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1 State transitions of ecosystems shifts in ecosystem processes and ecosystem state transitions
is more important than ever.
Ecosystems may rapidly change state when certain thresh-

In this Special Issue of Biogeosciences on “Ecosystemlds, tipping-points or break-points are exceeded (May,
in transition: Interactions and feedbacks with an emphasisl977; Scheffer, 2001). The identification and quantification
on the initial development”, we bring together research onof such thresholds can be challenging, as demonstrated by
ecosystems undergoing state transitions, including artificiallyBestelmeyer et al. (2013), who found surprisingly resilient
created and naturally formed sites, most of them in an initialdesert ecosystems during desertification experiments. Lopez
stage of development. State transitions of an ecosystem magt al. (2013) investigated steppe ecosystems in Patagonia and
occur either when a formerly stable system state is disturbedvere able to establish indices allowing them to identify crit-
or when a developing system gradually achieves new funcical thresholds in the transition between different ecosystem
tions during succession. Thus, state transitions of ecosystenstates. But there remains some controversy if such state tran-
are not necessarily restricted to a deterioration of ecosystemsitions may occur abruptly after a tipping point has been ex-
but can also be observed during initial ecosystem evolution.ceeded. While Scheffer et al. (2001, 2009) emphasise the risk

The subject of ecosystem state transitions emerged if sudden shifts in ecosystem states, Hughes et al. (2013) ar-
the 1970s, when the concepts of “ecosystem stability” andgue that many regime shifts happen slowly over long periods
“resilience” were introduced to describe the risk of sud- of time after a tipping point is exceeded. Such slow changes
den changes of ecosystem properties (Holling, 1973). Maycan easily remain undetected for a long time, causing delay
(1977) pointed out that continuous changes of single ecosysi interventions to reverse or mitigate undesired effects.
tem properties might result in abrupt changes of the whole Scheffer et al. (2001) introduced the idea that ecosystems
system. More recently, Scheffer et al. (2001) developed thecan assume different stable states under the same climatic
topic, and discussed the risk of sudden ecosystem shifts angonditions, and that irrevocable shifts between these states
how to manage them. Potential ecosystem state transitionsan occur. There is now evidence that locations where veg-
have received particular attention in the context of catas-etation zones can exist in such alternative stable states can
trophic shifts or the breakdown of complete ecosystems. Abe suddenly altered and shifted by climatic change (Higgins
well-known and drastic example might be the collapse ofand Scheiter, 2012). Scheffer et al. (2012) investigated this
the Aral Sea during the second half of the 20th century, adype of global warming impact in boreal ecosystems. They
documented e.g. by Singh et al. (2012). Today, against thédentified two competing stable ecosystem states, tree-less
background of global environmental change, understandingundra and different types of boreal forests, and describe the
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risk of substantial shifts between these biomes. Another ex2 The Chicken Creek Project
ample is the increasing global risk of desertification, which
primarily results from direct human influences such as over-Launched in 2005, the objective of the Chicken Creek Project
grazing, but is substantially aggravated by global climateis the study of ecosystem transitions during the initial phase
change (D’Odorico et al., 2013). Rietkerk et al. (2011) dis- of development. The investigations are based on the artificial
cuss the importance of feedbacks between vegetation and cliwatershed Chicken Creek (State of Brandenburg, Germany)
mate processes at different scales, where local state trandier a catchment-scale case study of ecosystem development
tions may result in system changes at larger scales. They sugtarting from a well-defined initial state with no vegetation on
gest that coupling between feedbacks at different scales haghdeveloped soil and with a bottom liner as a well-defined
to be considered and that multi-scale models are needed thydrological lower boundary condition (Elmer, 2013; Ger-
appropriately predict ecosystem responses to climate changain et al. 2010). Additional studies were performed on young
and vice versa (Rietkerk et al., 2011). ecosystems created by natural processes such as the Damma
In most of the above cases, transitions of ecosystem propGlacier forefield in Switzerland (Bernasconi et al., 2011,
erties are directly linked to losses of previous ecosystemDimig et al., 2011, 2012). A first phase of the project was
functions and services and hence to degradation of the exfinished in 2012.
isting systems. In contrast to a negative regression combined The overall objective of the first phase of the Chicken
with the loss of ecosystem functions and services, youngCreek Project was the identification of developmental stages
emerging ecosystems gain new functions during successiorand feedbacks associated with the emergence of new system
For example, Brankatschk et al. (2013) describe the increasstates that could be applied also to ecosystems in general. It
of activities of different N-cycle elements during the devel- was hypothesized that the initial phase in the development
opment of biological soil crusts as early successional stagesf an ecosystem is characterized by less structure, hetero-
of terrestrial ecosystems: Whereas heterotrophic processegeneity and complexity than later phases and that the anal-
and an absence of N accumulation characterize the first staggsis of young ecosystems in their initial stages thus could
the mature stage of these soil crusts is similar to developegbrovide better insights into ecosystem functioning (Schaaf et
ecosystems and dominated by internal N-cycling processesil., 2011; Raab et al., 2012). Further, the characteristics of
Another example is secondary succession of abandoned agecosystem structures and processes can be interpreted as in-
cultural sites where net ecosystem production is shifting fromdicators of the state of the whole system. The following three
negative (carbon losses) to positive (carbon sequestration) sgystem categories may be distinguished in the sequence of
demonstrated by Wang and Epstein (2013). stages during early ecosystem development: (1) a more or
In many cases ecosystem state transitions are very difficulless abiotic geo-system, followed by (2) a hydro-geo-system
to predict, and both scientists and natural resources manage&snd eventually (3) a bio-hydro-geo-system (Schaaf et al.,
may be unprepared for early responses to change. Drivers ¢f011).
shifts are usually identified only in retrospect, and often with  The Chicken Creek ecosystem development was unexpect-
