of
intolerant species in dense stands -- to gradually ascend.

Test and uses of the model

“ Leemans and Prentice (1985, and unpublished MS) tested the model’s
ability to simulate growth and competition in a mixed stand of Scots
pine (intelerant) and Norway spruce (tolerant). We were able to recon-
struct the vertical structure as well as the size class distributions
and basal areas of the two species in an old-growth forest, Fiby Urskog
(Leemans, this workshop). We are carrying out sensitivity analysis on
this simple system. More extensive tests in various forest types in
different parts of Sweden are planned, partly in ccllsboration with the
Swedish environmental monitoring program (PMK). The model is intended
to be used as an investigation tool in the study of sucecession and as
a submodel for forest succession in large-scale simulations of the
effects of environmental change.

Acknowledgement: This research was supported by a Swedish Natural
Science Research Council {NFR) grant to the praject "Simulation
modelling of natural forest dynamics". I thank especially Hank Shugart
' and Al Solomon for contributing ideas on gap model design.
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ECOLOGICAL MONITORING OF NATURAL AND SEMI-NATURAL FORESTS

H.G.J.M. Koop

Research Institute for Nature Management, Leersum, The Netherlands

Summary

Jo start a multifunctional information system on forest development,
an integrated method for forest monitoring has been developed.
Data are collected at three different scale levels, i.e. one-tenth
hectare blocks (50 adjacent vegetation plots and profile drawings?,
one~hectare blocks (chartings of tree foots and crowns) and ten-hectare
blocks (vegetation and forest structure mappingsi. To overcome the
limitaticns set by the two-dimensional images of plan and profile
drawings, a three-dimensional computer model has been designed.
Therefore, the coordinates of eight {ixed points characterizing the
tree foot, main stem fork and the extremities of the tree crown in
pasitive and negative direction of the three dimensions are measured.
By making use of the ellipsoid character of most deciduous trees, a
best fitting wrapping can be constructed by connecting the eight points
with quarters of ellipses. With help of the spatial model, profiles can
be plotted automatically. By computing the hemisperical cover for fixed
points at any desired position within the model, shading patterns can
be simulated. A computed aerial view of the forest model can be used
as 8 ground-truth for interpretation of remote sensing images.

Keywords: Forest structure model, hemispherical cover, remote sensing.
Introduction

A multifunctional information system on forest development for
management purposes has been initiated. The system is to be used for
quantitative and qualitative studies on patterns and processes in
forest systems under semi-natural conditions. The methods to be used
should meet the following requirements:

1. detect changes in forest vegetation structure and species compasi-
tion on different scales in space and timej

2. quantify these differences to make them guickly comparable;

3. attain standardization in data collection for a longer time on
many plots;

4. the collected data must demonsirate directly the patterns and pro-
cesses to the manager im the field and they musi provide a datas
base wide enough for modelling at different scale levels.

For objects to be included, preference should be given te forest
areas where human interference has been excluded and that represent the
potential natural vegetation types of The Netherlands as described
by Van der Werf (in prep.). There are now some fifty permanent study
areas in The Netherlands. For reference purposes, vegetation succession
in some West Eturopean natural forests (Poland, Germany, France and
England) is being studied with the same methods.

The project consists of three phases. In the first phase, the elab-
oration of appropriate techniques of data collection in the field
has been completed for the vegetation component. As a basis for the
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inclusion of fauna data in the system a review of the literature has
been carried out (Van der Plaat, 1984). The second phase, i.e., the
organization of data storage and retrieval, is making good progress.
Data processing and interpretation, the third phase, have been started.

Data collection

A brief description of the data base for the vegetation component
already availahle is given below. For the fcrest area to be included
in the system, data are being collected on three scale levels:

1. Dne-tenth hectare strip transects
The tree layer of the fixed transect measuring 10x100 m is charac-
terized in great detail with profile drawings and crown projections.
The herbacecus layer is described for Tifty adjacent ZxZ2 m quadrats
along the centre line of the transect, using a relevé technigue
{fig. 1).

2. One-hectare blocks
To study the interactions between trzes and between the tree layer
and the herbaceous layer, information on a layer area in addition
to the transect data is required. For instance the interception of
diffuse light and changing oblique radiation can only be computed
if data on all trees within a certain radius are incorporated.
A larger area is alsc indispensable for a statistical approach to
the risk distribution of toppling of trees due to their positiaon
in relation to surrounding trees. A zone with at least aone maximum
tree-length around the 10x1C0 m central strip transect in a block
up to 70x140 m is therefore charted in the same way as the tran-
sect plan (fig. 2). Instead of profile sketches for each tree,

100m

10m 70m

ohe tenth ha

one ha block 140 m

Fig. 2. Transect situated in the middle of the one hectare block.

height measurements are being made of the top of the crown, its
largest width, the crown base, and the first living fork. In ad-
dition, 2 detailed vegetation map of this area on a scale 1:200 is
made.

For the strip transect and the hectare blocks, supplementary charac-
teristies of the trees are noted in the field such as species,

tree diameter at breast height, vitality and scundness (using the
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cades of the TUFRO}, growth potential according to Hallé et al.
(1978}, and crown cover of the individual tree.

3. Ten-hectare blocks
To monitor and quantify vegetation-pattern changes at the smallest
scale level, an area of 10 to 40 ha around the one-hectare block
is to be mapped from large scaled aerial photographs (1:1000-1:5000).
The spatial patterns of vegetation composition and vegetation struc-
ture are drawn. The detailed ground-truth information collected in
the strip transects and hectare blocks is used for reference.

The herb-layer analyses (1) will be repeated every two to three
years. Major changes in the structure of the tree layer (1 and Z)
will also be recorded. New profile and plan sketches may be required
on average about every ten years.

Data storage and retrigval

To overcome the limitations set by the two-dimensional images of plan
and profile drawings, a three-dimensional forest model has been developed.
For computerized data processing all trees are described by coordinates
for eight points characterizing tree foot, fork, top and bottom of the
tree crown and the four extremities of the crown circumference in posi-
‘tive and negative x- and y-direction. The mentioned coordinates are
partly derived from height measurements and further digitized from the
hand-drawn plan. The indirect way proved to be better than direct field
measurements of coordinates. The hand-drawn plan is the first control
in precluding mistakes.

By making use of the ellipsoid character of most deciduous trees a
best fitting wrapping can be constructed by connecting the four perifery
points of the crown circumference with quarters of ellipses. So the
top and the crown base are connected with the perifery points (fig.3).

T

-’

Fig., 3. Tree model consisting of quarters of ellipses on straight
lines characterized by eight points: treefoot (B), fork (F), top (T),
and bottom {C) of the tree crown and the four extremities of the crown
circumference in positive and negative x~ and y-direction (P).

In this way a model is constructed consisting of more or less asym-
metric rugby palls on straight stems. Coniferous Lrees with a parabolic
or cone like shaps are described in the same way, only the perifery
points are connected to the top with parabolas or straight lines.

At every height level, the circumscription of the crown is determined
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by an other combination of quarters of ellipses that connect the four
ellipsoid, parabolic or straight ribs between top or bottom of the
crown and the four perifery points.

Data processing and interpretation

Plans and profiles at any place in the one-hectare blocks can be
plotted by the computer. Integrated quantitative parameters have
been developed and pilot studies are in progress to find relations
between the various directly measured or derived parameter values,
far example between crown surface and diameter at breast height.

Work has begun on the design and testing of simulation models for
prediction. For example, the model can be used to find correlation
between species compositicn, occurrence and growth of young trees

on the one hand and shading patterns determined by the forest structure
on the other. The three-dimensional forest model allows computation

of the hemispherical cover for fixed points as an indication of the
intercepticn of diffuse light and changing oblique radistion, A cumu-
lative coverage value is computed from all tree crowns of the model

that cover a certain angle of the hemisphere. To cbtain radiatiaon

values the product can be processed in the same way as a fisheye or
hemispherical photograph (Ducrey, 1975). These fisheye computations

for radiation indication are made for the 50 adjacent relevées at the
center of the strip transect or in a grid in the plan or profile to

get an impression of horizontal and vertical light gradients. The

faorest model can be used as a ground-truth to verify charting of

tree species and interpretation of vitality and structural characteris-
tics from remote sensing images. An aerial view can be reconstructed
from the data collected in the one-hectare blocks or the transects.

In a grid for each pixel the height of the upper crown surface is
computed and additional characteristics of the individual tree are stored.
Far the undulating crown surface a shading pattern can be simulated.
Orientation and pixel size of the reconstructed aerial view can be chosen
equally to that of a digital remote sensing image that covers the plot.
The overlapping pixels of the remote sensing image and the reconstructed
aerial view can be used for interpretation of pixels beyond the plot.
The three-dimensional mecdel contains information for detailed fauna
habitat studies. Ornithologists can use the model for calculating rele-
vant structural characteristics for breeding-bird populations. Further-
more the light climate simulation can be used to study the distribution
patterns of animals, because radiation is closely related to other micro-
climatologic characteristics.

The model contains the information needed for simulation of forest
dynamics, with the help of gap models of the JABOWA type. However, we
tiope that this information system will provide more sophisticated simu-
lation models to be developed with detailed data on long-term forest
dynamics for verification.
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METHODS FOR DOCUMENTING SUCCESSION IN FORESTS AS DEVELOPED AND APPLIED IN NATURAL FOREST
RESERVES IN SOUTH-WEST GERMANY

W. Biicking, W. Katzler, E. Lange, W. Reinhardt, H. Weishaar

Forest Research Institute Baden-Wilrttemberg, Freiburg i. Br., Federal Republic of Germany

Older methads

Since 1938 the vegetation successicn has been monitored in the
"lintereck" natural forest reserve (Bannwald) in the Swabian Jura in
the West German state of Baden-Wiirttemberg (Biicking, this volume).
The methods used are semiquantitative, combining vegetation mapping
of small sample areas, plant association relevés after Braun-Blanquet,
and maps of tree positicn; the fieldwork was not arduous.

forstliche Grundaufnahme

Actual "Forest Survey" in the natural forest reserve {Forstliche
Grundaufnahme; Kidtzler et al. 1984; Biicking & Reinhardt, 1985) is
preceded - as far as topographic conditiong allow - by a survey of
the reserve during which a ane-hectare grid is measured and permanently
marked out by boundary stones (fig. 1). The grid supplies an adequate
orientation basis for the scientific research being done in the forest
raserves, especially for mapping plant communities (Wilmanns, 1977}
flora or fauna. Forest records are made in circular plots (radius
normally 20 m) or on larger rectangular sample areas (up to one ha):
the position of all standing trees, diameter breast height {minimum
4 cm), tree height (circular areas), lying dead trees and further
criteria according to IUFRQ classification for virgin forest research
(Leibundgut, 1959) are recorded. Field data are computerized and
the results are plotted and printed (figs. 2, 4; table 1). The circular
plots normally lie on the grid intersections, but their position
may be shifted in order to ensure sufficient representation of all
stand or vegetation and site types and a detailed survey of about 5 - 10%
of the reservation area {fig. 4). In each circular plot two smail
circles (radius 2 m; fig. 5) are designated for counting the regeneration
of woody species (seedlings; older trees up to 10 em, 11 - 50 cm,

51 - 100 emy, 1 m - 1,5 m, taller than 1,5 m; recorded areas amounting
to 1 -20%). The plotter can process both site and vegetation charac-
teristics (fig., 6). The actual aspect of each circular plot is shown
by means aof 360° photography: about 16 photographs are taken from the
exact centre of the plot, beginning in the north and proceeding clockwise
and overlapping {normal lens pictures, f = 50 mm). The mast import-
ant vegetaticn and stand types are drawn by computer in stand profile
transects directly from the field data {crown projections (greatest
breadth of crown), projection of crown top, height of tree, diameter
breast height, position of trees, slope of site}. Trees are modelled
by means of 4 guarters of ellipses {broadleaved trees, pine, white fir;
fig. 8, from Weishaar) or triangular forms {spruce; fig. 9).
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Bannwald Steinhidusle

0 Tom
o stons of reserve grid
« boundary stone
= PSLm’rnnda
0O permenent plotz A, B, C

Fig. 1. Survey of a forest reserve. 1 ha grid, numbers of ha squaers.
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Fig. 2. Locations of circular plots, larger rectangular sample area
and stand profile transect within a forest reserve, showing the relation
betwsen area studied and total area.

