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Abstract:

Aim- To asses whether climate directly influences aquatic ecosysdgnamics in the temperate
landscape of Tasmania or whether the effects ofteng climatic change are mediated through the

terrestrial envireonment (indirect climate influence)

Location- Paddy’s Lakds locatedat 1065 nmaslin temperatenorthwestTasnania a wntinental
island soutkeast ofmainlandAustralia(41°1543°25’S; 145°00148°15'E)

Methods- We' developed aew 13,400 year (13.4 kypalaeoecological datassftlake sediment

sulfossil cladecerangquatic grazejsbulk organicsediment carbofC%) and nitrogen (Blo) and

8°C ands™*N stable isotops.Comparisorof this new data was made wiltecently published

pollen, geochemistry and charcoal records fRaddy’s Lake

Results Low cladoceran diversity at Paddy’s Lakeonsistent wittothertemperateSouthern
Hemisphere lake&he bulk sediment 8"°N values demonstrate a significant lagged negative response
to pollenaccumulation rate (pollen ARCompositional shifts of dominant cladoceran tsBagmina
meridionalisandAlona guttatd occur following changes in boffollen AR andpollen (vegetation)
compositiorthroughout thel 3.4 kyrrecordat Paddy’s Lake. The 8*°N values demonstrate a

significant positive laggetklationshipto the oligotrophiceutrophiccladoceramatio.

Main conclusiens _Long-term changes in cladoceran composition lag changes in both pollen AR and
terrestrial.vegetation composition. We interpret pollen AR as refleclimgite drivenchanges in
terrestrial vegetation productivity and conclude that clirgiieen shifts in vegetation are the

principal driver ofthe cladoceran communitguringthe last ca. 13.4 kg. The significant negative
lagged relationship between pollen AR @htN reflects the primary control of vegetation

productivity over withinrlake nutrient status. Thus, we conclude that the effects ofteangclimae
change o aquatic ecosystem dynam@sour siteare indireceindmediated by the terrestrial
environment Vegetatiorproductivity controlsorganic soil development aiés a direct influence

overlaketrophic statuyia changes in the delivery of terrestrial organic matter into the lake.

Keywords: carbon and nitrogerlimate change, cladocerans, Late Quatgriang-term fire,

nutrient dynamiecs]asmania, terrestri@quatic ecosystems

Introduction

Aquatic ecosystems are known to respbath ‘directly’ and ‘indirectly’to climatic change
(Battarbee, 20Q@all et al, 2010Q. ‘Direct’ aquatic ecosystem responses to climate change are
principally influencedby changes in temperatuaadlake level on aquatic environmeri&chindler,

1997 Smol & Cumming, 2000Gell et al, 2009, while ‘indirect’ responsescludethosethat are
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mediated through the surrounding terrestrial environment via, for example, vageteinge that
alters nutrient inputs and pH of watersh@idavane & Whitehead, 199&orsman & Segerstrom,
1998 Lancashireet al, 2002 Augustinuset al, 2008 Wanget al, 2016. Despite the importance of
climate in driving terestrial ecosystem dynamics, and the clear relationship between terrestrial and
aguatic ecosystengsluvane & Whitehead, 199&orsman & Segerstrom, 199Bngstromet al,

200Q Augustinuset al, 200§, most research into loaggrm aquatic ecosystem change focusses on
the'direct role of climate in drivingaguaticecosystem dynamicklnderstanding how and when
climate affectaquatic systemshroughbothdirect and indirecpathwaysds important if we are to
understand how these systems will respond to the rapid climatic changes the Earthtlg curren
experiencingToaddress this knowledge gap, ws&e multiproxy palaeoecological data to assess the
relationship-between climatic changnd longierm terrestrial and aquatic ecosystem dynamics in a

temperate subalpine lakeTmasmania, Australia.