little data collected during the transition. This situation is edly rapid in the very first years, showing a surprisingly fast
well illustrated by long-term monitoring data from the Hub- increase in complexity of patterns and structures in this pro-
bard Brook Experimental Forest revealing the hydrologicalcess (Gerwin et al., 2011; Elmer et al., 2013). The project
effects climate change can have on forest catchments (Groffdemonstrates that artificial landscape units like the Chicken
mann et al., 2012). However, the authors emphasize that gredireek catchment are perfectly appropriate to be used as ob-
care is necessary to interpret these ecosystem state transitioagrvatories for studying initial stages of ecosystem develop-
in response to natural and human disturbances. Looking foment in their full complexity under real-world conditions. In
early warning signals, Scheffer et al. (2009) postulated thagddition, artificial ecosystems are particularly well suited to
increasing autocorrelation in long-term time series could becommunicate ecosystem research to the general public.
such a signal. They found evidence for this hypothesis by
analyzing abrupt climatic shifts in Earth’s history suggesting
that such shifts were often preceded by a characteristic slow3 Initialization of ecosystems and the initial
ing of fluctuations in measurable parameters, expressed as development phase
increasing autocorrelation (Dakos et al., 2008). On a much
smaller scale, similar results were obtained by Zaplata efThe initial state of an ecosystem, as represented by the
al. (2013), who found that transition phases in ecosystenChicken Creek catchment, can result from severe disturbance
development could be identified by increasing spatial auto-destroying a previous ecosystem. In contrast to frequent
correlation among vegetation patterns. The latter study wasnormal” disturbance regimes, large, infrequent disturbances
carried out in the framework of the “Chicken Creek Project” (LIDs) are defined as events that result in complete degra-
and this Special Issue presents key findings of this project. dation of an ecosystem (Turner and Dale, 1998) and put an
ecosystem back to “point zero”. Well-known studies dealing
with the effects of LIDs on ecosystems are the investigations
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at Surtsey Island near Iceland in the 1960s and 70s (Fridriksissue. In contrast, human disturbances are often associated
son, 2005) or the research conducted on ecosystem recowith the deposition of substrates that are very different from
ery following the eruption of Mount St. Helens (USA) in the those of the surroundings as for example in mining land-
1980s (e.g. Bishop, 2002; del Moral and Bliss, 1993). Thisscapes. In that case, ecosystem development will be more
research brought important insights into primary successionsolated from neighboring ecosystems, and thus is likely to
processes, particularly from a biological point of view. In be more autochthonous and exhibiting stronger island ef-
general, only limited interdisciplinary knowledge exists on fects. Generally, it can be expected that primary succession is
the very initial phase of ecosystem development, althougHess predictable the larger the disturbance was that destroyed
the course of development at this stage may play a decisivéhe previous ecosystem and the more dissimilar the substrate
role for the development at later stages. Even “small differ-of the newly developing ecosystem is from the surrounding
ences early in the process can ramify over time”, as pointececosystems (Turner et al., 1998).
out by Walker and del Moral (2003, p. 329). Following Hartvigsen et al. (1998), ecosystems can be
The central question here is: What is specific for the initial considered classic examples of complex adaptive systems
phase of ecosystem development, and how can its end be d€€AS), which are systems with a large number of interact-
fined? Walker and del Moral (2003) stated that the end of pri-ing and adapting components, also called “agents”. There are
mary succession and the beginning of secondary successianany other types of CAS apart from ecosystems (Holland,
lack proper definitions. With regard to the development of 2006). With regard to ecosystems, Levin (1998) pointed out
vegetation cover, they conclude that primary succession cathat aggregation and assembly of agents during ecosystem
be considered complete “if vegetation change (or any othegenesis could be understood as the result of self-organization
parameter of interest) is slowed and a relative equilibrium exsprocesses. While these processes also govern the later devel-
ists for an extended period of time” (Walker and del Moral, opment of the system, the local rules of interactions among
2003, p. 12). In a similar way, Raab et al. (2012) tried to de-agents will change during the system’s evolution resulting
fine the initial phase of the development of an ecosystem a@ potentially alternative stable states. Being self-organizing
the highly dynamic period of time between a severe distur-adaptive systems, ecosystems gain resilience against distur-
bance event and the establishment of a first dynamic equilibbances, in contrast to intensively managed systems in agri-
rium with regard to element cycling. However, primary suc- culture or forestry (Levin, 1998). Marsh ecosystems provide
cession is not always linear and a well-defined equilibriuman illustrative example for increasing resilience during ini-
as the endpoint of initial ecosystem development will only tial ecosystem development resulting from self-organization.
rarely exist (Walker and del Moral, 2003). According to a recent study by Marani et al. (2013), marsh
White and Pickett (1985) characterized disturbances thavegetation inadvertently “engineers” the landscape by a
cause the initialization of an ecosystem as relatively discretesystem of feedbacks that results in tuning soil elevation
events in time altering, e.g., resources or substrate availabilwithin preferential ranges of optimal adaptation. Rietkerk et
ity. Based on this, we suggest an additional definition for theal. (2011) give further examples in which vegetation func-
initial state of ecosystem#in initial ecosystem is charac- tions like an “ecosystem engineer” by means of feedback
terized by a recent discontinuity in its abiotic site conditions loops adapting the abiotic environment in a way that im-
compared to a previous state. This discontinuity is resultingproves the conditions for its own survival.
from a severe disturbance that altered the parental material
by removing and relocating the existing soil, or by accumu-
lating allochthonous substrate$herefore, the new ecosys- 4 This Special Issue — case studies of initial ecosystems
tem is not directly linked by “geological memory effects” to
structural properties of the previous ecosystem, in contrast td his special issue presents a collection of observational and
systems undergoing a secondary succession that are shapexpberimental studies that focus on processes occurring dur-
by structures remaining from the preceding system. As a coning state transitions in the development of ecosystems and