266




BANNWALD UNTERECK

circular plot Ko.3

radius :20.00mé © Spruce w Norwaymaple
area .0.126ha ¢ whitefir ¢ lime
W alm
fall data relatedto 1 hal b S e
bassl area ; 26.9 m{dead trees included) ¢ ash & whitebeam
number of stems 11019 {n L w}) & sycamors : :"WEI"
aze
baselarea :32.2 m2 {without dead trees) )
number of stems ~ : 812 {» " " ¥ standing dead trees
LI BN 2 0 A
lying traes : 39 (altogether)
lying trees : 38 [dead) o] Bm 10m 165m 20m

L N N I
date of survey :18.05,1983
surveyad by : Reinhardt/Gross/Deichner

{orginal scale 1:250
diameters 1:125)

Fig. 3. Plotter drawing of circular plot No. 3 from "Untereck" natural
forest reserve.
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Table 1. Computed data from circular plot No. 3 from "Untereck" forest
reserve. Iree species: Bu beech, BAh sycamore, Es common ash, Fi spruce,
Ta white fir, Ul mountain elm.

PROBEKRELIS NR. 3

Cbarschicht:
Baum  STAMMZRHL pro ha
art tnsgesamt duerre
Stek (X} Stek (X}
Bu ] 2 o o
BRh 56 17 a8 14
ES 223 87 o 0
Fi 24 7 o .0
Ta 24 7 B 33
sa. 334 100 16 5

Mittalschicht:

Baum
art

Bu
BRh
UL
ES
Fi
Ta

Sa.

STAMMZAHL pro ha
insgesamt duerr
Stck (¥) Stok (X)

24 ] o [v]
24 a 24 100

8 3 Q 0
103 37 18 1S
16 8 Q 0

Untarschichti

Baum  STAMMZAHL pro ha
art insgesamt duarr
Stck (#) Stek (®)
BAh ] 2 Q 0
uL 8 2 o 0
ES 80 20 g o
Fi 18 4 o 0
Ta 294 73 111 38
Sa. 406 100 111 27
SUMME
Baum STAMMZAHL pro ha
art insgesamt duerr
Stck (#) Stck (7D
Bu 32 3 o 0
BAh 89 9 32 38
V[ 18 2 o o
ES 408 40 18 4
Fi 1 - 0 0
Ta 422 41 189 38
Sa. 1019 100 207 20

GRUMOFLAECHE pro na

Insgosam: gruen dusrr
gqm (X2 qm (¥} qm (X2
1.8 9 1.6 100 0.0 0
5.0 28 +.8 98 0.2 4
5.5 48 8.5 100 0.0 O
1.7 9 1.7 100 0.0 0O
1.9 10 1.4 73 0.5 27
19.8 100 19.0 96 0.9 4
GRUNDFLARECHE pro ha
inagesamt grusn duerr
qm (%) gm (%) qm  €X4)
0.1 2 0.17100 0.0 O
0.9 11 0.0 0 0.3 100
0.1 1 0.1t 100 0.0 ©
1.8 47 1.3 66 0.7 34
0.4 5 0.4 100 0.0 O
1.2 23 0.8 B4 0.4 38
4,1 100 2.8 B2 1,6 38
GRUNDFLAECHE pro ha
tnsgesamt gruen duerr
qm (%) qm  (X) qm (%)
0.0 1 0.0 160 0,0 0
0.0 0 0.01400 0.0 Q
1.1+ 31 1.1 160 0.0 @
0.0 1 0.0 100 0.0 0O
2.4 67 0.8 3% 1.8 85
3.8 100 2.0 57 1,95 43
GRUNMDFLAECHE pro ha
insgesamt gruen duearr
gm (%) qm (%) gm (%)
1.7 8 1.7 100 0.0 0O
5.6 20 4.3 87 0.7 13
0.1 0 0.1 100 0.0 O
12,5 48 11.3 85 0.7 3
2.1 8 2,1 100 0,0 0O
3.5 20 3.0 55 2.5 43
2?7.5 100 23.5 @6 3.8 14

BHD(Grdf 1)
grusn dusrr
cm cm
51.0 0.0
35.8 19,0
23.3 0.0
30.0 0.9
33.5 29.0
27.6 24.3

gruen duerr
em cm
£.8 0.0
0.0 15.9
9.0 0.0
13.8 22.8
17.8 0.0
12.4 11.9
12.8 15.8
BHD(Grdf 1)
gruan duerr
om cm
8.0 0.0
5.0 Q.0
13.3 0.¢
4,0 0.0
7.8 12.2
8.4  13.2

BHD(Gr-df 13
gruen duerr
em em

Hashe
arith

Hoehs
arith

Hashe
arith
m

8.0
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Fig. 4. Stand height curve of spruce (Picea abies) from the "Waldmoor-

Torfstich” Black Farest reserve.
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Fig. 5. Circular plot (r= 20 m), position of circular regeneration
plots (r= 2 m) within the larger circular area.
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(A

Taubergiessen Streitkopf”
Probskrais Nr~. G

depression ¢ silver poplar 0 oak
®  biack poplar e hazel
-_'] slope o hybrid poplar o whitethorn
a ash & cornelian
Carex acutiformis ¢ sycamore
' a4 comman alder
' "'. Solidago gigantea facies v grey alder
i 4 field elm
; I, > gean
¢ Carex alba
i x dead standing tree
i
b date of survey: 4.10.1983/june 1984 .
lt syrveyed by : Rginhardt;Jacob;Lange |Original scale 1:250, diameters 1:125)
i bttt A
i ] Bm 10m 16m 20m

s Fig. 6. Circular plot from "Taubergiessen" natural foresi reserve,

a Querco-Uimetum stand in the ancient Rhine valley, in earlier times
l regularly inundated, showing position of trees according to figure
]; 2, limites of vegetation and surface morphology (depression, slope).
b 1 Carex acutiformis, 1I Solidago gigantea facies, 11I dominant shrub
a layer, IV Carex alba facies, V Zone of transition (slight slope).
]
!
|
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Fig. 7. Stand profile transect and crown projection from "Untereck"
natural forest reserve. Above: stand profile; middle: numbers of
trees; below: position of trees, Trees are indicated by their diameter
breast height; in the lowest diagram: crown projection ---- upper
story, - ~ - - middle story (>1/3 - <2/3 of stand height), .... lower
story (<1/3 of stand height}.
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Model of broadleaved tree crown ~ tree height .
0
w
n
T4 E)
6
wz |n1 greatest tree breadth E
— ; +
beginning of crown L

. X=maK spil

nrodection of tree top

grown projection

Fig. 8. Model of broadleaved tree crown. Broadleaved tree crown is
mocelled by means of 4 quarters of ellipses (El EZ’ , E ). and E
are centred in M,, Ez-and E3 in M,. Line of greatest cTaown breaéth is
fixed at one-quarter of the crown length. The lowest green branch of
crown diameter is represented as the greatest crown width to the

East (x-max)} and to the West (x-minj; inclination of stem is derived
from the projection of the tree top (x-top) and the tree position

on the ground. White fir crowns are modelled in the same way, but

with line of greatest crown breadth at 3/4 of crown length.

4

Mode! for spruce crowns

2f3 of crown length’

i.:'.

1
'3 of crown length

o= —=—beginning of crown

pinmeter of crown

crown projection

geveloped by WReinhardt

Fig. 9. Model of spruce crowns. Spruce crown is modelled by & over-
lapping triangles, corresponding to: the area from the tree top to

the beginning of the crown; and from tree top to 1/3 and to 2/3 of
crown height, respectively (black lines and hatched lines}. In order
to give a more realistic impression of spruce crown, the basal crown
perimeter dips by 0.5 m, imitating the hanging down of spruce branches,
and at 1/3 and 2/3 of crown small triangles, whose form is model-

led from another set of triangles {dotted lines)} are remaved. All
peripheral triangular points together form crown outline, which is
finally filled in by the typieal for spruce.
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The method described will be applied to all 43 protected areas, which
cover about 1650 ha; to date 17 reserves {about 90C ha) are already
being studied or worked at. Surveys will be repeated every 10 to 2D
years in order to ensure the continuity of succession research.

Acknowledgement: Some research presented here was financially supported
by the German Research Community {DFG).
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SIMULATION OF GRCWTH IN EVEN-AGED STAND OF DOUGLAS FIR

G.M.J. Mohren

Department of Theorsticat Production Ecology and Department of Silviculture, Agricultural University,
Wageningen, The Netherlands

Aim

Study of the influence of climate, hydrology, and species characteristics
on forest stand growth, using a deterministic simulation model. Estimation
of nitrogen and phosphcrus demands of a forest stand in different produc-
tion situations.

Mathod

- Simulation af canopy photosynthesis as determined by weather (temperature),
radiation and ambient (COZ concentration), photosynthetic performance of
the needles, and canopy structure (which determines interception of
photosynthetic active radiation), using a simplified multilayer canopy
model.

- Simulation of water availability in the root zope by keeping track of
soil moisture. Transpiration is calculated using the Penman combination
equation, with the cenopy resistance determined by either canopy photo-
synthesis or by needle water potential. The effect that results in the
highest canopy resistance determines the value for the resistance used
in the transpiration model. Roct uptake is determined by transpiration
and available moisture in the root zone. If scil moisture approaches the
wilting point, needle water potential drops, stomata close, and trans-
piration decreases. Stomatal closure induced by water shortage limits
C0; uptake and decreases total canopy photosynthesis. Soil moisture is
replenished by net precipitaticn reaching the forest floor, after canopy
interception is accounted for. Canopy interception is calculated from
storage capacity {(determined by needle- and branch area index) and the
magnitude and number of rainfall events.

- Estimation of net increment from gross canopy photosynthesis by taking
into account maintenance and growth respiration, Maintenance respiration
depends on the composition of the 1iving tissue (notable protein content),
growth respiration is related to the conversion of assimilates to struc-
tural dry matter and depends on the biomass formed. Net increment is
distributed over needles, branches, stems and roots.

- Conversion of stem dry weight increment to volume increment, and dis-
tributicn of volume incremsnt over the individual trees, according to
their competitive status in the stand.

- Estimation of nitrogemn and phosphorus demand based on minimum and
maximum tissue concentraticns and by taking intc account internal re-
cycling,

Evaluation of the model performance is done by comparing simulation
results with measurement series from permanent field plots.
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For simulation of stand growth over a large period (50 - 100 yrs.), a
thirning routing is applied which changes stand structure by removing a
pre-set number of trees. Weather variables consist of daily values feor
temperature, radiation, vapour pressure, windspeed and precipitation. In
case of long term simulations, daily input values are generated from

monthly means.

