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Every now and then the usual scenario of fluctu-
ations around trends in ecosystems is interrupted
by sharp shifts to a different regime (Scheffer and
others 2001; Carpenter 2003). Similarly, recon-
structions of past climatic dynamics reveal various
spectacularly rapid changes punctuating episodes of
relative stability (Rial and others 2004), and also
societies are notorious for going through occasional
drastic shifts (Brock 2006). The term ‘regime shift’
originally proposed to describe sharp changes in
oceanic ecosystems (Steele 1996; Hare and Mantua
2000), is increasingly used in a general sense to
refer to such sudden drastic transitions from one
persistent dynamical regime to another.

Regime shifts may be due to different mecha-
nisms, such as a drastic impact on the system, or a
stepwise change in some important external con-
dition. However, of particular interest are regime
shifts that arise because the system reacts sensi-
tively to changing conditions around some critical
threshold. One reason for this can be the existence
of alternative attractors in a system over some
range of conditions. Although this possibility has
been postulated and intensively discussed during
various episodes in the history of ecology (Holling
1973; May 1977), interest increased sharply after
this phenomenon was convincingly demonstrated
for the ecosystems of shallow lakes. In those eco-
systems submerged macrophytes can become
abundant if the water is clear enough, but the
macrophytes also affect many key processes pro-
moting water clarity (Jeppesen and others 1997).
This implies a positive feedback that can cause the
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turbid and a clear state to be alternative attractors
(Scheffer and others 1993).

Much of the work on shallow lakes over the
years has focused on understanding how the
alternative states work, and how manipulation of
fish stocks can be used to tip lakes from a turbid to a
clear state (Moss and others 1996; Jeppesen 1998;
Scheffer 1998). There have been anecdotal
descriptions of lakes shifting in response to an
exceptionally heavy storm (Hamilton and Mitchell
1988), a change in water level (Wallsten and
Forsgren 1989), or unknown causes (Blindow and
others 1997). However, little work had been done
so far on unraveling the mechanisms behind nat-
ural regime shifts in shallow lakes.

In this issue we present a cluster of papers that
address this topic from different perspectives. Al-
though some studies illustrate that speculations can
remain inconclusive even after years of investiga-
tion, others arrive at fundamentally new insights
and hypotheses that, just like the finding of alter-
native stable states, may have parallels and impli-
cations far beyond the realm of limnology.

First, a 30-year in-depth study of Lake Veluwe
provides a detailed view of a classical scenario of
eutrophication and recovery of a shallow lake (Ib-
elings and others 2007). Hysteresis between alter-
native states is apparent in this case study, and it is
argued that the resilience of the clear state depends
critically on a few key species. The remaining
studies all highlight deviations from this classical
scenario.

Two of the papers highlight the remarkable
phenomenon of lakes oscillating between the
contrasting states in a cyclic way. A Dutch and an
English lake seem to have moved from a turbid
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Figure 1. Two newly proposed scenarios of regime shifts
in shallow lakes. (A) Oscillations between a vegetated
and a turbid state may be due to intrinsic differences in
accumulation of phosphorus and organic matter in the
two (van Nes and others 2007). (B) Occasional droughts
push the system to an unstable clear state that represents
the ghost of a stable state. Because droughts happen
every now and then, and the dynamics around such a
ghost are very slow, the lake may be in a transient state
most of the time. Note that the way to interpret such
stability landscapes is that the movement of the ball is
always damped. Imagine that the ball rolls through a
heavily viscous fluid (Van Geest and others 2007).

state to such a cyclic regime upon restoration ef-
forts (van Nes and others 2007) (Figure 1A)
whereas two Swedish lakes appear to have oscil-
lated in an irregular fashion for a century or more
already (Hargeby and others 2007). Van Nes and
others (2007) suggest a mechanism explaining why
under particular conditions lakes with alternative
states may become cyclic. Although the field data
from Swedish and Dutch cyclic lakes are consistent
with this hypothesis, both studies also suggest that
external events such as extreme weather condi-
tions may have played a role in triggering the shifts.
The emerging picture is that of a ‘noisy clockwork’
(Bjornstad and Grenfell 2001). Slow processes
undermine the resilience of each of the alternative
states in turn, allowing stochastic events to trigger
quasi cyclic shifts. Although various studies have
highlighted cyclic shifts in ecosystems, these lake
studies seem to be the first to show how such a
cyclic scenario may arise from an alternative stable
states scenario in a single ecosystem.