sequence, initial ecosystems are typically disconnected fronprovide insights into the feedback mechanisms controlling
their surroundings and exhibit “island” properties. them. These state transitions are studied at multiple scales,
In this regard, it can be relevant whether the discontinuityranging from the pore scale to the catchment scale. The con-
in the development of the substrate is due to natural or antributions collected in this issue can be divided into two main
thropogenic factors. In case of a natural disturbance, the newgroups: (i) studies dealing with state transition occurring in
ecosystem is more likely to develop similar properties with initial ecosystems without active human interference, and (ii)
time as surrounding mature ecosystems, because if there astudies dealing with active restoration of ecosystems after se-
undisturbed sites in the neighborhood with similar geologicalvere disturbances.
conditions plants and animals can invade from there. Such al- In the first group of papers, several contributions deal with
lochthonous control of primary succession can be found e.gmicrobial processes during initial ecosystem development.
in cases of ecosystem destruction due to volcanic activities aSchulz et al. (2013a) provide a general review on the role
described by Mueller-Dombois and Boehmer (2013) in thisof microorganisms for initial soil development emphasizing
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the importance of well-established biotic-abiotic interactions However, understanding the dynamics of initial ecosys-
for ecosystem functioning. Two other papers by Schulz ettem development still remains a challenge. Many interac-
al. (2013b) and Esperschitz et al. (2013) present findingsions between structures and processes as well as feedbacks
with regard to N-fixation and litter decomposition in early of the initial ecosystem phase are still unclear. The mentioned
state ecosystems. Risse-Buhl et al. (2013) show the imporChicken Creek project led to a number of results that are of
tance of “old” inherited organic carbon for young ecosystemsimportance for the understanding of initial ecosystem state
as a nutrient source for microorganisms. Another group oftransitions (see Huttl et al., 2013): It was found that the basic
papers addresses feedbacks between abiotic and biotic struassumption of low heterogeneity and structuring of ecosys-
tures and the formation of patterns during ecosystem develtems in their initial stage was essentially correct. Though
opment. Fischer et al. (2012) show that biocrusts developsmall, it seems that these heterogeneities were of great im-
ing on bare surfaces of initial soils can have direct feedbackgortance for the later development of the system, however, as
effects on physical site conditions. Biber et al. (2013) ana-highlighted by Felderer et al. (2013) and Biber et al. (2013)
lyze relationships between initial site conditions and evolv-in this issue. This relates to earlier publications from the
ing vegetation patterns, whilst Felderer et al. (2013) inves-Chicken Creek project, which show that slight differences in
tigate strategies of plants to forage for phosphorus as a soBubstrate properties influenced hydrological pathways, such
nutrient that is often of very low availability in initial ecosys- as erosion rill patterns (Hofer et al., 2012) and groundwater
tems. Finally, Mueller-Dombois and Boehmer (2013) sum-flow patterns (Hofer et al., 2011).
marize the long-term primary succession of Hawaiian rain- In addition, papers of this issue show that soil crusts of
forest ecosystems which may serve as reference sites for inboth physical and biological nature can be of great im-
tial ecosystems due to frequent disturbances by volcanism. portance in initial ecosystems also in a temperate climate
The other papers deal with examples of management pradSchulz et al., 2013a, Fischer et al., 2012). Such crusts tend
tices for ecosystems after severe disturbance. Papers by Atie promote surface runoff due to soil surface sealing, which
det et al. (2013); Cohen-Fernandez and Naeth (2013) an@npedes water infiltration as shown earlier by Fischer et
Quideau et al. (2013) highlight various aspects, methods andl. (2010). Given a lack of preferential flow paths created by
boundary conditions of mine site restoration in Australia andburrowing soil fauna (Badorreck et al., 2012) or root chan-
Canada. The overall aim of mine site restoration is the rapidnels, they could explain why surface runoff can be unex-
establishment of desired target vegetation or the acceleratiopectedly high and potentially underestimated in modeling at-
of natural revegetation. The success of such restoration degempts of initial systems (Hollander et al., 2009).
pends on many factors, and the paper by Schulz et al. (2013a) Another important finding from the Chicken Creek catch-
comes to the conclusion that “simple” management stratement reported in this issue is the role of “old” organic carbon
gies like reforestation, irrigation or fertilization do not guar- in initial ecosystems (Risse-Buhl et al., 2013), a phenomenon
antee accelerated ecosystem development, as biotic-abiottbat had also been observed in other types of young ecosys-
interactions still have to establish at very young sites, whichtems (Hood et al., 2009; Guelland et al., 2013). This im-
requires better understanding of the specific functioning ofportance of allochthonous material for initial microbial pro-
initial ecosystems. cesses corresponds to the findings Schulz et al. (2013a) pre-
sented in this issue. They show that the initial nitrogen budget
was found to be dominated by decomposition of deposited
5 Central findings from initial ecosystem research organic compounds in the Damma glacier forefield (see also
Brankatschk et al., 2011).
The examples presented in his Special Issue support the It can be summarized that proper prediction of develop-
above suggested importance of geological discontinuitiesnent and responses of landscapes, particularly under global
and substrate properties for initial ecosystems as introducedhange conditions are still limited. However, for improved
in the definition. Particularly the example of the Hawaiian ecological restoration and management approaches knowl-
rainforest evolution and its reaction on disturbances by vol-edge of structures and processes during the initial develop-
canic activities illustrates the initialization of ecosystems by ment of the ecosystem is necessary. Studies of initial ecosys-
geological processes (Mueller-Dombois and Boehmer, 2013tems like those presented in this Special Issue may help to
this issue). Highly complex process networks and abiotic-deduce required new theoretic ecological concepts.
biotic interactions are active during initial ecosystem de-
velopment to transform substrates to soils as described by
Schulz et al. (2013a) in this issue. This central importance OfReferences
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this issue. 6545-6557, dot:0.5194/bg-10-6545-2012013.