Mohren, G.M.J., C.P. van Gerwen, C.J.T. Spitters, 1984, Simulation of
primary production in even-aged stands of Douglas fir. Forest Ecology
and Management, 9: 27-49.
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Appendix 1

PROPOSED DEFINITIONS FOR SOME TERMS IN FOREST DYNAMICS RESEARCH

Forest dynamics

Any change in time in vegetation (mainly in structure and in floristic
composition), fauna, mycetes and/or soil in s forest stand. {All steady
state processes are therefore excludsd).

For theoretical and practical purpoeses, forest dynamics can be divided
into four phenomena, which all take place simulianeously and at all
spatial levels, but at different rates in time:

1. Periodicity
2. Fluctuations
3. Succession
4, Evolution

1, Periodicity
rd
Regular, reversible quantitative changes, not affecting species com-
position, caused by the diurnal and annual rhythm of the weather, e.qg.
nocturnal flowering and folding of leaves, diurnal vertical migration
of animals, seasonal aspects of tree and herb layer and of fungal
synusiae.

2. Fluctuations

Irrequiar {stochastic), reversible, quantitative changes in the forest
vegetation, fauna and soil e.g. shifts in dominance in the shrub, herb
or moss layers owing to severe winters, very dry summers, spring flooding,
insect plagues and diseases.

3. Succession

Directional changes in species composition of vegetation, mycetes and
fauna can occur because of changes in environment (including elimate and
human factors). This is called allogenic (exodynamic, exogenecus)} suc-
cesgion, Oirectional changss can alsc occur because of internal vegeta-
tion processes. This is called autogenic (endodynamic,endogenenus)
succession.

Note: in every succession internal processes play a role, so there are no
purely allegenic successions,only mixed and autogenic ones. The distipction
between progressive, retrogressive (retrograde) and discessive succession is
very important. The first leads to more complex, more stable communities
with greather biomass, the retrograde successions have the opposite trend,
and the discessive are neither progressive nor retrograde.

Successions may also be divided into primary and secondary, reversible
and irreversible, linear and cyclic, natural and anthropcgenic succession,
or into "short-term" and secular successions. The latter are caused by
geological processes, such as changes in macroclimate, or {ransgressions
and regressions of the sea. Not to be confused with:
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4. Evolution

A forest community evolves through the evolution or co-evolution of its
component. species and to other historical processes such as the immigra-
tion or extinction of species.

The time scaele of periodicity is from one day to one year, that of
fluctuations is from several years to decades, that of "short~term"
successions is from decades to centuries, that of secular sucrcessions
is from thousands to ten thousands of years, and that of evolution is
millions of years.

The working group on Forest Dynamics proposes to concentrate on the
middle part cof the time secale i.e. on fluctuations and short-term
successions.
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Appendix 2

The workshop proposed to reprint the standard symbols used in
forest mensuration to avoid possible confusions in mathematical

modelling of forest succession,

On the next pages, the relevant letter of the IUFRD secretariat
is reprinted, followed by the complete reprint ef "The standardization
of symhbols in forest mensuration” published by IUFRO in 1959.

For more details in using statistical symbols see:

150 Standards Handbook 3(1981) - Statistical Methods, Znd ed. Int.
Organization for Standardization, Geneve. ISBN 92 67 10054-8.
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UNION INTERNATIONALE DES INSTITUTS INTERNATIONALER VERBAND FORSTLICHER
DE RECHERCHES FORESTIERES FORSCHUNGSANSTALTEN

IUERO
Sekretarigr
INTERNATIONAL UNION OF FORESTRY RESFARCH ORGANIZATIONS

Dr. J. Panta

Research Institute for Forestry

and Landscape Planning "DeDorschkamp”
P.O. Box 23

NL-6700 AA Wageningen

Netherlands

Vienna/Vienne/Wien, February 27, 1986

Dear Dr. Panta,

Referring to your letter of February 5, 1986, I am pleased
to inform you that this letter is the permissien to
reprint mathematical and statistical symbols officially
used by IUFRO in our publication 1959, This permission

is exclusively for the proceedings of your workshop,
September 1985 and connected with the request that

the source (our publication From 1959} is menticned

in the proceedings.

There is no other IUFRO publication is this field.

Y s sincerely,
v

Otmar]Bein
i

A-1131 Wien-Schonbrunn, Austria, Telefon +43—3222-8201 51 . Telex 122981 awex A (atr, ufro}
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INTERNATIONAL UNION OF FOREST RESEARCH ORGANIZATIONS

UNON INTERNATIONALE DES INSTITUTS DE RECHERCHES
FORESTIERES

INTERNATIONALER VERBAND FORSTLICHER FORSCHUNGS-
ANSTALTEN

The standardization of symbols in forest mensuration

Die Normung holzmesskundlicher Symbole

La Normalisation des Symboles dans les mesures forestiéres

1959
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FOREWORD

The recommendations on the standardization of symbols in forest mensuration,
which are given in this report, have been made by a small working group in
Section 2% of the International Union of Fotest Research Organizations which
was appointed at the Congress of the Union held in Rome in 1953. Members of
the group were asked to enquire into the possibility of standardizing the use of
symbols (and the systems of measurement) in forest mensuration and to make
recomirendations. This they have now done and their report is being issued for
the close consideration of Member Institutes and others interested in the subject.

The Union is indebted to the Section Leaders, Professor Dr. Y. llvessalo and
his successor Professor Dr, Fehim Firat, for the encouragement they have given
and particularly to the members of the working group, Ir. J. van Soest (Chair-
man), Monsieur P. Ayral, Professor Dr. R. Schober and Dr. F. C. Hummel
(Sectetary), for the efforts they have made to bring their study to a successful

conclusion.
r

J. Macdonald, President.
H. van Vloten, Vice President.

A limited number of copiss are available for sale to Non-Members of the
Union at a price of two shillings per copy. Applications for them should be made
to the President, International Union of Forest Research Organizations, .c/o
Forestty Commission, 25, Savile Row, London, W.1.
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PREFACE

Les recommandations sur la normalisation des symboles dans les mesures
forestidres, qui soni données dans te rapport, om é1é faites par an pelit groupe
de travail de la Section 25 de PUnion Internationale des Instisats de Rechercher
Forestitres, consiitué lovs du Congrés de PUnion tenu d Rome en 1953. On avai
demandé aux Membres du Groupe d'examiner a possibilivé de normaliser Pusage
des symboles (ot des sysiémes de mestive) dans les mensurations fovestitres et de
faive des vecommandations. Lenr travail est maintenant terminé ei lesr rappor
eit publié powr qu’il puisse étre pris en considérasion par les Instituts-Membres
et par les antres personnes qui s'iniéressent & ce sujet. L'Union tient & vemercier
les Président de Seciion, M. l¢ Prof. Dr. Y. Hvestalo et som successenr M. le
Prof. Dr, Febim Firat, pour Pencouragement qu'ils ont donnd, ef towt spéciale-
ment les Membres dn Groupe de Travail, M. Illngénienr |. van Soest (Presi-
dent), M. ls Conservatenr P. Ayral, M. le Prof. Dr. R. Schober ¢t M. le Dr.
F. C. Hummel (Secrétaire), pour les efforts qu'ils oni fait pour mener ;i bien
lewr étude,

I. Macdonald, Président
H. van Vioten, Vice-Président

Un nombre limité de copies peuvent éire vevdnes anx non-Membres de PUnion
au prix de deux shillings par exemplaire. Demande @ adresser an Prévident de
PUnion  Internationale des Instituts de Recherches Forestidres, ¢fo Fovestry
Commission, 23, Savile Row, London, W.1.




VORWORT

Die Vorschlige fiix die Normung holzmesskundlicher Symbole, welche in
dieser Empfehlung gemacht werden, sind von einer kleinen Arbeitsgruppe der
Sektion 29 des Internationalen Verbandes forstlicher Forschungsanstalten zusam-
mengestellt worden. Die Arbeitsgruppe wurde wihrend des LU.ER.O. Kon-
gresses in Rom im Jahre 1953 gebildet. Die Arbeitsgruppe wurde gebeten, die
Mijglichkeit der Normung der Symbole und der Methoden der Holzvermessung
zu untersuchen und Vorschlige dazu wu machen, Die Ausarbeitung solcher
Vorschliige ist jetzt abgeschlossen und wird in Form eines Berichtes mitgeteilt.
Dieser Bericht wird zur Anwendung durch die Mitgliederinstitute und andere
hietan interessierte Forscher empfohlen.

Der Verband ist dem Sektionsvorstand, Herrn Professor Dr. Ilvessalo und
seinem Nachfolger Herrn Professor Dp. Fehim Firat zyz Dank wverpflichtet fiir
die Anregungen, die si¢ gegeben haben und insbesondere zuch den Mitgliedern
der Arbeitsgruppe, Herrn I J. van Soest (Vorsitzender), Herrn P. Ayral, Herrn
Professor Dr. R. Schober und Herrn Dr, F. C. Hummel {Sekretiir) fiir ihre
Miihe, ihre Beratungen und Entwiirfe erfolgreich zum Abschluss zu bringen,

J Macdenald, Président
H. van Vloten, Vize-Priisident

Eine begrenzte Zahl Exemplare sind zu erwerben durch die Nichtmitglieder
des Verbandes zum Preise von zwei brit. Schilling pro Exemplar. Anmeldungen
hierzu erbeten an den Prisidenten des Internationalen Verbandes forstlicher
Forschungsanstaiten, ¢/o Fbrestry Commission, 23, Savile Row, London, W.1.
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RECOMMENDATIONS ON THE STANDARDIZATION OF
SYMBOLS IN FOREST MENSURATION

Prepared by
J. VAN SOEST, P. AYRAL, R, SCHOBER and F. C. HUMMEL

INTRODUCTION

The present proposals relate to the standardization of symbols, and were agreed
at a meeting of the working group at Wageningen on October 26 and 27, 1954.
These proposals were then circulated to all members of LU.F.R.Q. and not only
te members of Section 25 who are most immediately concerned with forest
mensuration, because mensurational symbols frequently occcur in other fotrest
literature as well. The proposals were submitted for discussion and approval at
the LU.ER.O. congress at Oxford in July, 1956, and, after a few minor modifi-
cations, were accepted at a meeting of Section 25.

The working party considered that the main object of standardizing symbols
is to make it as easy as possible for readers to understand what an author has to
say, particularly when a paper is published in a language foreign to the reader.

GENERAL CONSIDERATIONS
In making these recommendations on the standardization of symbols, several
conflicting interests had to be considered and reconciled, of which the most
important ones were:
1. symbols should be easy to remember; they must be simple and there must
not be too many;
2. they should be easy to zeproduce on a typewriter and in print;
3. they should not conflict with mathematical or other symbols commonly
found in forest literature;
4. symbols which have already become well-established internationally should
not be altered if possible;
5. symbols should have ptrecise meanings.

This last point is particularly difficult to reconcile with the others, and especial-
ly with the need to keep syrabols simple and to restrict their pumber. The working
group considered that the most satisfactory solution is to distinguish between
three types of symhols and to prepare a sepatate list for each, Le.

L. a list of general forestry symbols in which very simple symbols are used, the
precise definition of which in a particular context is left to the aunthor to
explain (preferably in a separate appendix, see recommendation number 4).
'The use of these general symbols is adequate in publications where a particu-
lar symbol, e.g. f for form factor, is used in exactly the same sense through-
out, 2ll form factors being based on the same methods of measurement and
having been calculated in the same way;

2, a second list, offering suggestions on how the symbels given in the general
list can be expanded, if necessaty, e.g. when several types of form factor
are being compared in 2 paper;
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3. a third list giving mathematical and statistical symbols which are already
used internationally among mathematicians and are commonly needed in
forest literature, This list has been prepared by Mr. J. N. R. Jeffess of the
British Forestry Commission. The working group wishes to acknowledge
its indebtedness to Mr. Jeffers for his important contribution to the work.