Direct aquatic ecosystem respaseclimate change include changesviatertemperature

(Schindler et al., 1996; Schindler, 1997, 200jn&gw/lake depth (Gasse et al., 1997; Smol &
Cumming, 2000b; . Saunders et al., 2007; Tibby et al., 2007; Gell et al., 2012) andheatistry
(Schindler,(2001) Direct responses result in aquatic ecosystem changes that are either synchronous
with (Prebbleet al, 2009, or independenf (Tibby et al,, 2012) changes in the terrestrial
environmentin,contrastjndirect aquatic ecosystem responses to climate thatedeatedhrough
theterrestrial’environment are characterised by gddgesponse of the aquatic environment to
terrestrial changéFritz et al, 2004 Heggeret al, 2010Q. Indirect effects of climate change include
changes ingthe type and amount of terrestniaterid entering an aquatic system (via erosion and/or
vegetation productivity changes), whichn alter critical factors such pBl (Whiteheacet al, 1989
Pienitzet al, 1999, mixing/turbidity (Lotter, 2001 Augustinuset al, 2012 andthetrophic statuof
water bodiegEngstromet al, 200Q Heggeret al, 201Q Fritz & Anderson, 2013

In the cool high rainfalenvironment of western Tasmangagombination of low temperatures, high
humidity and extreme bedrock oligotrophgve resulted in a landscape blanketed in acid peats
(Brownet al, 1982 Jarmaret al, 1982 Bowmanet al, 1986. As a result, waterbodies in this
landscape.are uniformly dystrophic, with nutrient inputs largely derived fromcilgeat soils
(Tyler, 1974 1992 Vanhoutteet al, 2009. Indeed, the bedrock is so unyielding that the ionic
composition of many lakes isddtical to sea water (i.e. nearly no input from bedrock sources)
(Buckney & Tyler, 197Band soil development is almost entirely dependenhemrextanvegetation
(Jackson, 1968Nood & Bowman, 201R Despite tle tight coupling between vegetatigreat
developmenaind water chemisty there is a dearth @fformation abouhowterrestrialecosystem
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change influenceaquatic ecosystem dynamics in this lands¢8padbury, 1985 This knowledge
gap is critical, as terrestrial systems in western Tasnaae@irrently experiencingnprecedented
changsin response to anthropogenic climate chathgeareprincipally manifestisareduction in
rainfall and a concomitanihcrease in fire activityMcWethyet al, 2013 Fox-Hugheset al, 2014
Mariani & Fletcher, 2016

Here, weattempttcassessherelationship betweelong-term climatic change and changes in both
aquaticand terrestrial ecosystemsdisubalpine temperate environment in Tasmania, Australia
Given the tight coupling between vegetatipeatand watechemistry evident taay, we hypothesise
thattheresponse‘odquatic ecosystesrto longtermclimatic change in this landscape will be
mediated bytheterrestrial environment: i.e. ‘indirect’ response pathways. Further, wetragise

that the principal pathway for mediatiohaimate signals through the terrestrial environment will be
via vegetatiordriven changesf nutrient inputs intdghe lake To assesthese hypothesese
developed aewlong-term (13,400 year; 13.4&yr) multi-proxy lake sedimentlatasebf subfossil
cladocerans (as a proxy for aquatic ecosystem dynamics), and organic carbon (elemental and §*°C)

and nitrogen (elemental and §"°N) contentWe compare our recotd anexistingrecordof pollen,
charcoal andjeochemistrfrom the same sediment sequetiw shows clear climatgriven
vegetation dynamics over the last td.6kyrs (Becket al, 2017). To assess our hypotheses, we
propose that*indirect’ climatdriven changes in aquatic ecosystem dynamics and nutrient cycling
will be mediated by the terrestrial environmeantd thus, willlag change# theterrestrial system
while ‘direct’ climate-drivenaquatic ecosystem dynamics and nutrient cycling will either precede,

occur synchronously wittor be independent @hanges in th&errestrial system.

