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Disturbance Ecology: A Guideline b

Thomas Wohlgemuth @, Anke Jentsch (@, and Rupert Seidl

Abstract The guideline contextualizes the field of disturbance ecology over time
and space. It addresses fundamental elements of disturbance ecology, such as driv-
ers of disturbances, adaptations of plants to disturbance, disturbance effects on bio-
diversity, disturbance resilience, disturbances in the context of ecosystem
management, and climate change impacts on disturbance regimes. The chapter
introduces the structure of the book and highlights the audience for which the book
was written.
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1.1 Disturbances in Community Ecology
and Ecosystem Dynamics

Disturbance ecology originated from vegetation science and quantitative landscape
ecology, both fields that have a rich history. Vegetation science and its broader rela-
tive, geobotany (broadly, the biogeographical study of plants),' have dealt with the
systematic sequence or succession of plant communities (Kratochwil and Schwabe
2001), creating overviews and characterizing vegetation units (e.g. Braun-Blanquet
1964; Ellenberg 1996). For a long time, the focus of research was on the ecological
equilibrium of individual plant communities in given locations, especially in Central
Europe. Today, many disciplines build on this past work in order to investigate the
reactions of ecosystems and especially of plant communities to environmental
change. The comprehensive study of ecosystems — from individuals to plant com-
munities and vegetation landscapes — has generated new insights: that plant com-
munities are dynamic systems, that they vary greatly in space (Sousa 1984), and that
recurring patterns of temporal sequences occur during succession (Clements 1916;
Watt 1947; Gurevich et al. 2006; Walker and Wardle 2014). Signs of previous inter-
ruptions of vegetation succession, such as fire scars or standing deadwood, indicate
transient resource changes (Davis et al. 2000) and the alteration of undisturbed suc-
cessional patterns. Thus, these signs provide evidence of a deviation from the eco-
logical equilibrium — that is, they indicate a perturbation/disturbance (Odum
etal. 1979).

In North America, the classical and static view of vegetation types was aban-
doned in the 1970s and 1980s, with a dynamic perspective of plant communities in
the landscape — including disturbances — taking hold (Chap. 2). Synthesis work by
Levin and Paine (1974), White (1979), and White and Pickett (1985) on the impor-
tance of disturbances for vegetation dynamics set the foundation for this new,
dynamic perspective of vegetation. Also in the 1970s, groundbreaking studies on
the interaction of species richness and disturbance were published (Grime 1973;
Connell 1978). In the following decades, disturbance was a major focus of ecologi-
cal research in the English-speaking world and was increasingly reflected also
among vegetation ecologists across all continents (Fig. 1.1).

How did the field of ‘disturbance ecology’ develop in Central Europe? Impacts
of disturbance are already implied in phytosociology (e.g. Braun-Blanquet 1964;
Ellenberg 1996), a school of thought that was dominant in Europe for much of the
second half of the twentieth century. In this approach, traces of disturbance are
detectable in units and specific terms, for example, the interruption of succession
leading to ‘secondary succession’, and the ‘permanent communities’ that result as a
consequence of repeated disturbances. Nonetheless, these aspects have rarely been

'In the past, there has been some difference in the terms used between the European literature and
the Anglo-American literature. In Europe, floristic geobotany was the term often used for the
branch of biogeography concerned with the distribution of plant species. The equivalent term in the
Anglo-American literature was phytogeography (Mueller-Dombois and Ellenberg 1974).
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Fig. 1.1 Number of scientific publications per year containing the search terms ‘disturb*’ and
‘ecol*’, from 1990 to 2020 (a), and the annual number of citations to these publications (b). (Data
retrieved from the Web of Science (WOS) on 17.03.2021)

the subject of in-depth studies in Europe as the main interest of research has been
focused on plant communities that are ‘stable’ in their species composition and are
thus in an equilibrium. In Europe, the broad scientific discussion of disturbances
began much later than in the ‘Anglo-American’ world. This may be because in the
1970s phytosociology was still a dominant paradigm in many places, and its find-
ings were increasingly applied in the field of nature conservation. The terms pertur-
bation and disturbance (White 1979) were not yet established in Europe in the
1990s, and the German-language equivalent Stdrung, which often has negative con-
notations, was hardly used, for example, in forestry. As any kind of management
intervention can be understood as an abrupt and spatially discrete event of tree mor-
tality (see Chap. 14), the concept behind the word even generated strong opposition
in some communities, which persist to this day. However, the term disturbance has
increasingly been established in ecosystem research also in Central Europe (White
and Jentsch 2001). Its significance has increased considerably over the past decades,
both because of an increased relevance of disturbance processes and also because of
substantial advances in research. This is also reflected in a widespread change in
conservation paradigms towards protecting natural processes rather than individual
species or communities (e.g. Scherzinger 1996; Miiller 2015).