A slight overlap between lists 1 and 3 could only have been avoided by

changing symbols, which have become well-established internationally. In cases
where the risk of confusion was considered small, the continued use of one symbol
for two purposes was considered preferable to a change; for example, f is given
as form factor in the first list atid as frequency in the third,

GENERAL RECOMMENDATIONS

In using symbols the authos should consider it his main object to make i as
eary a5 possible for his readers lo wndersiand what he har to say. The recom-
mendations which follow are intended to assist authors to achieve this object.

There may, however, be exceptional cases where the strict observance of these
recommendations would be a bindrance rather than an aid to the achicvement of
this object; and in these cases a departure from the recommendations is not only
justified, but even desirvable,

SPECIFIC RECOMMANDATIGNS

1. The general mensurational symbols given in appendix 1, should be used as
far as possible.

2. When an elzboration of the symbols given in appendix 1 becomes necessary,
this should be done in one of two ways;

(a) either the symbols listed in appendix 2 should be used, for example
1g21.40te denote the total diameter increment of a tree between the ages
of 21 and 40 years

or

(b) primes or sumerical subscripts may be added to the symbols given in
appendix 1, in the above example i' or iy instead of iy 5 40, The more
complicated but more descriptive symbols of alternative (a) will be
preferable when the number of symbols is large, but each symbel occurs
infrequently, while the use of primes and numerical subscripts (alter-
native (b)) is preferable when the number of symbols is small but each
recuts many times. Elaborate symbols are 2 particular disadvantage in
complicated mathematical formulae.

3. In mathematical and statistical calculations, the symbois given in appendix
3 should be used, in conjunction with, or instead of, the symbols given in
appendices 1 and 2.

L4

4. All publications in which more than a small number of symbols occur,
should have a list of symbals giving precise definitions in a separate appen-
dix, apart from any explanations that may be given in the text. In some
instances the definition should also include a clear statement of how the



factor tepresented by a symbol was arrived at, e.g., in the case of a form
factor it is necessary to state not only whether it is & natural or an artificial
form factor, but also whether the volume from which it is calculated is over
bark or under bark, whether the volume was measured to a specified diameter
limit or not, whether it is stem-wood alone or whether branch-wood is
included, and finally whether or not the volume was measured by sections.

RECOMMANDATION SUR LA NORMALISATION
DES SYMBOLES DANS LES MESURES FORESTIERES
préparé par
J. VAN SOEST, P. AYRAL, R. SCHOBER et F, C. HUMMEL

INTRODUCTION,

Les présentes propositions sont relatives & la nosmatisution des symboles et ré-
sultent d'un accord réalisé entre les membres du groupe de travail lovs d'une
réunion & Wageningen les 26 et 27 octobre 1954, Ensuite, ces propositions ont
été envoybes & tons les membres de VI.UF.R.O. et non pas senlement aux mem-
bres de la Section 25, qui wutilisent le plus les mensurations dans les recharches
Jorestiéres, car des symboles de mesures se trouvent fréquemment employés dans
toute la littérature forestiére. Les propositions ont é1é ensuite sommises pour dis-
cussion et approbation au dernier congrés de PLU.F.R.O. 4 Oxford en jaillet 1956,
ef, avec quelques changements secondaires, ont été adopides lovs d'une réunion
de la Section 25.

Le groupe de travail estime que Uokjer principal de cette snormalisation est de
Jacititer la comprébension des autents par les lecients ef tout spécialement guand
une oenvee est publide dans une langne étrangére an lectens,

CONSIDERATIONS GENERALES.

La préparation de ces propositions pour la normalisation des symboles a fait
apparaitre qu'il Stait nécessaive de considérer et de concilier différents principes
plus ox moins contradictoives, dont les plus importants sont :

1. Les symboles doivent Eive faciles i vetenir, cest-d-dive quils doivent éive

simples et qu'il ne doivent pas Bire irop nombreux.

2. Iis doivent éive faciles & veproduire par nne machine A éevive ot 4 imprimer.

3. Ils ne dofvemt pas étve en contradiction avec des symboles mathématiqnes

ou aver dantves symboles, conramment employés en listérature forestiéve.

4. Les symboles gui omt déja. un caractére iniernational ne doivent pas éive

changds, quand celd est possible.

5. Les symboles dofvent avoir des significations précises.
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Ce dernier point est particuliévement difficile & concilier avec les autres et spé-
cialement avec la nécessité d'adopter des symboler simples et pen nombreux, Le
groupe de travail a émis Fopinion que la solution la plus satisfaitante étail de
distinguer trois types de symboler et de prépaver une liste pour chacun, & savoir :

1. Une liste de symboles forestiers géuéraux, dans lagquelle des symboles tvés
simples sont employés et domt la signification exacte dans une communica-
tion particulitre doit &tre expliquée par Vautewr (de préférence dans un
appendice, voir recommandation numiéro 4). L'tisage de ces symboles gé-
néraux est tout indigné dans des communications of un symbole particulier,
par exemple  pour coefficient de forme, est employé comtinueliement dans
le méme sens, parce gue tous les coefficients de forme sont basés sur les
mémes méthodes de mesurage et calewlés de la méme maniére.

2. Une deuxiéme liste, proposant une méthode ponr préciser les symboles don-
nés dans la liste générale, quand cela est nécessdive, par exemple quand
des types diffévents de coefficients de forme sont comparés dans une com-
mARICAIon,

3. Une troisidme liste de symboles mathématiques et stavistiques qui sont déja
d'un emploi international chez les mathématiciens et qui sont wtilisés con-
vamment dans la ittératare forestidre. Celte liste a 816 préparée par M., [.
N. R. Jeffers de la Britisé Foresiry Commission, Le groupe de travail iient
& vemercier M, Jeffers pour son importanie coniribution a ce teavail.

Un certain chevanchement enire les lisies 1 et 3 ne pourrait bive Svité qu'ew
changeant des symboles, qui ont déja wn wsage international, Dans des cas o le
visque d'ervenr a &ié considéré comme minime, on a préféré continuer & employer
un méme symbole pour dewx objets plutdt que de changer de symbole par
exemple | a é1é adopié comme cocfficient de forme dans la premiére liste, of
comme fréquence dans la troisiéme.

RECOMMANDATIONS GENERALES,

En wuitilisant les symboles, 'auteur a pour but principal d’essayer de rendre
aussi facile que possible & ses lecteurs [a compréhension de ce qu'il veut dire,
Les trecommandaiions iuivanies doiveni aider ler autenrs & atteindre cet objet,

Cependant, il y a pesi-Gire des cas exceptionnels ol I'observation stricte de ces
recommandations serait plus une géne qu'une aide pour arziver 4 cet objet; et
dans ces cas une medification des propositions n'est pas seulement justifiée, mais
elle est méme désirable.

RECOMMANDATIONS PARTICULIERES,
1. Les symboles généranx donnds dans Pannexe 1 doivent éive ntilisés autant
qu'il est possible.
2. Quand une précision des symboles cités dans Vannexe 1 sera nécessaire, elle
devra ére apporiée d'une des dewx manidres swivhntes :
(2) ou bien les symboles indiquss dans Fannexe 2 doivent étre employés,
par exemple  ya. 4o powr indiguer Daccyoissement total du diamérve
d'yn arbre entre les dges de 21 et 40 ans.




(b) on bien der accemts ou des indices petivent btre ajoutbs aux symboles
donnér dans Pannexe 1; dans Pexemple cité ci-dessns on écvivait ¥
ouiy. @i lien de  igargp  Ler symboles plus compliqués mais plus
partamts de la solution (a) seront préférables quand le nombre
de symboles wiilisé est grand, mais chague symbole étant employé pew
souvent. Au comiraive, Vusage des accents ot indices de la solution (b)
esi préférable quand le nombre der symboles esi petit mais chague
symbole vevenani alors plusienrs foii. Ler symboles complexes sont
particulitrement désavaniagenx dans des formules mathémaiigues com-
Pliguées.

3. Dans ler calculs mathématiques ef statisiiques, les symboles, donnés dans
Pannexe 3 doivent éive ulilisés en combindison aves o & la place des sym-
boles, cités dans les annexes 1 of 2.

4. Tontes les communications dans lesquelles se trouvent un nombre de sjm-
boles assen important, doivent étre accompagnées d'une liste de symboles
donsizant leur définition précise, dans une annexe en plus des autres expis-
cations éventuellement données dans le texte. Dany certains cas, la définition
doit également expliquer comment on a calealé le factenr, reprérenté par
un symbole ; par exemple dans le cas d'nn coefficient de forme, il est nécés-
saire non sexlement de préciser si o'est wn coefficient de forme natwurel ou
artificiel, mais encore si le volume & partiv duguel il est calenlé est un volume
suy on sous écorce, i le volume a é1é mesuré jusqu’a ane limite de diaméirve
donné ou won, il we sagit que de bois de iige o st le bois de branches
y est compris, et finalement si le volume a 61é mesnré par ironcons ou non.

VORSCHLAGE FUR DIE NORMUNG
HOLZMESSKUNDLICHER  SYMBOLE

ausgearbeitet von

J. VAN SOEST, P. AYRAL, R. SCHOBER und F. C. HUMMEL

EINLEITUNG

Die gegenwirtigen Vorschlige behandeln die Normung von Symbolen ; sie
wurden auf einer Tagung der Arbeitsgruppe in Wageningen am 26, uad 27.
Oktober 1954 vercinbart und anschliessend nicht nur den an der Holzmesskunde
unmittelbar interessierten Mitgliedern der Sektion 25, sondern allen Verbands-
mitgliedern zugesandt, da ja Messungssymbole hiufig auch auf anderen Gebicten
des forstlichen Schrifttums vetwendet werden, Die Vorschlige wurden dem
LUF.R.O.-Kongtess in Oxford im Juli 1936 zur Diskussion und Beschlussfas-
sung vorgelegt und mit einigen geringfiigigen Anderungen auf einer Sitzung der
Sektion 25 angenommen,

Die Arbeitsgruppe sah den Hauptzweck der Symbol-Notmung darin, dem

9
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Leserkreis die Ausfilhrungen ¢ines Verfassers so leicht verstindlich wie mdglich
zu machen, besonders fir Arbeiten, die in einer dem Leser fremden Sprache
erscheinen,

ALLGEMEINE ERWAGUNGEN
In der Ausarbeitung der gegenwirtigen Vorschlige mussten verschiedene einan-
der widerstrebende Interessen: berficksichtigt und gegenseitig abgestimmt werden ;
die wichtigsten waren :
1. Die Symbole sollen sich dem Gedichtnis leicht einprégen, also einfach und
nicht zu zahlreich sein ;
2. sie sollen auf der Schreibmaschine und im Druck leicht wiederzageben sein ;
3. sie sollen nicht im Widerspruch stehen zu den in der forstlichen Literatur
allgemein verwendeten mathematischen oder anderen Symbolen ;
4. Symbole, die sich schon im internationalen Gebrauch eingebiirgert haben,
sellen moglichst nicht geindert werden ;
5. Die Symbole sollen scharf umrissene Bedentungen haben.

