Diatomflickeringpriortoregimeshift

ARISINGFROM RWangetalNatured92,419-422(2012)

Potentialearlywarningsignalsforregimeshiftsarestudiedintensively
inthefieldofecology '"*Wangandcolleagues ' investigatedchangesin
thesedimentdiatomcompositionofLakeErhai,China,andconcluded
thataregimeshiftindiatomassemblagesthatoccurredaround2001
wasprecededbyflickeringbehaviourfor 10to30years. Wepropose
thattheirresultsmaybemorereflectiveoftheirdataprocessingthanof

the diatom data. Although flickering behaviour before regime shifts
maybeobservedinsomepalaeoenvironmentalrecords, wequestion
whether thisbehaviourappliesto diatomsin Lake Erhai. Thereisa
ReplytothisBriefCommunication ArisingbyWang,R.etal .Nature
498,http://dx.doi.org/10.1038/nature12273(2013).

Wangetal. ' basetheir conclusions on changes in standard devi-
ation, skewness and lagl autocorrelation of the diatom assemblage
composition (detrended correspondence analysis; DCA) and its
diversity (Hill’s diversity index N2; HDI) in a sediment core. The
statistics were calculated with a 59-year slidingwindow on theresi-
dualsfromalinearlyinterpolatedtimeseries,detrendedbysubtracting
asmoothexponentialmovingaverage.

We were intrigued by these results, and while investigating the
underlyingstatisticalanalyses,wenoticedthreepoints.First,decreas-
ingtimeresolutionwithdepthimpliesthatsamplesrepresentapprox-
imately lyear in the upper part and approximately 4years in the
deeperpartofthesediment profile (SupplementaryFig.2inref. 1).
Greatertemporalaggregationinthedeeperprofilereducesthetem-
poral variation in diatom composition, giving a reduced standard
deviationfortheoldestdata.Second,linearinterpolationtoproduce
anannualtimeseriesaltersthestatisticalpropertiesofthetimeseries
by reducing the standard deviation, increasing autocorrelation and
broadeningtheexpecteddistributionofskewness  °.Coarserresolution
inthe older sediment results in more interpolated values and thus
lower standard deviation and higher autocorrelation. Third, their
detrending does not subtract a smooth curve, but a phase-shifted
version of the original data with a tendency to overshoot when the
originalcurvechangesdirection. Thisresultsinlargeresidualswhen
thereareabruptchangesinthedata. Theseareexpectedinthehighest
resolution partofthecore, wherethereisleastaveragingandinter-
polation.Thesensitivitytestsapplied ' donotseemtoaddressfullythe
fundamentalproblemsofunevenlyspacedtemporaldata  °.

Toassessthenullexpectationoftheirmethods,weusedasimulated
timeserieswithmeancharacteristicssimilartothoseoftheDCA
addeduncorrelated noise (Fig. 1a). Randomvariation oftheunder-
lyingsimulated time seriesisreduced unevenly by aggregation that
mimics the sediment sampling from Lake Erhai and interpolation
(Fig.1b).Standarddeviationisreducedbyfactorsofapproximately6
intheolderdataandapproximately3inthemorerecentdata(Fig.1c).
Theincreaseinstandarddeviationovertimereportedinthepaperby
Wangetal. ' hasasimilarmagnitudetothatexpectedfromapurely
randomprocessanalysedwiththeirmethods.Theskewnessbroadens
whentheslidingwindowspansdatawithvaryingstandarddeviations,
andthereisaslightshifttowardsnegativevalues(Fig.1d). Theskew-
nessreportedalsodisplaysashifttowardsnegativevalueswithinthe
boundsofexpectedvalues. Data processingintroducesstrongauto-
correlationintheolderdatathatisreducedgraduallywithimproved
temporal resolution (Fig. 1e), consistent with the pattern that they
described.

Wereanalysed the data from the paper by Wang et al. ' without
interpolation,usingamorerobustdetrendingapproachandaccount-
ing for differences in temporal aggregation by implicitly assuming

'and
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variance heterogeneity (Fig. 2a, b). There is a gradual increase of
approximately 50% in the DCA standard deviation, much smaller
thantheincreasetheyreported,andtheHDIstandarddeviationdoes
not change (Fig. 2¢, d). Skewness in DCA and HDI displays quite
differentpatternstothosereportedintheirpaper,andremainswithin

the approximate 95% confidence bounds (= 1.0) expected from a
randomnormalprocess.Autocorrelationdoesnotdecreaseovertime
andisgenerallylow.

The trends in standard deviation, skewness and autocorrelation
reported as potential early warning signals of a “regime shift in the
trophicstateofLakeErhai”byWangetal ~ ." areconsistentwiththenull
expectationoftheirmethodsandarenotreproducedwithmorerobust
methods. We therefore suggest that these may be an artefact of the
numericalmethodsusedandtheinherentproblemsintime-seriesana-
lysisofsampleswithuneventemporalspacingfromsedimentcores.
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Figurel |Simulateddataprocessingandearlywarningsignals. a2 ,One
simulationoftheunderlyingdata-generatingprocessandthetimeseries
resultingfromtemporalaggregation,interpolationandsmoothingb ~ Residuals

fromthesimulatedprocessinaandfromthedataprocessinginref.1.
c—e,Distributionsofstandarddeviation,skewnessandlagl autocorrelation
(ARI)from1,000simulationsusinga59-yearslidingwindowduringtheperiod
between1883t02000. ThisfigureisforcomparisonwithFig.3ofref.1.Grey
horizontallinesmarkOontheyaxis.
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Methods