Disturbances occur in all plant communities (see Chap. 2) and contribute signifi-
cantly to the spatial and temporal heterogeneity of ecosystems that enables many
species to coexist (see Chap. 4). For several decades research has been conducted on
the stability of ecosystems, which led to the concept of ecological resilience, that is,
the ability of disturbed ecosystems to retain their functions and structures in the face
of disturbance (see Chap. 5). In response to regularly occurring disturbances,
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organisms have also developed physiological and morphological adaptations (see
Chap. 6).

Forests in Europe are exposed to abiotic disturbances such as fire (see Chap. 7),
wind (see Chap. 8), and, in mountainous areas, avalanches (see Chap. 9). Biotic
disturbances in these ecosystems are often triggered by extreme climatic events
(e.g. dry-hot weather) or succeed previous disturbances (interaction) (e.g. bark bee-
tle outbreaks after windthrow). Also plant diseases (see Chap. 10) cause distur-
bance, as do phytophagous insects (see Chap. 11) and especially bark beetles (see
Chap. 12). These all contribute to the heterogeneity of the affected ecosystems.
Large herbivores (i.e. animals with a bodyweight of >50 kg) shape the vegetation to
different extents depending on their population size (see Chap. 13).

By far the largest influence on the current vegetation in Europe is exerted by
humans. Practically all forests in Europe have been transformed in their structure
and species composition during centuries or even millennia of multiple uses (see
Chap. 14). Furthermore, grassland management (see Chap. 15) is exercised on a
large part of the unforested areas. In other words, most of the current vegetation in
Central Europe is a direct result of current and historical disturbance regimes (see
Chap. 3), made up of both natural and anthropogenic disturbance agents.

1.2 Modern Disturbance Research

Abrupt changes in environmental conditions have developed into a key object of
investigation in ecology since the 1980s (Johnson and Miyanishi 2007). An impor-
tant approach in dynamic vegetation modelling uses disturbance-caused gaps
(Churchill and Hansen 1958; Forcier 1975; Glenn-Lewin and van der Maarel 1992)
as a starting point for forest development (Kienast and Kuhn 1989; Bugmann 1996).
Newer model types increasingly integrate disturbances as an important element of
system dynamics (Seidl et al. 2011; see Box 17.1, Chap. 17). Biodiversity research
has identified numerous findings on the influence of disturbances on species com-
munities (e.g. Thom and Seidl 2016; Thorn et al. 2018; see Chap. 4). A broad and
important topic is the role of disturbances in the long-term maintenance of ecosys-
tem heterogeneity, and thus the importance of disturbance for the conservation of
biodiversity (Kulakowski et al. 2017). In turn, high levels of biodiversity increase
the resistance to disturbances, especially to extreme climatic events such as pro-
longed drought as well as early and late frost (Isbell et al. 2015; see Chap. 6). This
connects to topics of functional diversity (e.g. Hector et al. 2010; Ratcliffe et al.
2017), which provide the basis for experimental disturbance ecology, investigating,
for example, the influence of weather extremes and land-use changes on ecosystem
functions (Jentsch et al. 2007).
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1.3 Disturbance Regimes Are Changing

The biomes of the world are characterized by typical disturbance regimes, shaped
by both the prevailing climate and land uses (see Chap. 2). These regimes are cur-
rently undergoing significant change. Climate change is expected to shift distur-
bance regimes and extreme events (IPCC 2021), for example, with changes in the
seasonality of precipitation, an increase of heavy rainfall events, and higher fre-
quencies of strong winds expected for the future. Also, higher temperatures gener-
ally lead to a greater risk of wildfires and an increasing insect activity (see Chap.
16). Along with the changing climate, land use is also changing in manifold ways as
societies adapt to the new environmental conditions (Shukla et al. 2020).
Furthermore, global markets and political decisions trigger land-use changes and
thus changes in the disturbance regimes, for example, in Europe (e.g. the bio-
economy strategy of the EU; European Commission 2017).

Changing disturbances in space and time also pose risks for ecosystem manage-
ment (see Chap. 17). Compared with the situation decades or centuries ago, the
current demands for ecosystem services by society are quite diverse, which is mir-
rored by the growing public awareness since the Rio Convention on Biological
Diversity (UN 1992). Quantifying these ecosystems services (Hassan et al. 2005;
see Chap. 18) and assessing how changing disturbance regimes affect or constrain
these services is an important task for research.