Besonders schwierig ist es, diesen letzten Punkt mit den vorangehenden in
Einklang zu bringen, vor allem mit der Notwendigkeit einfacher und zahlen-
missig beschrinkter Symbole. Die Arbeitsgruppe hielt ¢s fiir die zweckmissigste
Losung, drei verschiedene Symboltypen herauszvarbeiten und dementsprechend
fiir jeden Typ eine Sonderliste zu erstellen, nimlich

1. eine Liste allgemeiner forstlicher Symbole unter Verwendung sehr einfacher
Zeichen, deren genane Umschreibung im speziellen Zusammenhang dem
Verfasser iiberlassen wird (vorzugsweise in einem besenderen Anhang siche
Vorschlag Nr. 4). Diese allgemeinen Symbole geniigen zum Gebrauch in
Verbifentlichungen, in denen ein spezielles Symbol, z.B. f fiir Formzahl,
durchlaufend in genau gleichem Sinne gebraucht wird, da alle erwihnten
Formzahlen auf denselben Messungsmethoden und derselben Berechnungs-
weise beruhen.

2. eine zweite Liste mit Vorschligen zu eciner evtl notwendigen Erginwung
der Symbole der allgemeinen Liste, z.B. in Fillen, in denen in einer Arbeit
verschiedene Formzahl-Typen verglichen werden.

3. eine dritte Liste : Mathematische und statistische Symbole, die schon inter-
national von Mathematikern verwendet und in der forstlichen Literatur
allgemein bendtigt werden. Diese Liste wurde von Mr. J. N. R. Jeffers der
britischen Forestry Commission ausgearbeitet. Die Arbeitsgruppe wiinscht,
Mr. Jeffers ihren Dank filr seinen wichtigen Beitrag zu der Arbeit auszu-
sprechen.

Eine geringe Uberschneidung der Listen 1 wnd 3 hiitte sich nur vermeiden
lassen durch Anderung gewisser Symbole, die sich schon international einge-
biirgest haben, Wo die Gefahr einer Verwechslung fiic gering erachtet wurde,
zog man daher einer Anderung die Beibehaltung cines Zeichens fiir zwei
Zwecke vor, z.B, f steht in der ersten Liste fiir Formezabl und in der dritten Liste
fiir Frequenz.

10




ALLGEMEINE VORSCHIAGE

Beim Gebrauch von Symbolen sollte der Verfasser sein Hauptziel darin seben,
den Lesern seine Ausfitbrungen so leicht verstindlich wie nay miglich zu machen.
Die nachfolgenden Vorschlige bezwecken, den Verfassern die Erreichung dieses
Zieles zu erleichtern,

Es kann jedoch Ausnahmefiile geben, in denen die itrenge Einbaltung dicser
Vorschlige dem erwibnien Hanptzweck eher binderlich als forderlich wive ; in
solchen Fillen ist es natiirlich nicht nar gerechifertigt, sondern sogar wiinschens-
wert, von den Vorschligen abzuweichen.

BESONDERE VORSCHLAGE

1. Soweit als miglich sollen die allgemeinen holemesskundlichen Symbole It

2,

Anhang 1 verwendet werden.

Wo eine Erginzung der Symbole im Anheng 1 notig wird, sollie einer der
nachstehend beschrichenen zwei Wege begangen werden :

Entweder

(a) sollen die Symbole gemiss Liste 2 gebraucht werden, 2B. ig21.40
fiir den Durchmesserzuwachs eines Stammes im  Altershereich ven
21—40 Jahren

oder

(b) es kinnen den Symbolen des Anhanges 1 Akzente oder Zusatzzahlen
{Zahlensubskripte) beigefiigt werden, im obigen Beispiel i’ oder iy
statt i4g,.49. Dic komplizierteren, dafiir aber anschaulicheren Sym-
bole der Alternative {a) werden zu bevorzugen sein, wenn eine grosse
Anzahl von Zeichen verwendet wird, aber jedes von ihnen nur selten
vorkommt ; dagegen werden Akzente oder Zusatzzahlen (Zahlensub-
skripte) lt. Alternative (b) den Vorzug dott verdienen, wo eine kleine
Anzahl hiufig wiederkehrender Symbole in Frage kommt. Erginzte
Zeichen sind in verwickelten mathematischen Formeln besonders nach-
teilig.

. In mathematischen und statistischen Berechnungen sollen die Symbole ge-

miss Anhang 3 beniitzt werden und zwar entweder im Verein mit denen
der Aphinge 1 und 2 oder an ihrer Stelle.

. Alle Versffentlichungen mit einer mehr als geringfitgigen Anzahl von Sym-

bolen sollen abgesehen von irgendwelchen textlichen Erklirungen in einem
besonderen Anhang die gebranchten Symbole verzeichnen und ihre Bedeu-
tung genau umschreiben, In gewissen Fillen sollte die Umschreibung auch
deutlich darlegen, wie der durch ein Symbol reprisentierte Fakior erarbeitet
wurde, Im Falle einer Formzahl ist 2B, nicht nur die Angabe notwendig,
ob ¢s eine echte oder unechte Formzahl ist, sondetn auch, ob die zugrunde-
gelegte Masse mit oder ohne Rinde vermessen wurde, ob die Masse bis
zu einer bestimmten Durchmessergrenze gemessen wurde, ob es sich nur
um Schaftholz handelt oder ob auch Astholz miteinbezogen wurde und
schliesslich, ob die Masse sektionsweise vermessen wurde oder nicht.
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Appendix 1
Annexe 1
Anhang 1

LIST OF GENERAL SYMBOLS IN FOREST MENSURATION
LISTE DES SYMBOLES GENERAUX DE MESURES FORESTIERES
UBERSICHT DER ALLGEMEINEN HOLZMESSKUNDLICHEN SYMBOLE

circumference or girth
diameter
form factor

PO Y-S

basal arca at 1.3 m
(= 4 ft. 3 ins.)

h height
i increment
form quotient

number (of stems,
years, etc.}

p ioctement per cent
(volume, value, ¢tc.)

t age
v volume

¢
4
f

£

)

¢

circonférence
diaméire
coéfficient de forms

surface lerviére i
1,30 mére

bauteus
aceroirsement
coeffavient de dicrafssance

nombre (de tiges,
& anndes, etc.)

tanx (volume,
valears, eic.)

Age

volume

m A, e

t

v

Umfang
Durchmesser
Formzahl

Grundfliche in 1.3 m
Hishe

Hohe
Zuwachs
Formquotient

Anzahl (Stammzahl,
Anzahl der Jahre etc.)

Zuwachsprozent
(Masse, Wert ete.)}

Alter

Masse

Capital letters should generally be reserved for one of two purposes: either to denote
totals per unit area (e.g. V = volume per ha) or popuiation totals in sampling schemes.

Les majuscules dofvent, dune manidre géndrale, 8re séresvées powy wn dos dewx objels
suivanis ! soit mesure totale & Punité de suvface (par exemple V. = wvolume par ba), soit
popaulation totale dans wn échamsillonnage.

Grosse Buchstaben sollen in der Regel fiir einen von zwei Zwecken resecviert werden:
entweder fiir Gesamtwerte pro Flicheneinheit (z.B. V = Masse pro ha) oder fiir Popula-
tionsgesamtwerte in Probezufnahmen.
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Appendix 2
Annexe 2
Anhang 2

ELABORATION OF THE MENSURATION SYMBOLS GIVEN IN APPENDIX 1

Note : 1. Sometimes the rigid adherence te the principles recommended for elaborating
symbols would lead to several tiers of subscripts. These shonld, however, be avoided unless
there is danger of confusion: eg. the suggested symbol for increment is i and that for
volume of stem wood over 7 em. diameter is Yo but the increment relating to that volume
should be written as i,; and wo# as i, .
b
2. Some of the symbols recommended invelve the use of decimal points. In some count-
ries these ate normally shown by a romma (e.g. 0,1) in other countries by a point (e.g,
0.1). In this appendix decimals are shown as points, but there is no objection to commas
being used instead.

3. Underbark measurements may be indicated by attaching u as a subscript to the cor-
responding symbol, for example, d, to denote underbark diameter, V, to denote total
volume of stemwood underbark.

PRECISION DES SYMBOLES DE MESURES FORESTIERES, P
DONNES DANS L’ANNEXE 1

Note : 1. Parfois Iobéissance absolue aux principes recomnus nécessaives pour préciser les
symboles, condutrait & #ne cascade &'indices. Cependani, ces indices doivent Emre bvités,
a moins gi'il y ait visque de confusion; par exemple: le symbole proporé ponr “accroisse-
ment'” esp i ef colui powr Vbois fors de la tige” esi v, mais Paccroissement gui se rapporte
4 ce wolume doit ire éevit g et non 4, .

2. Quelques symboles vecommandés exigent Vusage de décimales, Dany gquelgues Pays, il
est d'usage de les indiguner par des virgnles (par exemple 0,1) dans dautres Pays par des
points (bar exemple 0.1}, Dans ceite anwexe les décimales somt indiquées par des poinis,
mais 0 n'y a pas &inconvéuien: 3 wtiliser des virgules & la place des points.

3. Pour indiquer les mesures sons écorce, la lettrg u pont Yre ajontée en indice aux syn-
boles vorrespondants, par exemple d, indique le diamdtre sous écorce, V', indigue le volume
total sous écorce.

ERGANZUNG DER HOLZMESSKUNDLICHEN SYMBOLE DES ANHANGES 1

Bemerkung : 1. Die strenge Einhaltung der vorgeschlagenen Grundsitze fiic die Symboler-
ginzung witrde zuweilen zu mebrersn Stufen von Zusatzzeichen (Subskripten) fithren.
Dies sollte jedoch vermieden werden, es sci denn, dass die Gefahr einer Verwechshing
besteht; z.B. ist das vorgeschlagene Zeichen fiir den Zuwachs i und das fur die Schaft-

derbholzmasse vy aber der’ suf diese Masse bezogene Zuwachs soll mit i, und #icht mit

iv7 bezeichnet werden.

2. Verschiedene der in Vorschlag gebrachten Symbole schliessen den Gebrauch von
Dezimalstellen ein. In einigen Lindern ist die dafiic gebriuchliche Schreibweise ein Komma,
(z.B. 0,1}, in anderen ein Puckt (z.B. 0.1). In dem gegenwirtigen Anhang sind die
Dezimalstellen durch vorangehenden Punkt angedeutet, jedoch besteht kein Einwand geger
die Verwendung von Kommas anstelle von Punkten,

3. Messungen ohne Rinde kiénnen durch das Zusatzzeichen u znm entsprechenden Symbol
angezeigt werden, So bedeutet 2.B. d,; Durchmesser ohne Rinde, V:, Gesamtmasse ohne
Rinde.
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297