Biogeosciences, 11, 19360, 2014 www.biogeosciences.net/11/195/2014/


http://dx.doi.org/10.5194/bg-10-6545-2013

R. F. Httl et al.: Editorial “Ecosystems in transition” 199

Badorreck, A., Gerke, H. H., and Huittl, R. F.: Effects of ground- the initial evolution of organo-mineral associations, Geochim.
dwelling beetle burrows on infiltration patterns and pore structure  Cosmochim. Ac., 85, 1-18, dd0.1016/j.gca.2012.01.046
of soil surface in the initial soil development stage, Vadose Zone 2012.

J., 11, doi10.2136/vzj2011.01Q2012. Elmer, M., Gerwin, W., Schaaf, W., Zaplata, M. K., Hohberg,
Bernasconi, S. M., Bauder, S., Bourdon, B., Brunner, I., Bune- K., Nenov, R., Bens, O., and Huttl, R. F.: Dynamics of ini-
mann, E., Christl, I., Derungs, N., Edwards, P., Farinotti, D., tial ecosystem development at the artificial catchment Chicken

Frey, B., Frossard, E., Furrer, G., Gierga, M., Géransson, H., Creek, Lusatia, Germany, Environ. Earth Sci., 69, 491-505,
Gilland, K., Hagedorn, F., Hajdas, ., Hindshaw, R., lvy-Ochs,  do0i:10.1007/s12665-013-2330-2013.