A study of 70 floodplain lakes also reveals fre-
quent shifts between alternative states (Van Geest
and others 2007). Here, draw-down of water levels
in dry summers seems to be the main trigger for an

occasional shift from a turbid to a clear state. The
authors suggest that in the absence of such inci-
dental disturbance most of those lakes would be
turbid in view of the high nutrient levels. They also
show that part of the lakes can remain in a tran-
sient clear state for years after the disturbance.
They use models to show that this might theoreti-
cally be explained as the result of a ‘ghost” of the
clear equilibrium. Such a ghost is not stable, but
may still slow down the development towards the
turbid state (Figure 1B). The study supports the
view that transients rather than equilibria may be
the key to understanding some ecological systems
(Hastings 2004). A practical implication is that the
artificial stabilization of water levels in many
shallow lakes in agricultural areas may aggravate
the tendency of such lakes to be in a permanently
turbid state, emphasizing the importance of
restoring the natural regime of fluctuating water
levels.

Most work on shallow lakes has focused on the
role of nutrient levels, water fluctuations and fish
kills in driving shifts between alternative states. A
Danish study in this issue reminds us that large
scale ecosystem shifts may occur if any key-species
is sensitive to an environmental factor that varies
around a critical range (Jeppesen and others 2007).
Combining experiments and field data from 60
brackish lagoons, the authors show that Daphnia,
which is the main grazer controlling phytoplankton
in most lakes, disappears if salinity increases above
some threshold (typically < 29,). This implies that
brackish systems can be quite sensitive to fresh-
water input, and that this is another variable that
might be used for managing the ecological state of
such lakes. It also implies that fish-stock manipu-
lations aimed at cascading effects may not be suc-
cessful if salinity levels are too high to allow
Daphnia to become abundant.

The papers in this issue illustrate that our insight
into the dynamics of shallow lakes around their
‘stable states’ has become much richer over the
years. Other lines of work are revealing the differ-
ent role of fish in (sub)tropical lakes (Lazzaro
1997), the possibility of floating plant dominance as
a third state (Scheffer and others 2003) and the fact
that various lakes appear to show a rather smooth
shift towards the clear state when subjected to
nutrient loading reduction (Jeppesen and others
2005, 2006, in press and unpublished data). We
hope that such elaborations of the theory for the
archetypical system of shallow lakes may keep
inspiring fresh looks at other ecosystems, and help
move the discussion away from the rather sim-
plistic question of whether alternative attractors
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exist or not, towards more realistic visions of when
and how alternative attracting regimes may domi-
nate dynamics.

REFERENCES

Bjornstad ON, Grenfell BT. 2001. Noisy clockwork: time series
analysis of population fluctuations in animals. Science
293:638-43.

Blindow I, Hargeby A, Andersson G. 1997. Alternative stable
states in shallow lakes: what causes a shift?. In: Jeppesen E,
Sendergaard M, Sendergaard M, Christoffersen K, Structuring
role of submerged macrophytes in lakes. Heidelberg: Springer.
p 353-60.

Brock WA. 2006. Tipping points, abrupt changes, and punctu-
ated policy change. In: Repetto R, Punctuated equilibrium and
the dynamics of U.S. Environmental Policy. New Haven (CT):
Yale University Press. p 47-77.

Carpenter SR.. 2003. Regime shifts in lake ecosystems: pattern and
variation. Oldendorf/Luhe: International Ecology Institute.
Hamilton DP, Mitchell SF. 1988. Effects of wind onnitrogen,
phosphorus, and chlorophyll in a shallow New Zealand lake.

Verh Int Ver Theor Angew Limnol 23:624-8.