298

SYMBOL DEFINITION EXPLANATION
SYMBOLE DEFINITION BXPLICATIONS
SYMBOL BEGRIFF ERLAUTERUNG
¢ I. Circumference or girth Expand as in “Diameter” below.
Circonférence Ménres Indices que ci-dessus pour
“diamdtres.”’
Umfang Erginzung wie uaten fiir “Durchmes-
ser’ angegeben.
II. Diameter explain whether measured by tape or by
5. Diameter at 13 m (4 fr. 3 |caliper; and if by caliper whether by
d ins.) diameter of a single tree | Single measurement or by two measure-
ments at right angles.
Diamiétre expliguer 5i le diamétre est mesuré an
§ 1, Diamirve & hanteur &bomme | v#ban o au compas, et dans ce dernier
| (1,30 m) car, s'i Pagit dune mesure unique on
! dinmdtre dui seul avbre. de deux mesuves suivant 2 diamérres
perpendiculaires.
Durchmesser Angabe, ob mit Messhand oder Kluppe
1. Durchmesser in 1.3 m Hphe | vermessen: falls gekluppt, ob es sich
Durchmesser des Finzelstam. | umn einfache oder um kreuzweise Mes-
mes sungen handelt,
d - 2Zp G
4 diameter corresponding to mean | the mean basa! area ( g) = {:ﬁ
basal area of stand
.y - zg G
diamétre de la tige de sarface | surface itersitre moyenns {z)= - N
tervitre moyenne "
. —y 2
Dutchmesser des Grundflichen. | mittlere Grundfliche  (g)= ﬁgzﬁq
Mittelstammes &
Y arithmetic mean diameter
diamétre moyen arithmétique i 24
T n
arithmetischer Mitteldurchmesser
dM diameter of median tree if the trees are arranged in order of
diameter, starting with either the largest
or smallest diameter, the position of the
median tree is found from ©F
diamétre de la tige médiane guand les arbres soni rangls par ordre
de diamétre, cvoisiant ou décroissant, la
basition a‘e' la tige médiane exs celle du
n+ 1) #e
2 arbre
Durchmesser des Stammzahl- wenn die Biume in steigender ader
Zentralstarmes fallender Reihenfclge der Durchmesser
geordnet sind, ergibt sich die Lage des
Stammzahlzentralstammes aus e+l
14




SYMBOL DEFINITION EXPLANATION
SYMBOLE DEFINITION EXPLICATIONS
SYMBOL BEGRIFF ERLAUTERUNG
dad dizmeter of medina hasal area | is found in the same way as dyy, but
tree now the numbers in each diameter class
are weighted by basal area: ES
2
diamétre da".!'a' iige de surface | est trouvé de la méme manidre que d g,
tersiére midiane mais maintenant los nombres de chague
classe de diaméire sont pondérées par
les swuefaces rerviéves: =8
2
Durchmesser des Grundflichen- | wird auf analoge Weise gefunden wie
Zentralstammes dp, jedoch werden die Stammuzahlen
jeder Durchmesserklasse nach  ihten
Grundfkichen gewogen: <8
dy and d_ diameters of Hohenadl's sample | d, =d + fgand d_ = d —.0g
trees whete 04 is the standard devistion of d
dy e d ﬁazxér:ﬂ des viges desswi de | dy —=d 4 Oy et d_ =d—0g
ares e O ext Pérart type de d
d+ und d_ Durchmesser der Hohenadl'schen dy =d + 6gundd =d -0y
Mittelstimme . L, .
wobei ¢4 die mittlere Abweichung von
d ist
2. Other diameters
Diameters at peints other than
breast height are indicated by
subscripts
e.g.
dp.sh diameter at hall of total height
from ground
2. Autres diamatres
Ler digméires 2 des bauteurs
autres gue la hawtenr & bhomme
sont indigués par des indices
par exemple
dp,5k diamdtre & misbaxtsir & patiiv
an sl
2. Andere Durchmesser
Durchmesser in anderen Mess-
héhen als in Brusthbhe werden
durch Zusatzzehlen
(Subsksipte) angegeben,
z.B,
dp.5h Durchmesser in halber Gesamt-
hohe vom Boden
dg.1n diameter at 0.1 of total height

from ground

diamdire & Yo de la bawtens,
& partir dn sol

Drurchmesser in 0.1 der Gesamt-
hihe vom Boden
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SYMBOL
SYMBOLE
SYMBOIL

DEFINITICN
DEFINITION
BEGRIFF

EXPLANATION
EXPLICATIONS
ERLAUTERUNG

dp.zh

diameter at 0.2 of total height
from ground

diamétre & 2f10 de la bamiens,
a partir du rol

Durchmesser in 0.2 _der Ge-
samthéhe vom Boden aus

dg

diameter at six meters from
ground
diamdire a 6 m, & pavtiv du sol

Durchmesser in 6 m vom Doden
aus

IIT. Basal area

Sarface tesvidre
Grundfliche

basal arca at 1.3 m (= 4 [t
3 ins.)

surface terridre 4 1,30 m

Grundfliiche in 1.3 m Hohe

the symbol g is expanded in the same
way as

pour le symbole g on se rert des
mémes indices que pour

die EBrginzung des Symbols g erfolgt
in der gleichen Weise wie bei d
angegeben

. Height

Hautenr

Hishe

total height from ground to tip
of tree

bantent torale de Parbre du sol
Jusgw'a Fexyrdmiré

Scheitelhihe

by

mean height by Lotey's formula
bautenr moyenne daprés Lorey
Mittelhthe nach Lorey

=

arithmetic mean height
hantenr moyenne arirhmétique
arithmetische Mittelhdhe

height corresponding to mean
basal area

bantenr de la tige de surface
terriére moyenne

Hithe des Grundflichen-Mittel-
stamimes

as determined from the regression
of height on diameter (or basal
area)

dbterminfe par la régression de Ja

Y]

height corresponding to atith-
metic mean diameter

bantenr de la tige de diamdtre
moyen arithmélique

Hihe des arithmetischen Mittel-
durchmesserstamanes

s fare rerriére)

Bawtenr, sur le diaméire (ou la sur-

iiber dem entsprechenden Durch-
messer {oder Grundfiiche} aus der
Hihenkurve abgelesen
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SYMBOL
SYMBOLE
SYMBOL

DEFINITICN
DEFINITION
BEGRIFF

EXPLANATION
EXPLICATIONS
ERLAUTERUNG

haM

height cortesponding to median
diameter

hauteny dz la tige de diamétre
miédian

Hihe des Stammazahl-Zentral-
stammes

th

height corresponding to median
basal area

banteur de la tipe de surface
rettitve médiane

Hihe des Grundflichen Zentral-
stammes

as determined from the regression
of height on diameter (or basal
area)

déterminée par li végression de lu
bawteny sur le diamétre (o la sus-
face terridre)

iiber dem entsprechenden Durch-
messer {odet Grundfliche) aus der
Hihenkurve abgelesen

bdom

average height of dominant trees,
sometimes  also referred to as
"top height”

hawtenr moyenne der arbres do-
minants, quelguefois  apipelée
hanteny deminante
Drurchschnittshhe der herrschen-
den Stammbklasse, gelegentlich
auch als ,,Oberhhe” bezeichnet

the exact definition must be given
in text

il fasr expliguer la définition exacte
dans le texte -

der genaue Begriff ist im Text zu
definieren

. Form ¢quotients

Coefficient de décroissance
Formquotienten

artificial form quotient based on
diameters 2t half total height
and at hrcast height
coefficient de décroissance arti-
ficiel, baré sur lor diamétres 3
mi-basteur et & hawteny d'bomme
urechter Formquotient, basiert
auf Durchmessern  in  halber
Héthe und in Brusthihe

i = Josh
d

kgj1.3

kg2

kg/1.a

other form quotients as well as
true form quotients are indicated
by subscripts

eg.

attificial form quotient based on
diameters at 6 m and 1.3 m
from ground

les  autres coefficients de dé
croissance sont expliguds par les

WA iy oxemple
coeffivient de décroisiance arti-
Jiciel, basé sur les diamidtres @
6 m et & 1,30 m & partir du sol
andere unechte Formquotienten
und echte Formquotienten sind
dutch Zusatzzeichen (Subskripte
anzuzeigen £B.

unechter Formquotient, errech-
net aus Durchmesserne § m wad
1.3 m vom Beden

d
k6/1.3 = _dE
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SYMBOL DEFINITION EXPLANATION
SYMBOLE DEFINITION EXPLICATIONS
SYMBOL BEGRIFF ERLAUTERUNG
kg, sh/o.3h natural form quotient based on d

3hjo-3 diameters at 6.5 ead 0.3 total | 0,sh/03h = 0B
height from ground do.3h
coefficrent de décrofrsance nain-
rel, basé sur los diamdtres & %10
et d 3f10 de la banieusr, 4 partiy
da 1ol -
echter Formquoticot, basicrt anl
Durchmessern in 0.5 wnd 0.3
der Gesamthdhe vom Boden aus

k, absolute form quotient L dich + 1.3)
coefficient de décrofesance abroln 1= d
absoluter  Formguotient

VI. Volume 1. all volumes are over bark unless

Volume otherwise stated.

Masse 2, mezn volumes, unless otherwise

v total stemwood from ground to stated, are always derived from
tip of tree (without branchwood) the total vol}tljme per umft area
volume total de la ilige, du sol divided by the aumber of trees
jusqu'ed  Vextrémité de Parbre €8 .

{sans bois de branche] TS

Gesamtschaftholzmasse von Bo- 3. method of volume measurement

den bis zum Scheitel chne Ast- or determination should always

holz be explained.

v stem waod above T cm diameter 1. tans amire indication, fous les

7 ; boi de 1o 5 volumes semtendent suy Scovce.
Za e d”" fori ’ ”;‘.‘gg é‘(“y' - 2. sans awirs indication, les volu-

essus de 7 om de diamdtre) wmes moyens joat tonjowss dévivés

Schaft-Derbholzmasse du volume total 3 Funité de sur
face divisé par le nombre dar-

v total tree volume (stem wood .\

b and branchwood) bres, par exemple T :é’
volume total de Varbre (tige er ) 7 n
branches) 3, i fant foujonrs expliguer la mé-
Baumholzmasse thode de merure ou de détermi-

nation du volume,

Vou tree volume above 7 om dia- 1. falls nicht andecs vermerkt, ver-
meter stehen  sich alle Massen mit
tolums bois fori de Parbre Rinde.

Baum-Derbholzmasse 2. falls nicht anders vermerkt, sind
die mittleren Massen immer
hergeleitet aus der Gesamtmasse

v tot: " B A

2 o ;l bra‘.éuc.h joc;d 5 o pro Flicheneinheit dividiert
POLUME BOIS Ge Dranthe 1ok durch die Anzahl der Biume,
Gegamtastholz 2.B. _

Yo o= —
. 75 n

Y7a branchwood above 7 o diameter 3, die Methode der Holzmassen-
volume bois fori de branche ermittlong  soll immes- erkddrt
Asiderbholz werden.