S., Jansa, J., Jonas, T., Kiczka, M., Kretzschmar, R., LemarcEsperschitz, J., Zimmermann, C., Dimig, A., Welzl, G., Buegger,
hand, E., Luster, J., Magnusson, J., Mitchell, E. A. D, Ven- F., Elmer, M., Munch, J. C., and Schloter, M.: Dynamics of mi-

terink, H. O., Plétze, M., Reynolds, B., Smittenberg, R. H.,  crobial communities during decomposition of litter from pioneer-

Stahli, M., Tamburini, F., Tipper, E. T., Wacker, L., Welc, M., ing plants in initial soil ecosystems, Biogeosciences, 10, 5115—
Wiederhold, J. G., Zeyer, J., Zimmermann, S., and Zumsteg, A.: 5124, doi10.5194/bg-10-5115-2012013.

Chemical and Biological Gradients along the Damma Glacier Felderer, B., Boldt-Burisch, K. M., Schneider, B. U., Hiittl, R. F. J.,

Soil Chronosequence, Switzerland, Vadoze Zone J., 10, 867— and Schulin, R.: Root growth of Lotus corniculatus interacts with

883, d0i10.2136/vzj2010.0122011. P distribution in young sandy soil, Biogeosciences, 10, 1737—

Bestelmeyer, B. T., Duniway, M. C., James, D. K., Burkett, L. M., 1749, d0i10.5194/bg-10-1737-2013013.
and Havstad, K. M.: A test of critical thresholds and their indica- Fischer, T., Veste, M., Bens, O. and Hiittl, R. F.: Dew formation
tors in a desertification-prone ecosystem: more resilience than we on the surface of biological soil crusts in central European sand
thought, Ecol. Lett., 16, 339-345, db2.1111/ele.12042013. ecosystems, Biogeosciences, 9, 4621-4628,1dd4194/bg-9-

Biber, P., Seifert, S., Zaplata, M. K., Schaaf, W., Pretzsch, H., and 4621-20122012.

Fischer, A.: Relationships between substrate, surface charactefFischer, T., Veste, M., Wiehe, W., and Lange, P.: Water repellency
istics, and vegetation in an initial ecosystem, Biogeosciences, 10, and pore clogging at aearly successional stages of microbiotic
8283-8303, doi:0.5194/bg-10-8283-2012013. crusts on inland dunes, Brandenburg, NE Germany, Catena, 80,

Bishop, J. G.. Early primary succession on Mount St. 47-52,doi10.1016/j.catena.2009.08.Q®10.

Helens: Impact of insect herbivores on colonizing Fridriksson, S.: Surtsey, Ecosystems formed, University of Iceland,
lupines, Ecology, 83, 191-202, db@.1890/0012- Reykjavik, 2005.
9658(2002)083[0191:EPSOMS]2.0.CO2D02. Gerwin, W., Schaaf, W., Biemelt, D., Elmer, M., Maurer, T.

Brankatschk, R., Fischer, T., Veste, M., and Zeyer, J.: Succession and Schneider, A.: The artificial catchment “Hiuhnerwasser”
of N cycling processes in biological soil crusts on a Central (Chicken Creek): Construction and initial properties, Ecosystem
European inland dune, FEMS Microbiol. Ecol., 83, 149-160, Development, 1, Brandenburg University of Technology, Cot-
doi:10.1111/j.1574-6941.2012.014592013. tbus, urn:nbn:de:kobv:col-opus-20725, 2010.

Brankatschk, R., Téwe, S., Leineidam, K., Schloter, M., and Zeyer,Gerwin, W., Schaaf, W., Biemelt, D., Winter, S., Fischer, A., Veste,
J.: Abundances and potential activities of nitrogen cycling com- M. and Httl, R. F.: Overview and first results of ecological moni-
munities along a chronosequence of a glacier forefield, ISME J., toring at the artificial watershed Chicken Creek (Germany), Phys.
5, 1025-1037, dal:0.1038/ismej.2010.182011. Chem. Earth, 36, 61-73, dtD.1016/j.pce.2010.11.002011.