1.4 Who Is This Book For?

The 18 chapters of this textbook provide a broad overview of disturbance-related
research results from various disciplines, with a focus on Central Europe. A total of
31 experts from universities and research institutions in predominantly German-
speaking countries contributed to this textbook and ensure that the broad and diverse
aspects of disturbance ecology are addressed. A previous version of this book was
published in German in 2019 and was the first textbook on the subject of distur-
bance ecology in German. Numerous requests for an English translation demon-
strated the broad interest in the book from colleagues in other parts of Europe and
the world. This English version is addressed to students, researchers, and practitio-
ners from around the world who are interested in a Central European perspective on
disturbance ecology. The current book is a direct translation of the German version
and not a second edition; nevertheless, some references have been updated and
minor corrections were made in the course of the translation. We hope that this book
is not only of interest to colleagues working on issues of disturbance ecology, but
that it is also able to excite colleagues that are new to the field of disturbance ecol-
ogy. Ultimately, we want to share our fascination for disturbance dynamics and
hope to inspire readers to dive into the mesmerizing world of disturbances in nature.


https://doi.org/10.1007/978-3-030-98756-5_2
https://doi.org/10.1007/978-3-030-98756-5_16
https://doi.org/10.1007/978-3-030-98756-5_17
https://doi.org/10.1007/978-3-030-98756-5_18

6 T. Wohlgemuth et al.

References

Braun-Blanquet J (1964) Pflanzensoziologie. Grundziige der Vegetationskunde, 3rd edn, Wien/
New York, 865 p

Bugmann H (1996) A simplified forest model to study species composition along climate gradi-
ents. Ecology 77:2055-2074

Churchill ED, Hansen HC (1958) The concept of climax in arctic and alpine vegetation. Bot Rev
24:127-191

Clements FE (1916) Plant succession: an analysis of the development of vegetation. Carnegie
Institution of Washington, Washington, DC, 515 p

Connell JH (1978) Diversity in tropical rain forests and coral reefs: high diversity of trees and cor-
als is maintained only in a non-equilibrium state. Science 199:1302-1310

Davis MA, Grime JP, Thompson K (2000) Fluctuating resources in plant communities: a general
theory of invasibility. J Ecol 88:528-534

Ellenberg H (1996) Vegetation Mitteleuropas mit den Alpen in 6kologischer, dynamischer und
historischer Sicht (5). Ulmer, Stuttgart, 1095 p

European Commission (2017) Review of the 2012 European bioeconomy strategy. European
Commission, Directorate-General for Research and Innovation: Directorate F Bioeconomy,
Brussels, 84 p

Forcier LK (1975) Reproductive strategies and co-occurrences of climax tree species. Science
189:808-810

Glenn-Lewin DC, van der Maarel E (1992) Pattern and processes of vegetation dynamics. In:
Glenn-Lewin DC, Peet RK, Veblen TT (eds) Plant succession. Chapman and Hall, London,
pp 11-59

Grime JP (1973) Competitive exclusion in herbaceous vegetation. Nature 242:344-347

Gurevich J, Scheiner SM, Fox GA (2006) The ecology of plants. Sinauer, Sunderland, 574 p

Hassan R, Scholes R, Ash N (2005) Millennium ecosystem assessment. In: Ecosystems and human
well-being: current state and trends, vol 1. Island Press, Washington, DC, 917 p

Hector A, Hautier Y, Saner P, Wacker L, Bagchi R, Joshi J, Scherer-Lorenzen M, Spehn EM,
Bazeley-White E, Weilenmann M, Caldeira MC, Dimitrakopoulos PG, Finn JA, Huss-Danell K,
Jumpponen A, Mulder CPH, Palmborg C, Pereira JS, Siamantziouras ASD, Terry AC, Troumbis
AY, Schmid B, Loreau M (2010) General stabilizing effects of plant diversity on grassland pro-
ductivity through population asynchrony and overyielding. Ecology 91:2213-2220

IPCC (2021) Climate Change 2021: the physical science basis. Contribution of Working Group I
to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Masson-
Delmotte V, Zhai P, Pirani A, Connors SL, Péan C, Berger S, Caud N, Chen Y, Goldfarb L,
Gomis MI, Huang M, Leitzell K, Lonnoy E, Matthews JBR, Maycock TK, Waterfield T,
Yelek¢i O, Yu R, Zhou B (eds)]. Cambridge University Press, Cambridge, UK (in press)

Isbell F, Craven D, Connolly J, Loreau M, Schmid B, Beierkuhnlein C, Bezemer TM, Bonin
C, Bruelheide H, de Luca E, Ebeling A, Griffin JN, Guo Q, Hautier Y, Hector A, Jentsch A,
Kreyling J, Lanta V, Manning P, Meyer ST, Mori AS, Naeem S, Niklaus PA, Polley HW, Reich
PB, Roscher C, Seabloom EW, Smith MD, Thakur MP, Tilman D, Tracy BF, van der Putten
WH, van Ruijven J, Weigelt A, Weisser WW, Wilsey B, Eisenhauer N (2015) Biodiversity
increases the resistance of ecosystem productivity to climate extremes. Nature 526:574-577

Jentsch A, Kreyling J, Beierkuhnlein C (2007) A new generation of climate-change experiments:
events, not trends. Front Ecol Environ 5:365-374