VII. Form factots

Coefficients de forme

Formzahl v

f astificial stem wood form factor | f = "y
coefficient de forme aprificiel de 8
la tige
unechte Schaftholz-Formzahl

18




h

arithmetic mean increment of a
number of trees in one year

accroissement moyen angiel
arithméiigne dun cerlain
nombre daréres

arithmetischer  Durchschaittszu-
wachs einer Anzahl Biume in
einem Jahte

SYMBOL DEFINITION EXPLANATION
SYMBOLE DEFINITION BXPLICATIONS
SYMBOL BEGRIFE ERLAUTERUNG
V.
f f7 = ‘}77
other artificial form  factors g
f, autres coefficients de fr = b
b forme ariifisiels '
andere unechte Formzahlen v
{7[3 f?b ji)
gh
fo. 1k true stem wood form factor fo.1h v
coefficient de forme natuvel du hg().lh
bois de la tige
echte Schaftholz-Formzahl
i VIII. Increment
Aceroissement
Zuwachs
increment of a tiee in on¢ year i and 1 alwaps refer to the incre-
: ment in one year unless otherwise
accroitiement annuel d'un arbre stated
Zuwachs eines Baumes in einem sans awntye indication, i gt I se yé.
Jehre féremt  romjowrs a [Pacceoitiement
annuzl
- ) ) falls nicht anders vermerkt, bezie-
1 increment of a unit area in one hen sich i und I immer auf den
year Zuwachs in einem Jahre
accroissement annnel 3 Punité de
surface
Jahreszuwachs pro Flichen-
einheit
P
—

the bar {—) should be used to
denote the averaging of trees but
not for averiging years, The aver-
aging of vears is simply indicated
by the subscripts showiag the ages
or period to which the periodic
annual increment refers.

la barre (—) doit étve utilisée pour
indigner gw'il Fagit d'une moyen-
we darbres of non Aune moyenne
dannées. 11 fam désigner simple.
ment los moyennes dannéer par dei
indices, qui indiquens Vige ou la
Déviode  awxguels  Paccroitsement
annuel périodigue se yéfire.

der Strich (—) soll gebraucht
werden uvm anzudeuten, dass der
Beum und wéchr der Jahresdurch-
schoitt zugrendegelegt wurde, Ein
Jabresdurchschaitt wird  einfach
durch Zahlensubskripte angegeben,
die das dem periodischen Jahres-
zuwachs zugrundegelegte Alter oder
den Zeitraum aogeben.
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SYMBOT,
SYMBOLE
SYMBOL

DAEFINITION
DEFINITION
BEGRIFF

EXPLANATION
EXPLICATIONS
ERLAUTERUNG

iz1-30

i21.30

iz1.30

the perodic annual increment
of a tree is indicated by subs-
cripts,

eg.
the periedic annual increment
of a tree between the ages of
21 and 30 years
i Jaur indiguer Vaccroissement
wnnwel périodigue par des in-
dices,

par exemple
Paveroissemens anwuel  périodi-
que d'un arbre entve los dges de
21 et 30 ans
der periodische Durchschnitts-
zuwachs eincs Bavmes pro Jahr

“wird durch Zahlensubsktipte an-

pegeben,

z.B.
der periodische Durchschnitts-
zuwdchs eines Bawmes im Al
tersbereich von 21—30 Jahren

Z'iz] -30

2221-30

“ Zig1.30

the total increment over. a
period is indicated by adding the
summation sign to the ahove
ie

the total increment of a tree
between the dges 21 and 30
years

Paccroissement total dany une
période est indiqué en ajomtant
le signe sigma aux awire; sig-
nes :

Paccroissement toral Pun arbre
entre les Ages d2 21 et 30 ans
um den Gesamtzuwachs in einem
Zeittaum anzugeben wird das
Summigrungszeichen dem oben-
genannten Zeichen vorangestellt:
der Gesamtzuwachs eines Bau-
mes im  Altersbereich  von
21—3¢ Jahten

subscripts are also used to
denote the character to which
the increment refers,

e
diameter increment in a  year
Les indices sont aussi employés
posir indiguer le varactire an-
grel Paccroirsement se véfdre,

par exemple

accroissement annuel du diaméire
Zusatzzeichen (Subskripte) wer-
den auch gebraucht, um den Zu-
wachs za spezif%iemn,

z.B,
Durchmesserzuwachs  jn  einem
Jahire
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SYMBQOL
SYMBOLE
SYMBOL

DEFINITION
DEFINITION
BEGRIFE

EXPLANATION
EXPLICATIONS
ERLAUTERUNG

ig

basal area increment in a year
accroissement annnel de la sur
Jace terriérs
Grundflichenzuwachs in einem
Jahre

volume increment fn a year
accroissement annwel du voluwme
Massenzuwachs in einem Jahre

iv7b

increment of stem wood and
branchwood over 7 cm. diameter
in a year
dccroissement  annuel  du  bois
fors total

Derbholzzuwachs in einem Jahre

NOT: iy_

NON PAS: iy,

NICHT :

b

b

i
¥7

b

Ty7h 31-50

the periodic annual increment
per unit atea of stem wood and
branch wood over 7 cm diameter
between the ages 31 and 50 years
arcroissement annuel péviodique
par wnité de surface du bois fors
toral entre les dges de 31 e
30 ans

der periodische Dwurchschnitts-
suwachs  (pro  Flicheneinheit)
des Baumderbholzes im Alters-
bereick von 31—50 Jahren

NOT: Iy

NON PAS:

NICHT :

31-50

I
v7b
31-50

L

bs1-s0

increment percent
tawx daccroissement
Zuwachsprozent
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Appendix 3
Annexe 3
Anhang 3

A LIST OF MATHEMATICAL AND STATISTICAL SYMBOLS
WHICH ARE USED INTERNATIONALLY AMONG MATHEMATICIANS
AND ARE COMMONLY NEEDED IN FOREST LITERATURE

In this list, only symbols which are generally accepted have been included. The list is
divided into five sections:

(2} Letters of the alphabet :

Small Roman
Capital Roman
Greek

{b} Symbols of relation ;

(<) Symbols of operation ;

(d) Use of indices ;

{e) Use of subscripts, primes, clc.

LISTE DES SYMBOLES MATHEMATIQUES ET STATISTIQUES D'UN
EMPLO] INTERNATIONAL CHEZ LES MATHEMATICIENS EI' QUI SONT UTILISES
COURAMMENT DANS LA LITTERATURE FORESTIERE

Dans cette liste on ne tronve que des symbolés, qui sont dccepiés généralement, La liste
et divisée er cing sections ;

fa} Lettses de VPalphabet:

minuscules vomaines
mafascales romaines
grecques

(6} Symbales de relation ;

(c} Symboles dopération ;

(d) L'msage des exposanis ;

(e} Llusage des indices, accents, etc.

VERZEICHNIS MATHEMATISCHER UND STATISTISCHER SYMBOLE,
DIE IN DER INTERNATIONALEN FACHLITERATUR ANWENDUNG FINDEN
UND AUCH IM FORSTSCHRIFITUM ALLGEMEIN BENOTIGT WERDEN

In dieser Ukbersicht sind nur Symbole erwihnt, die allgemein anerkannt sind. Die
Ubersicht zerfillt in finf Abschnitte:

(a) Buchstaben des Alphabets:
Kleine lateinische
Grosse lateinische
Griechische *
{b} Bezichungssymbole;
[(3) Behandlungssymbole;
(d) Gebrauch von Indexwerten (Exponenten);
{€) Gebrauch von Zusatzzeichen (Subskripten), Akzenten usw.
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{(a) Letters of the aighabet
(a) Lettres de Palphaber
(a) Buchstaben des Alphabets

Small Roman leiters are used to indicate observed or calculated values. The following
have special meanings :

Les minuscules romaines sont atilisées pour indiguer les valewrs observées ou calenlées,
Las suivanies ont des significations spéciales :

Kieine lateinische Buchstaben werden gebraucht, um beobachtets oder berechnete Werte
anzugeben. Die folgenden haben besondere Bedeutungen.

LETTER
LETTRE

BUCHSTABE

GENERAL USE
USAGE GENERAL
ALLGEMEINE GEBRAUCH

SPECIAL USES AND EXAMPLES
USAGES SPECIAUX ET EXEMPLES

BESONDERE ANWENDUNGEN
UND BEISPIELE

now

algebraic constants

constantes algébriques

algebraische Konstanten

a is also used as the intercept of a
regression line on the dependent
axis. b is also used as the coeffi-
cient of regression

a est également wmiiiré vomme or-
donnée & Vorigine dune droite de
régression, b est égalewent utilisé
comme coefficiens de régression
a wird auch gebraucht fiir das In-
terzept einer Regressionslinie  auf
der abhidngigen Achse. b wird auch
gebraucht fiir Regressionskoeffizient

the base of natural logarithms
base des logarithmes népériens
die Grundzahl natiitlicher Logarithmen

e =

2.71828

frequency in statistical distributions
fréguence dans les distributions stais-
tigues

Frequenz in statistischen Verteilungen

used in algebra for V-1

employé en algébre powr |/ 1

wird in der Algehra L
gebraucht fir 121

also used to denote an interval in
conjunction with other symbols
est ausst atilisé powr Indiquer un
wmrervalle conjointement avec d'aw-
tres symboles

ferner gebraucht, um in Verbindung
mit anderen Symbolen ein Intervall
anzudeuten

|

estimate of moments in  statistical
distributions

estimation der moments dans les distri-
butions statistiques

Schitzung von Momenten in statisti-
schen Verteilungen

the number of items or values
nombre dobrervations ou valeurs
Anzahl von Beobachtungen oder
Werten
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LETTER
LETTRE
BUCHSTABE

GENERAL USE
USAGE GENERAL
ALLGEMEINE GEBRAUCH

SPECIAL USES AND EXAMPLES
USAGES SPECIAUX ET EXEMPLES

BESONDERE ANWENDUNGEN
UND BEISPIELE

bl

probability, or proportion, of successes
probabilité ou proporiion de succés

Wahescheinlichkeit oder Verhilinis von
Erfolgen

probability of failure (g = 1 — p)
probabilitd d'insuccds (@ = 1 — p)
Wahrscheinlichkeir oder Verhiltais von
Misserfolgen (g = 1 — p)

used in statistical distributions
atilicd dans les disvibutions sta
tistigues )

in statistischen Verteilungen ge-
braucht

estimate of coefficieat of correlation
estimation du coefficient de corrélation

Schitzwert des Korrelztionskeeffizien-
ten

estimate of standard deviation, or

standard errot

estimation de Vécayt-type on de Perreny
iype

Schitzwert der mittleren Abweichung
oder des mittleren Fehlers

STUDENT 's t, a test of statistical
significance

t daprés STUDENT, test de signifi-
ralion siatissigue

t nach STUDENT, ein Testwert fiir
die statistische Signilikanz

range of values, i.e. difference between
meximum and minimum values in a
sample

dtendue d'wne série, Cestd-dive la dif-
férence entre les valenss maximum et
minimum dans un échantillon
Strenungshereich, d.h. Differenz zwi-
schen Maximal- und Minimalwerten in
einer Stichprobe

N oM

algebraic variables

vatiables algébrigues

algebtaische Variabeln

in regression analysis, x is used
for the independeat variable, and
y for the dependent variable
dans les analyses de végression x est
employé ponr désigner la variable
inddpendante, y la variable dépen-
dante

in - Repressionsanalysen wird x ge-
braucht fiir die unabhingige Ver-
dnderliche, y fiir die abhiingige
Verinderliche

Capital Roman letters are commonly used in statistical work to derote individual values,
in contrast {0 smali Roman letters used 0 denote devistions from the mean, e.g.

24
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Les majuscules romaines somt géndralement wiilisées dans des travanx siatistiques, ponr
indiguer der wvaleurs observées individuelles, par opposition aux lettres minuscules vomaines,
qui indiguent les déviations par sapport & la moyenne, par exemple :

— % = —x=
XI =%, et X2 X = X, €IC,

Grosse lateinitche Buchitaben wetden allgemein gebraucht in statistischen Arbeiten um
individuelle Werte enzudeuter, im Gegensatz zu kleinen lateinischen Buchstaben, die Ab-
weichungen vom Mittelwert angeben, z.B.

Xl - X = xl, und X2 —_X = xz.usw.