a
Wesimulatedtimeseries(  # = 1,000)withanannualresolutionofaprocessthat
< resemblesthecharacteristicsof DCA  ':themeandecreasesslowlybefore1960and
8 fasterthereafter,andthestandarddeviationoftheuncorrelatednoiseis0.25.The
o Sediment samples o L timeserieswereaggregatedtomimictheobservedsamplespacing. Theremaining
054 LOESS smooth trend analysisfollowsref.1.
0.0 . t . t . t t . t t Torepeattheanalysis of early warning signals with more robust methods, we
b 540 detrendedthenon-interpolated DCAandHDIvaluesbefore2001(Fig. linref.1)
15.0 withaLOESSsmoothingfunction.Residualsfromdetrendingwerestandardizedby
—_ thesquarerootoftheperiodthatthevaluesrepresenttoaccountfordifferencesin
2 10.01 temporal aggregation. Autocorrelation is calculated from the data with missing
50] o Sedimentsamples values,calculationofearlywarningsignalsotherwisefollowref. 1.
00l — LOESS smooth trend
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Figure2 | Re-analysisofpotentialearlywarningsignalscompiledfromthe
diatomcommunityinLakeErhai. a ,b,Trendsindiatomcompositionand
diversitybasedondetrendedcorrespondenceanalysis(DCA)ofdiatom
composition(a JandHill’sdiversityindexN2(HDI)(  b)withLOESSsmoothing
functionsusedfordetrending.c ,d ,Residualsfromaandb ,withs.d.,skewness,
andautocorrelation(AR1)calculatedusinga59-yearslidingwindowduring
theperiodbetween1883and2000.Skewnessandautocorrelationarescaledby
factor10ind .OneDCAobservationdeviatedsubstantiallyfromother
observations(opensymbolinaandc  )andwasnotincludedinthisre-analysis.

Wagetal.reply

REPLYINGTO J.CarstensenRJ.Telford&H.J.B.Birks

Someissueshavebeenraisedwithregardtoourpaper 'byCarstensen
etal. > Intermsofourdataprocessingwewereawarefromtheoutsetof
theproblemsofunevenlyspacedtemporaldataandsedimentdating
errors. Wealso wanted to duplicate, as far as possible, the methods
published previously that had been used to identify early warning
signals in palaeoenvironmental data (for example, ref. 3). Thus, we
appliedtwostandardsmoothingfunctions(exponentialand Gaussian
kernel) to interpolated and non-interpolated (original) diatom data,
expressedasthreestatistical indices (detrended correspondenceana-
lysis(DCA),Hill’sdiversityindexN2(HDI)andcorrespondenceana-
lysis), using different sliding-window sizes and the two-standard-
deviationrangeofdatesforeachsample.

Despite their criticisms, the LOESSapproach usedby Carstensen
etal. ' alsodoesnotcaptureexplicitlytheunequaltimeincrementsin
thesediment dataand does not confront the datingerror problem.
Howevertheresultsdescribed(Fig.2inref.1)stillconfirmincreasing
variance for DCA, albeit with reduced and possibly non-significant
trends, and increased skewness if one ‘outlier’ is retained. Wealso
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notethattheirresultsdonotreplicatethefullrangeofourtests. They
donotseemtoaddresstheissueofwindowsize,thesensitivitytothe
fullrangeofdatingerrors,orcoverthefullrangeofindices(thereisno
correspondenceanalysis). Theirassumption that “Greater temporal
aggregation in the deeper profile reduces the temporal variation in
diatom composition” has to be countered by the observation that
amongthe samples datingbackto 1885(  n = 49),twooftheseven
largertemporalaggregations( =3.4yearspersamplecomparedtothe
meanof2.4 * 0.9yearspersample)areinfactrecentsamples,dated
t01986and 1998 (SupplementaryFig.2ainref.1).
ThenewsimulationmethodproposedbyCarstensenetal ! totest
thenullhypothesisisinteresting,butagaindoesnotfullyaccountfor
thetemporalaggregationintheactualDCAdatajinstead,it resembles’
our DCA data. Themodel does notuse thereal time periodsinthe
sedimentdataderivedfromthedatingmodelanditdoesnottakeinto
accounttherealerrorsinthedatingmodel. Therefore,thesimulation
demonstratesageneralprinciplefortestinganullmodelbutdoesnot
initselfoverturnthefindingsfromtheanalysesofourpaper.


mailto:jac@dmu.dk
http://dx.doi.org/nature12272

Inconclusion,giventhesensitivityofresidualstodifferentsmooth-
ingfunctionsandthechoiceofparameters(forexample,windowsize
andspanvalue),themainimplicationoftheworkbyCarstensenetal.
isthatfuturestudiesofsedimentdatashouldevaluatetheresultsfrom
awiderangeofsmoothing-functionoptions.Inanycase,wedonot
advocatetheuseoftime-seriesanalysesofsedimentdataalonetoinfer
earlywarningsignals. At LakeErhai, China, our contextincludeda
wealth of real-time observations (for example, algal blooms) that
amountedtoprimafacieevidenceforincreasedecosysteminstability
beforeacriticaltransition.Inourview,thenewresultsdonotmakea
caseforoverturningthemainfindingsofthepaper.
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