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Abstract

The components of gap dynamics, consisting of spatial and tempo-
ral factors and of magnitude, are also applicable to disturbance
dynamics. Comparing research results in gap and disturbance dy-
namics on different geographical locations is a useful tool for the
investigation, prediction and implementation of the impact of differ-
ent disturbance types in several forest ecosystems. The exact de-
scription of key terms, concepts and methodologies of research are
very important for these comparisons. A digital database, contain-
ing details on research parameters like location, plot size and dis-
turbance frequency, could form an interesting guide for future re-
search.

Keywords: gap dynamics, natural disturbances, disturbance re-
gimes, ecosystem management
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Introduction

This article is based on the theoretical framework for a study of the
importance of windthrow in a pine forest ecosystem in Estonia.

In this research, as in many studies of disturbance mosaics, an
attempt was made to relate the gap patterns in the plots with forest
disturbances. Understanding of gap dynamics and disturbances is
of importance for various reasons. Risk management in silviculture
is often mentioned in ecosystems experiencing frequent disastrous
disturbance events. Also for the implementation -or even imitation-
of disturbance dynamics in sustainable ecosystem management
improved insights in the driving forces of these processes are re-
quired (e.g. Johnson et al. 1999, Payette et al. 1990). As a starting
point, this article will distinguish the components of both gap and
disturbance dynamics, based on theories in available literature.

Components

The spatial component of gap dynamics consists of the size and
the patterns of gaps. Often the gaps appearing in a forest stand
are not of equal size nor is there any regular pattern present. How-
ever, areas often show a tendency to a certain gap size or regular-
ity. Relating this phenomenon to the disturbance types addressing
the area, the characteristics of the disturbance agents could ex-
plain the spatial distribution of the gaps present (Armstrong 1999,
Quine 1999).

Closely related to the patterns in the spatial component is the tem-
poral component of gap dynamics. This component is usually
expressed as the frequency of the occurrence of gaps in time. Fre-
quency can be considerably varying: even within stands gaps can
appear with intervals of decades to millennia. However, when the
cause of gap formation can not be determined, the frequency sig-
nature can seem rather chaotic. According to Seymour et al.
(2002), size of gaps caused by disturbances and frequency of oc-
currence are related. More catastrophic disturbances, causing
large sized gaps, in general occur with large intervals, while small-
scale disturbances have a higher frequency (e.g. Lorimer et al.
1988, Rogers 1996).
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The component of magnitude is composed of intensity, being the
physical forces to which the forest stand is subject, and severity,
which is the actual damage done, often expressed as the loss of
biomass. Each species and site reacts differently to a certain dis-
turbance intensity, which could explain some of the differences in
severity. Therefore, gap size, recovery rate and patterns are de-
pending on the disturbance types, but also on surrounding pa-
rameters like the horizontal and vertical stand structure and the site
conditions (Blackburn et al. 1988, Canham et al. 2001).

Distinguishing and studying different biotic and a-biotic disturbance
types separately could help to understand the interaction of distur-
bances and complex patterns of gaps existing in forest stands. For
example, small-scale disturbances by storms, addressing an area
regularly, can cause an accumulation of woody debris. This can be
the fuel wood for large-scale forest fires occurring on an infrequent
basis.

Comparing the results of disturbance research in different geo-
graphical sites is an important tool to quantify the effects of distur-
bance types to different forest ecosystems. A comparable research
approach, including definition formulation and a close description
of the site conditions will facilitate the interpretation considerably.

Of course one should realise that not each gap is caused by dis-
turbances. More gradual processes, like senescence and global
climate change, are also influencing gap formation and gap closure
or expansion (Ban et al. 1998, Bergeron and Leduc 1998). Fur-
thermore, natural and human disturbances often interfere, compli-
cating the picture increasingly.

Research and analysis

When considering research approach and definition formulation in
gap dynamics research, it is important to define the scale of the
research, the study plots and the boundaries set to gap size. Re-
porting the shape of the gap, in terms of minimum width and the
way of assessment of gap shape, is essential when studying the
gap overlays of several disturbance types or in case of a specific
disturbance type like windthrow (Quine 2003). Furthermore, meth-
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ods to report gap boundaries should be described accurately as
these are not univocal between studies (e.g. Runkle 1985, Brokaw
1982, Brandani et al. 1988). While studying gap occurrence fre-
quency, the methods applied to date gaps and to determine the
gap formation agent are varying (Lorimer and Frelich 1989,
Lorimer et al. 1988). Additionally, in long-term research it is impor-
tant to set the monitoring frequency. Investigating magnitude, the
severity and intensity of disturbance types should not be related
without considering and describing the biotic and abiotic site char-
acteristics. The implementation of natural disturbances in ecosys-
tem management also means that the impacts of human distur-
bances, especially in terms of silvicultural activities, are adequately
clear.

In conclusion, for the comparison of research results in gap and
disturbance dynamics, it is very important to describe key terms,
concepts and methodologies as exact as possible.

Suggestions for the SNS network 'Natural disturbances dy-
namics as component of ecosystem management'

The SNS Network resources are obviously aimed at the exchange
of ideas and research experiences. During the Hiilumaa and Geysir
meetings, in 2002 and 2003 respectively, suggestions were made
to extend the results and effects of this scientific network. Subjects
for research were highlighted for co-operation in projects. Further-
more, analogue to the existing Database on Forest Disturbances in
Europe (DFDE, see for more information
http.//www.efi.fi/projects/dfde), a disturbance dynamics research
database could be developed. Besides results, investigated pa-
rameters like gap size, perimeter, pattern, disturbance frequency
and intensity, size of the area researched efc. could be included in
this digital database. In this way, existing literature can be catego-
rised and form a guide for future research in forest disturbance dy-
namics.

Eventually, experiments with management schemes in ecosystem
management can be adapted to the frequency, patterns and se-
verity of the natural disturbance regime in an area. The availability
of data and information on sites with corresponding characteristics

45



is relevant in case existing data resources are insufficient. How-
ever, we should beware of the risk of simplifying reality. Re-
searching different separate disturbance types is just a first step in
understanding the complex synergism of natural processes and
human activities in forested ecosystems.
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