The following have special meanings :
Les lettres tuivantes oni des significations particulidves, & savoir:
Die Folgenden haben besondere Bedewtungen:

LETTER i GENERAL USE SPECIAL USES AND EXAMPLES

T | oo e | 0l A o7 e
BUCHSTABE ALLGEMEINER GEBRAUCH UND BEISPIELE P
P Snedecor’s F, the variance ratio unsed in
tests of significance in analysis of
variance

F d'aprés SNEDECOR, rapport de va-
riatice #iifisé dawps des fenis de signi-
fication ern analyse de variance

F nach Snedecor, das Variationsverhilt-
nis, gebraucht in Sigrifikanzpriifungen
in der Varianzanalyse

N a number of values {usuallp 2 total a0, 4+ n = N
nuember)

nombye de wvalewrs (le plus souvent un
nombre total}

eine Anzahl Werte (meistens eine
Gesamtzahl)

R cocfficient of multiple correlation
coelficient de corélation multitle
vielfacher Korrelationskoeffizient

Greek letters are commonly used to denote unknown population values, or parameters,
of which valucs denoted by small Romaan letters are estimates. The following have special
meanings :

Ler lettres grecques sout généralement wilirdes pour désigner des valeurs ou des para-
métres inconnns de la population, dont les estimasions sont désignées par des lettves minus-
cules vomaines. Loy letives suivantes ont des significations particalidres, d ravoir

Griechische Burhstaben werden allgemein gebrancht um unbekanate Populationswerte oder

Parameter anzudeuten, deren Schitzwette mit kleinen lateinischen Buchstaben angegeben
werden. Die Folgenden haben besondere Bedeutungen:
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LETTER
LETTRE
BUCHSTABE

GENERAL USE
USAGE GENERAL
ATLGEMEINER GEBRATUICH

SPECIAL USES AND EXAMPLES
USAGES SPECIAUX ET EXEMPLES
BESONDERE ANWENDUNG UND

BEISPIELE

8

population. value of regression coef-
ficients (of which b is an estimate)
vraie valenr du coefficient de régression
de lq population (dont b e;t wne esti-
maiion)

Populationswert von Regressionskoeffi-
zienten (b ist der entsprechende Schiite-
wert)

correlation ratio
raprport de corrélation
Korrelationsverhiltnis

any given angle measured from the
horizontal

font angle mesuré & paviiv de Faxe
botigontal

irgendein Winkel, von der Horizon-
talachse gemessen

theoretical moments of statistical
populations

moments théorigues des populations
Statistiques

Theoretische Momente statistischer
Populationen

a constant
une consianie
eine Konstante

%= 314159

coefficient of correlation of a4 popul-
ation

cosfficient de corrélation d'une popu-
lation

Korrelationskoetfizient ¢iner Popula-
tion

standard deviation of a population
Ecart-type d'une population
mittlece  Abweichung einer Population

chi-square, a test of statistical "good-
ness of fit”

Un zest jervant & juger de la qualité
Aun afustement statistique
Chi-Quadrat, ein kritischer Wert fijr
statistische Anpassung

[For 5, A, & etc., see symbols of operation].

(Pour 2, /N, 8 etc. ., voir les symboles dopération),

[Wegen 3, A, & usw., siche unter,Behandlungssymbale”].
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{b) Symbols of relation

(&) Symboles de velarion
(b} Beziehungssymbole

SYMBOL EXAMPLE OF USE MEANING
SYMBOLE EXEMPLE D*USAGE SIGNIFICATION
SYMBOL ANWENDUNGSBEISFIEL BEDEUTUNG
= a=~h a equals b
a égale b
a ist gleich b
— 1=b a is identical to b
a identigue 4 b
a ist identisck mit b
Z o 2 b a is app‘m)’cimately equal to b
. . a pex différens de b
a ist annidhernd gleich b
7 a#Zb a does not equal b
a différens de b
a ist nicht gleich b
s a>b a is greater than b
a supéticur & b
a ist grosser als b
= az= b a is greater than or equal to b
A jupérienr on égal A b
& ist grosser als oder gleich b
<< a<b ais less than b
a infévienr & b
a ist kleiner als b
= a=b a is less than or equal to b
a inférieus on égal ¢ b
a ist kleiner als oder gleich b
+ at+ b the value a has a standard error b

(Note ; the * should always be followed
by a standard error of the mean, not a
standard deviation of individual values).

la valewr a a un érast-type b.

{Note : le signe X doit toujours dire suivi
dun écart-type de la moyenne, of now d'un
Scart-type des walewrs individuelles.)

der Wert 2 hat einen mittleren Fehler b
{Bemerkung : Nach dem * Zeichen soll
immer der mittlere Fehler des Mittels fol-
gen, nicht die Standardsbweichung der in-
dividuellen Werte),
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(¢) Symbhols of operation
fe} Symboies dopération
{¢) Bchandlungssymbole

SYMBOL EXAMPLE OF USE MEANING
SYMBOLE EXEMFLE D'USAGE SIGNIFICATION
SYMBOL ANWENDUNGSBEISPIEL BEDEUTUNG
o LR infinity
0 Finfini
unendlich
A differences
différences
Differenzen
n [ ST ST S T - 4K =y
P -y 1%t n
i=1
Xy- Ry Xy X =¥
m -
Lim Limy =0 the limit of y as x tends to infinity is 0
X > X = {where y is assumed to he some fuaction
of x).
la limite de y est O quand x temd vers
Pinfini (7l est sapposé que y eft wne cer-
taine foncrion de x).
Der Grenzwert von y ist gleich 0, wenn
x uneadlich gross wird {vorausgesetzt,
dass y eine Funktion von x ist)
n! factorial of a
n = nf(a—1)(n—2) .... 321
{also written 2s|n)
factorielle »
#! = a {e—1 (#—2) ... 3.2.1.
(on peut austi éerire lﬁ)
n faktoriell
n!=n (p—1) (n—2) ....... 3.2.1.
(wird auck als |n geschricben)
61 Gl =6 X i X4XsiX2X1

[FEENG

number of possible combipations of 2 ob-
jects out of a-total of 4 objects (also wuit-
ten as nCt or nCr)

nombre de combinaisons possibles de 4
objers pris 2 & 2

(on peut anssi éerire nC" om nCr)
Anzahl méglicher Kombinationen von 2
Objekter aus einer GGesamtzah! von 4 Ob-

jekten (wird auch nC' oder nCr ge-
schrieben)
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SYMBOL EXAMPLE OF USE MEANING
SYMBOLE EXEMPLE D’'USAGE SIGNIFICATION
SYMBOL ANWENDUNGSBEISPIEL BEDEUTUNG
F {x) y = F (x) y is some function of x
y eit upe fonction de x
y ist irgendeine Funktion von x
Sy the ratio of a small increase in y to a
3% corresponding smezll increase in x
vappost un accroissement infiniment pe-
tit de y A Vaccroissemeni infinimens petit
correspondant de x
das Verhilnis einer kleinen Zunahme in
¥ zu einer entsprechenden kleinen Zunah-
me in x
8
dl the limit Df'l asdx tends to zero
dx dx b

.o 67
la limite de ér guand Ox tend vers zéro
X

der Grenzwert von 61 , wenn dx Null
zustrebt x

indicates indefinite integration
indigue une intégrale indéfinie
gibt cine unbestimmte Integration an

integration of x between zero and infinity
intégrale de x entre xéro et Vinfini

Integration von x zwischen Null und
Unendlich

the value of a withont regard to its alge-
braic sign
valenr absolue de

der Wert von a ohne Beachtung seines
algebraischen Vorzeichens

(d} Use of indices

Indices may be used to indicate powers, roots, reciprocals.

(d) Lusage des exposanis,

On peus utiliser les exposants pour indiguer les puissances, les racines, les inverses.

{d) Gebrauch von Exponenten

Exponenten kiinnen gebraucht werden, wn Potenzen, Wurzeln, Reziptokwette anzugeben.
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GENERAL S5YMBOL
SYMBOLE GENERAL
ALLGEMEINES SYMBOL

EXAMPLE OF USE
EXEMPLE D'USAGE
ANWENDUNGSBEISPIEL

MEANING
SIGNIFICATION
BEDEUTUNG

xn

the nth power of x
la puitsance widme de x
die n-te Potenz von x

the square of x
rarré de x
x-Cruadrat

the cube of x
cube de x
die Kubikzahl von x

T

the nth oot of x
racine niéve de x
die n-te Wurzel aus x

%1“/;

the square root of x
racing carvée de x
die Quadrat-Wurzel aus x

>

=

the cube oot of x ?
racine cubigue de x >
die Kubikwurzel ans x s

¥x

1
the reciprocal of x, "~

Pinverse de x, dest-d-dire

der Reziprokwert von x,

Wl |

2
o)

X [but beware of tan-lx, sin-l3,

X
cos-1x, which denotes the angle whose tan-
gent is x efc, and ros

1 1 1 ]
tan x  sin x ' cos ¥

X [attenzion : tg-tx, sin-lx, cos-ix 4
X

signe ar x, €c ..., é non
1 1 1 ]

[ .

g X sinx cosX i

fl [Ach:ung: tang -1 %, sin-1x, cos-lx
b3

bedeutet den Winkel, dessen Tangens usw.
x ist, und micht
1, 1, 1 ]

tangx  sin x  co$ x
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(€) Use of subscripts, primes, etc.

Subscripts may be used to identify particular velues,
e.g. x1+x2+x3+x4= X %
(where i = 1, 2, 3, 4)
Special subscripts may he used to indicate particular estimates or constants
e, 0;. the standard error of the mean.
In regression analysis, subscripts are used to denote dependence and indepen-

dence,

eg b 18 the regression cocfficient of %, on X, when Xy Ky %

12.345. .
........... x, are held constant,

Primes may be psed to indicate particular values of a variable, e.g. ¥/, x” ¥,
Averages : The arithmetic mean should be indicated by a small bar placed over the
variable,

e.g. -lfx = x
n

Best estimates, Estimates obtained by least-squares theory (c.g. by regression) are in-
dicated by placing a circumflex over the variahle.
A
eg ¥

(e) Ll'usage des indices, accents, etc, .,

Des indices peuvent dfre wtilisés pous indiguer des valeurs particulivrer.
= + u= .

Par exemple - xRy Ry X Py ®,
oz 1 = I, 2, 3 4).
Des indices bewvent 8tve wtilisés pour indiguer des extimarions om des consiantes
Particulisres.

Par exemple o est Vécart-type de la moyenne.
Dars les analyses de régresiion, on 3¢ sert @dndices pour indiquer la dépendance
e Lindependance.

Par exemple b at le coeflicient de régression de Xy S0 Ky quand

12.345.,..

Hgs Ko Ky e X Somit lenus coniianis.

3 n

Les accents peuvent étre utilisés pour indiquer des valevrs particuliéres d'une variable.
Par exemple x', x", x"'.

Moyennes. 11 faut indiquer la moyenae arithmétique au moyen d'une petite barre sur
la varizble.
1 _
Par exempls - Zx=x

Meilleures estimations. Les estimations oblenues par la méthode des moindres carrés
(par exemple au moyen d'une cégression) sont indiquées par un accent circons
flexe sur la variable,

)
Par exempler v

(e} Gebrauch von Subskripten (Zusatzzeichen), Akzenlen usw.

Subskripte (Zusatzzeichen) kann man verwenden, um besondere Werte 2zu identifi-
zieren,

B X Xy b Xy Xy T X
(wobei 1 = 1, 2, 3, 4)
31
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Besonders Zusatezéichen kdnnen gebraucht werden, um besondere Schitzungen oder
Konstante anzuzeigen,

zB. %% der mittlers Febler des Mittels.
In der Repressionsznalyse werden Zusatzzeichen gebraucht, um Abhiingigheit und
Unabhingigkeit anzudeuten,

zB. b 12345....n ist der Regressionskoeffizient von x, anf Xy WeOD Xg

T x,, konstant gehalten werden.

Akzente dirfen gebraucht werden um besondere Werte einer Variabel erzudeuten,
Mittel. Das arithmetische Mittel wird angegeben mittels eines kleinen Stiches iiber der
Vardabel,
z.B. L S au=x
n
Beste Schitzungen, Schiitzungen, die man erhiilt mit der Methode der kleinsten Quadrate
(z.B. mittels Regression), werden angegeben durch einen Zirkonflex itber der

Variabel.

A
z.B. ¥,
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