Cohen-Fernandez, A. C. and Naeth, M. A.: Erosion control Groffmann, P. M., Rustad, L. E., Templer, P. H., Campbell, J.
blankets, organic amendments and site variability influenced L., Christenson, L. M., Lany, N. K., Socci, A. M., Vadebon-
the initial plant community at a limestone quarry in the coeur, M. A, Schaberg, P. G., Wilson, G. F., Driscoll, C. T.,
Canadian Rocky Mountains, Biogeosciences, 10, 5243-5253, Fahey, T. J., Fisk, M. C., Goodale, C. L., Green, M. B., Ham-
doi:10.5194/bg-10-5243-2012013. burg, S. P., Johnson, C. E., Mitchell, M. J., Morse, J. L.,

D’Odorico, P., Bhattachan, A., Davis, K. F., Ravi, S., and Runyan, Pardo, L. H., and Rodenhouse, N. L.: Long-term integrated
C. W.: Global desertification: Drivers and feedbacks, Adv. Wa-  studies show complex and surprising effects of climate change
ter Resour., 51, 326-344, dbd.1016/j.advwatres.2012.01.013 in the northern hardwood forest, Bioscience, 62, 1056—1066,
2013. doi:10.1525/bi0.2012.62.12.2012.

Dakos, V., Scheffer, M., van Nes, E. H., Brovkin, V., Petoukhov, Guelland, K., Hagedorn, F., Smittenberg, R. H., Géransson, H.,
V., and Held, H.: Slowing down as an early warning signal for ~ Bernasconi, S. M., Hajdas, I., and Kretzschmar, R.: Evolution
abrupt climate change, P. Natl. Acad. Sci. USA, 105, 14308- of carbon fluxes during initial soil formation along the forefield
14312, doii0.1073_pnas.08024301,0%08. of Damma glacier, Switzerland, Biogeochemistry, 113, 545-561,

del Moral, R. and Bliss, L. C.: Mechanisms of primary succession: doi:10.1007/s10533-012-9785-2013.
insights resulting from the eruption of Mount St. Helens, Adv. Hartvigsen, G., Kinzig, A., and Peterson, G.: Use and Analysis of
Ecol. Res., 24, 1-66, 1993. Complex Adaptive Systems in Ecosystem Science: Overview of

Dimig, A., Smittenberg, R., and Kégel-Knabner, I.: Concurrent  Special Section, Ecosystems, 1, 427—-430, 1998.
evolution of organic and mineral components during initial soil Higgins, S. I. and Scheiter, S.: Atmospheric £f0rces abrupt veg-
development after retreat of the Damma glacier, Switzerland, etation shifts locally, but not globally, Nature, 488, 209-212,
Geoderma, 163, 83-94, dbd.1016/j.geoderma.2011.04.006 doi:10.1038/nature11232012.

2011. Hofer, M., Lehmann, P., Biemelt, D., Stahli, M., and Krafczyk,

Dumig, A., Hausler, W., Steffens, M., and Kégel-Knabner, I.: Clay = M.: Modelling subsurface drainage pathways in an ar-
fractions from a soil chronosequence after glacier retreat reveal

www.biogeosciences.net/11/195/2014/ Biogeosciences, 11,2052014


http://dx.doi.org/10.2136/vzj2011.0109
http://dx.doi.org/10.2136/vzj2010.0129
http://dx.doi.org/10.1111/ele.12045
http://dx.doi.org/10.5194/bg-10-8283-2013
http://dx.doi.org/10.1890/0012-9658(2002)083[0191:EPSOMS]2.0.CO;2
http://dx.doi.org/10.1890/0012-9658(2002)083[0191:EPSOMS]2.0.CO;2
http://dx.doi.org/10.1111/j.1574-6941.2012.01459.x
http://dx.doi.org/10.1038/ismej.2010.184
http://dx.doi.org/10.5194/bg-10-5243-2013
http://dx.doi.org/10.1016/j.advwatres.2012.01.013
http://dx.doi.org/10.1073_pnas.0802430105
http://dx.doi.org/10.1016/j.geoderma.2011.04.006
http://dx.doi.org/10.1016/j.gca.2012.01.046
http://dx.doi.org/10.1007/s12665-013-2330-2
http://dx.doi.org/10.5194/bg-10-5115-2013
http://dx.doi.org/10.5194/bg-10-1737-2013
http://dx.doi.org/10.5194/bg-9-4621-2012
http://dx.doi.org/10.5194/bg-9-4621-2012
http://dx.doi.org/10.1016/j.catena.2009.08.009
http://dx.doi.org/10.1016/j.pce.2010.11.003
http://dx.doi.org/10.1525/bio.2012.62.12.7
http://dx.doi.org/10.1007/s10533-012-9785-1
http://dx.doi.org/10.1038/nature11238

200 R. F. Huttl et al.: Editorial “Ecosystems in transition”

tificial catchment, Phys. Chem. Earth, 36, 101-112, cal transitions in the climate, Ecol. Complex., 8, 223-228,
doi:10.1016/j.pce.2010.04.020011. doi:10.1016/j.ecocom.2011.03.002011.