Hare SR, Mantua NJ. 2000. Empirical evidence for North Pacific
regime shifts in 1977 and 1989. Prog Oceanogr 47:103-45.
Hargeby A, Blindow I, Andersson G. 2007. Long-term patterns of
shifts between clear and turbid states in Lake Krankesjon and

Lake Takern. Ecosystems 10.

Hastings A. 2004. Transients: the key to long-term ecological
understanding?. Trends Ecol Evol 19:39-45.

Holling CS. 1973. Resilience and stability of ecological systems.
Annu Rev Ecol Syst 4:1-23.

Ibelings BW, Portielje R, Lammens EHRR, Noordhuis R, van den
Berg MS, Joosse W, Meijer ML. 2007. Resilience of alternative
stable states during the recovery of shallow lakes from
eutrophication: Lake Veluwe as a case study. Ecosystems 10.

Jeppesen E. 1998. The ecology of shallow lakes—trophic inter-
actions in the pelagial. Silkeborg: National Environmental
Research Institute.

Jeppesen E, Sendergaard M, Sendergaard M, Christoffersen K.
1997. Structuring role of submerged macrophytes in lakes.
Heidelberg: Springer.

Jeppesen E, Jensen JP, Sendergaard M, Lauridsen T. 2005. Re-
sponse of fish and plankton to nutrient loading reduction in 8
shallow Danish lakes with special emphasis on seasonal
dynamics. Freshw Biol 50:1616-27.

Jeppesen E, Sendergaard M, Meerhoff M, Lauridsen TL, Jensen
JP. 2006. Shallow lake restoration by nutrient loading
reduction—some recent findings and challenges ahead. Hyd-
robiologia (in press).

Jeppesen E, Sendergaard M, Pedersen AR, Jiirgens K, Strzelczak
A, Lauridsen TL, Johansson LS. 2007. Salinity induced regime
shift in shallow brackish lagoons. Ecosystems 10.

Lazzaro X. 1997. Do the trophic cascade hypothesis and classical
biomanipulation approaches apply to tropical lakes and res-
ervoirs? Verh Int Ver Theor Angew Limnol 26:719-730.

May RM. 1977. Thresholds and breakpoints in ecosystems with a
multiplicity of stable states. Nature 269:471-7.

Moss B, Madgewick J, Phillips G. 1996. A guide to the restora-
tion of nutrient-enriched shallow lakes. Broads Authority/
Environment Agency, Norfolk.

Rial JA, Pielke RA, Beniston M, Claussen M, Canadell J, Cox P,
Held H, De Noblet-Ducoudre N, Prinn R, Reynolds J, Salas JD.
2004. Nonlinearities, feedbacks and critical thresholds within
the earth’s climate system. Clim Change 65:11-38.

Scheffer M. 1998. Ecology of Shallow Lakes, 1st edn. London:
Chapman and Hall.

Scheffer M, Hosper SH, Meijer ML, Moss B, Jeppesen E. 1993.
Alternative equilibria in shallow lakes. Trends Ecol Evol
8:275-9.

Scheffer M, Carpenter SR, Foley JA, Folke C, Walker B. 2001.
Catastrophic shifts in ecosystems. Nature 413:591-6.

Scheffer M, Szabo S, Gragnani A, van Nes EH, Rinaldi S, Kautsky
N, Norberg J, Roijackers RMM, Franken RJM. 2003. Floating
plant dominance as a stable state. Proc Natl Acad Sci US Am
100:4040-5.

Steele JH. 1996. Regime shifts in fisheries management. Fish Res
25:19-23.

Van Geest GJ, Coops H, Scheffer M, van Nes EH. 2007. Long
transients near the ghost of a stable state in eutrophic shallow
lakes with fluctuating water levels. Ecosystems 10.

van Nes EH, Rip WJ, Scheffer M. 2007. A theory for cyclic shifts
between alternative states in shallow lakes. Ecosystems 10.

Wallsten M, Forsgren PO. 1989. The effects of increased water
level on aquatic macrophytes. J Aquat Plant Manage 27:32-7.



	Regime Shifts in Shallow Lakes
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