Johnson EA, Miyanishi K (2007) Plant disturbance ecology: the process and the response. Elsevier,
Amsterdam, 698 p

Kienast F, Kuhn N (1989) Simulating forest succession along ecological gradients in southern
Central Europe. Vegetatio 79:7-20

Kratochwil A, Schwabe A (2001) Okologie der Lebensgemeinschaften: Biozonologie. Eugen
Ulmer, Stuttgart, 756 p



1 Disturbance Ecology: A Guideline 7

Kulakowski D, Seidl R, Holeksa J, Kuuluvainen T, Nagel TA, Panayotov M, Svoboda M, Thorn S,
Vacchiano G, Whitlock C, Wohlgemuth T, Bebi P (2017) A walk on the wild side: disturbance
dynamics and the conservation and management of European mountain forest ecosystems. For
Ecol Manag 388:120-131

Levin SA, Paine RT (1974) Disturbance, patch formation and community structure. Proc Natl
Acad Sci USA 71:2744-2747

Mueller-Dombois D, Ellenberg H (1974) Aims and methods of vegetation ecology. Wiley,
New York, 547 p

Miiller J (2015) Prozessschutz und Biodiversitit: Uberraschungen und Lehren aus dem Bayerischen
Wald. Natur Landsch 90:421-425

Odum EP, Finn JT, Franz EH (1979) Perturbation theory and the subsidy-stress gradient. Bioscience
29:349-352

Ratcliffe S, Wirth C, Jucker T, van der Plas F, Scherer-Lorenzen M, Verheyen K et al (2017)
Biodiversity and ecosystem functioning relations in European forests depend on environmental
context. Ecol Lett 20:1414-1426

Scherzinger W (1996) Naturschutz im Wald: Qualititsziele einer dynamischen Waldentwicklung.
Eugen Ulmer, Stuttgart, 448 p

Seidl R, Fernandes PM, Fonseca TF, Gillet F, Jonsson AM, Merganicova K, Netherer S, Arpaci
A, Bontemps JD, Bugmann H, Gonzalez-Olabarria JR, Lasch P, Meredieu C, Moreira F,
Schelhaas MJ, Mohren F (2011) Modelling natural disturbances in forest ecosystems: a review.
Ecol Model 222:903-924

Shukla PR, Skea J, Calvo Buendia E, Masson-Delmotte V, Portner H-O, Roberts DC, Zhai P,
Slade R, Connors S, van Diemen R, Ferrat M, Haughey E, Luz S, Neogi S, Pathak M, Petzold
J, Portugal Pereira J, Vyas P, Huntley E, Kissick K, Belkacemi M, Malley J (2020) Climate
Change and Land: an IPCC special report on climate change, desertification, land degradation,
sustainable land management, food security, and greenhouse gas fluxes in terrestrial ecosys-
tems — summary for policymakers (revised version). International Panel on Climate Change
IPCC, 36 p

Sousa WP (1984) The role of disturbance in natural communities. Annu Rev Ecol Syst 15:353-391

Thom D, Seidl R (2016) Natural disturbance impacts on ecosystem services and biodiversity in
temperate and boreal forests. Biol Rev 91:760-781

Thorn S, Bissler C, Brandl R, Burton PJ, Cahall R, Campbell JL, Castro J, Choi CY, Cobb T,
Donato DC, Durska E, Fontaine JB, Gautier S, Hebert C, Hothorn T, Hutto RL, Lee EJ,
Leverkus A, Lindenmayer D, Obrist MK, Rost J, Seibold S, Seidl R, Thom D, Waldron K,
Wermelinger B, Winter B, Zmihorski M, Miiller J (2018) Impacts of salvage logging on biodi-
versity: a meta-analysis. J Appl Ecol 55:279-289

UN (1992) Convention on biological diversity. Rio de Janeiro, 30 p

Walker LR, Wardle DA (2014) Plant succession as an integrator of contrasting ecological time
scales. Trends Ecol Evol 29:504-510

Watt AS (1947) Pattern and process in the plant community. J Ecol 35:1-22

White PS (1979) Pattern, process, and natural disturbance in vegetation. Bot Rev 45:229-299

White PS, Jentsch A (2001) The search for generality in studies of disturbance and ecosystem
dynamics. Prog Bot 62:399-449

White PS, Pickett STA (1985) Natural disturbance and patch dynamics: an introduction. In: Pickett
STA, White PS (eds) The ecology of natural disturbance and patch dynamics. Academic,
New York, pp 3-13



	Chapter 1: Disturbance Ecology: A Guideline
	1.1 Disturbances in Community Ecology and Ecosystem Dynamics
	1.2 Modern Disturbance Research
	1.3 Disturbance Regimes Are Changing
	1.4 Who Is This Book For?
	References