Hofer, M., Lehmann, P., Stahli, M., Seifert, S., and Krafczyk, M.: Risse-Buhl, U., Hagedorn, F., Dimig, A., Gessner, M. O., Schaaf,
Two apporaches to modeling the initiation and development of W., Nii-Annang, S., Gerull, L., and Mutz, M.: Dynamics, chemi-
rills in a man-made catchment, Water Resour. Res., 48, W01531, cal properties and bioavailability of DOC in an early successional

doi:10.1029/2011WR010712012. catchment, Biogeosciences, 10, 4751-476510d6:194/bg-10-
Holland, J. H.: Studying complex adaptive systems, J. Syst. Sci. 4751-20132013.
Complex., 19, 1-8, 2006. Schaaf, W., Bens, O., Fischer, A., Gerke, H.H., Gerwin, W.,

Hollander, H. M., Blume, T., Bormann, H., Buytaert, W., Chirico, Grinewald, U., Hollander, H.M., Kdégel-Knabner, I., Mutz,
G. B., Exbrayat, J.-F., Gustafsson, D., Holzel, H., Kraft, P., M., Schloter, M., Schulin, R., Veste, M., Winter, S., and
Stamm, C., Stoll, S., Bléschl, G., and Flahler, H.: Comparative  Hittl, R. F.: Patterns and processes of initial terrestrial ecosys-
predictions of discharge from an artificial catchment (Chicken tem development, J. Plant Nutr. Soil Sc., 174, 229-239,
Creek) using sparse data, Hydrol. Earth Syst. Sci., 13, 2069— do0i:10.1002/jpIn.20100015&011.

2094, doi10.5194/hess-13-2069-20009. Scheffer, M., Bascompte, J., Brock, W. A., Brovkin, V., Carpenter,
Holling, C. S.: Resilience and stability of ecological systems, Annu.  S. R., Dakos, V., Held, H., van Nes, E. H., Rietkerk, M., and Sug-
Rev. Ecol. Syst., 4, 1-23, 1973. ihara, G.: Early-warning signals for critical transitions, Nature,

Hood, E., Fellman, J., Spencer, R. G. M., Hernes, P. J., Edwards, 461, 53-59, doi0.1038/nature08222009.
R., Amore, D. D. and Scott, D.: Glaciers as a source of ancientScheffer, M., Carpenter, S., Foley, J. A., Folke, C., and Walder,
and labile organic matter to the marine environment, Nature, 462, B.: Catastrophic shifts in ecosystems, Nature, 413, 591-596,

1044-1048, dok0.1038/nature0858@009. doi:10.1038/350980Q(2001.

Hughes, T. P, Linares, C., Dakos, V., van de Leemput, I. A., andScheffer, M., Hirota, M., Holmgren, M., Van Nes, E. H., and Chapin
van Nes, E. H.: Living dangerously on borrowed time during I, F. S.: Thresholds for boreal biome transitions, P. Natl. Acad.
slow, unrecognized regime shifts, Trends Ecol. Evol., 28, 149— Sci. USA, 109, 21384-21389, db0.1073/pnas.1219844110
155, doi10.1016/j.tree.2012.08.022013. 2012.

Huttl, R. F., Koégel-Knabner, 1., Schulin, R., and Gerwin, W. (Eds.): Schulz, S., Brankatschk, R., Dumig, A., Kogel-Knabner, I.,
Structures and processes oft he initial ecosystem development Schloter, M., and Zeyer, J.: The role of microorganisms at differ-
phase in an artificial water catchment (Final report CRC/TR 38), ent stages of ecosystem development for soil formation, Biogeo-
Ecosystem Development, 4, Brandenburg University of Technol-  sciences, 10, 3983-3996, dif):5194/bg-10-3983-2012013a.

ogy, Cottbus, urn:nbn:de:kobv:col-opus-28658, 2013. Schulz, S., Engel, M., Fischer, D., Buegger, F., EImer, M., Welzl,
Levin, S. A.: Ecosystems and the biosphere as Complex Adaptive G., and Schloter, M.: Diversity pattern of nitrogen fixing mi-

Systems, Ecosystems, 1, 431-436, 1998. crobes in nodules of Trifolium arvense (L.) at different initial
Lépez, D. R., Brizuela, M. A., Willems, P., Aguiar, M. R., Siffredi, stages of ecosystem development, Biogeosciences, 10, 1183—

G., and Bran, D.: Linking ecosystem resistance, resilience, and 1192, doi10.5194/bg-10-1183-2012013b.

stability in steppes of North Patagonia. Ecol. Indic., 24, 1-11, Singh, A., Seitz, F., and Schwatke, C.: Inter-annual water storage

doi:10.1016/j.ecolind.2012.05.0,12013. changes in the Aral Sea from multi-mission satellite altimetry,
Marani, M., Da Lio, C., and D’Alpaos, A.. \egetation en- optical remote sensing, and GRACE satellite gravimetry, Remote

gineers marsh morphology through multiple competing sta- Sens. Environ., 123, 187-195, dd:1016/j.rse.2012.01.001

ble states, P. Natl. Acad. Sci. USA, 110, 3259-3263, 2012.

doi:10.1073/pnas.12183271,12013. Turner, M. G, Baker, W. L., Peterson, C. J., and Peet, R. K.: Fac-
May, R. M.: Thresholds and breakpoints in ecosystems with a mul- tors influencing succession: lessons from large, infrequent natu-
tiplicity of stable states, Nature, 269, 471-477, 1977. ral disturbances, Ecosystems, 1, 511-523, 1998.

Mueller-Dombois, D. and Boehmer, H. J.: Origin of the Hawai- Turner, M. G. and Dale, V. H.: Comparing large, infrequent distur-
ian rainforest ecosystem and its evolution in long-term primary  bances: What have we learned? Ecosystems, 1, 493-496, 1998.
succession, Biogeosciences, 10, 5171-5182104194/bg-10-  Walker, L. R. and del Moral, R.: Primary succession and ecosystem
5171-20132013. rehabilitation, Cambridge University Press, Cambridge, 2003.

Quideau, S. A., Swallow, M. J. B., Prescott, C. E., Grayston, S.Wang, J. and Epstein, H. E.: Estimating carbon source-sink transi-
J., and Oh, S.-W.: Comparing soil biogeochemical processes in tion during secondary succession in a Virginia valley, Plant Soil,
novel and natural boreal forest ecosystems, Biogeosciences, 10, 362, 135-147, do10.1007/s11104-012-1268-B013.

5651-5661, doi:0.5194/bg-10-5651-2012013. White, P. S. and Pickett, S. T. A.: Natural disturbance and patch

Raab, T., Krummelbein, J., Schneider, A., Gerwin, W., Maurer, dynamics: an introduction, in: Pickett, S. T. A. and White, P. S.
T., and Naeth, A.: Initial ecosystem processes as key factors of (Eds.): The ecology of natural disturbance and patch dynamics,
landscape development — a review, Phys. Geogr., 33, 305-343, Academic Press, San Diego, London, 3-13, 1985.
doi:10.2747/0272-3646.33.4.308012. Zaplata, M. K., Winter, S., Fischer, A., Kollmann, J., and Ul-

Rietkerk, M., Brovkin, V., van Bodegom, P. M., Claussen, rich, W.: Species-driven phases and increasing structure in
M., Dekker, S. C., Dijstra, H. A., Goryachkin, S. V., Ka- early-successional plant communities, Am. Nat., 181, E17-E27,
bat, P.,, van Nes, E. H., Neutel, A.-M., Nicholson, S. E., do0i:10.5061/dryad.4411{2013.

Nobre, C., Petoukhov, V., Provenzale, A., Scheffer, M. and
Seneviratne, S. |.. Local ecosystem feedbacks and criti-

Biogeosciences, 11, 19360, 2014 www.biogeosciences.net/11/195/2014/


http://dx.doi.org/10.1016/j.pce.2010.04.020
http://dx.doi.org/10.1029/2011WR010719
http://dx.doi.org/10.5194/hess-13-2069-2009
http://dx.doi.org/10.1038/nature08580
http://dx.doi.org/10.1016/j.tree.2012.08.022
http://dx.doi.org/10.1016/j.ecolind.2012.05.014
http://dx.doi.org/10.1073/pnas.1218327110
http://dx.doi.org/10.5194/bg-10-5171-2013
http://dx.doi.org/10.5194/bg-10-5171-2013
http://dx.doi.org/10.5194/bg-10-5651-2013
http://dx.doi.org/10.2747/0272-3646.33.4.305
http://dx.doi.org/10.1016/j.ecocom.2011.03.001
http://dx.doi.org/10.5194/bg-10-4751-2013
http://dx.doi.org/10.5194/bg-10-4751-2013
http://dx.doi.org/10.1002/jpln.201000158
http://dx.doi.org/10.1038/nature08227
http://dx.doi.org/10.1038/35098000
http://dx.doi.org/10.1073/pnas.1219844110
http://dx.doi.org/10.5194/bg-10-3983-2013
http://dx.doi.org/10.5194/bg-10-1183-2013
http://dx.doi.org/10.1016/j.rse.2012.01.001
http://dx.doi.org/10.1007/s11104-012-1268-6
http://dx.doi.org/10.5061/dryad.4411b