Geographical setting ofTasmania

Tasmanidsra'continental islandith a cool temperate maritime clima@entilli, 1971 biseced by
northwest=southeastmountainranges that resuilh a steep gradient efesterlyderived
precipitation from,3500 mm piaest of the range® 400 mm p/an the east
(http://lwww.bom.gov.au/)These ranges creaelear division in the geography of Tasmania
manifest agStarkeastwestcontrast in geologyglimate and ecologyAcidic organosols (peat), rain
forests and freshligotrophic todystrophic lakes prevail over much of the west, lakes in theasast
less acidic, (ultrajligotrophic, turbid andanoresalire (Tyler, 1974 1992 Vanhoutteet al, 2004.

The zone of transition between the eastern and western provinces is often referfigdadsakine
(Figure 1) Therain forests of the Tasmania’s west share remarkable taxonomahgsidlogic

similarities with the temperate rain forests in New Zealand and Chile,#taled Gondwanan
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130 forests that are now restricted to tiny fire refugia in Tasm@ii@od & Murphy, 201). Fires have
131 decimated rain forest across all theseathern regioné/eblen & Ashton, 1982McGlone, 1989,
132  with more than 30% of Tasmanian subalpiai@ forest lost to fire over the last two centuifids|z et
133 al, 2015.

134
135 Cladoceransiof subalpine temperate Australasia

136 Cladocerasare aquatic zooplanktdhatarean excellent proxjor changes in watéemperature,
137 lake level, water qualitytrophic status of lakesnd food web dynamiggiofmann, 1998Lotteret al,
138 1998 Kameniket al, 2007 Kattel & Augustinus, 2010Kattel et al, 2015. In southeast Australia
139 and New Zealandmportant taxa includeAlona guttata(Sars, 186, Alonella excisgFischer, 1854)
140 Bosmina meridionaligSars, 1904andChydorus sphaericu®.F. Miller, 1785)Green, 1976

141 Geddes, 198&attel & Augustinus, 201,0Augustinuset al, 2012 Kattel et al, 2015. Alona guttata
142 is acosmopolitadittoral taxonthat isreported to be an indicator of wetland hydroletpangesand
143 nutrient statugKattel & Augustinus, 201Kattel et al, 2015, as well aswarm climatic conditions
144  (Frey, 1991bLetter et al, 200Q Kattel & Augustinus, 2010 Bosmina meridionalisa pelagic

145 cladocera, isendemic to Australia and New Zealaamdis an indicator of relatively clear water and
146  oligotrophiceconditiongGreen, 1976Geddes, 1988Chydorus sphaericus a eurytopic taxaound
147 in both litteral'and pelagic habitats, showing respotsastrient enriched environmes-rey, 1980
148 Lotteret al, 1998 Kattel & Augustinus, 2010

149
150  Site description

151 Paddy’sLake (41°27°'04 S, 145°57°'41 E) is a cirque lake situated at ca. 106%@shon the Black
152  Bluff massifin.northhwest TasmanigAustralia(Figure 1) The lake is acidianddystrophic;with one
153 small,outflow to the north ané maximum depth dt1.5 m.The lacal geology is nutrient poer

154  consising ofiquartz dominate@Quaternary glacialepositsandconglomeratewith minor surface

155 expressions,ofslightly more ferti@mbrianvolcanics(Seymour & Calver, 199%emberton &

156 McKibben, 2004. Average monthly temperature randesm ~4.6-14°C, with an annual average of
157 ~12.3°C(Bureausof Meteorology, 2016k; Becket al, 2017. The local vegetatiois clas#ied as
158 sulalpineheathlan@Harris & Kitchener, 200p with the broader regn composed of a complex

159 mosaic of rairforest,Eucalyptisdominantforest, scrub and open communities that reflects a long
160 history of burningJackson, 196&letcher & Thomas, 20)0

161
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162
163 Materials and Methods
164  Core collection and chronology

165 An entire sediment sequence of 291 was developed using radiocarbon dating, charcoal and
166 geochemistry from two cores (TAS1401 SC1 and TAS1401(Bdgket al, 2017 retrieved with a
167 Bolivia coring systenfa modified Livingstone system; Wright, 196@nd a Nesje coring system
168 (Nesje, 1992 The corechronology was developedingl19 radioarbon dates calibrated with the
169  Southern Hemisphere calibration cun&HCall3(Hogget al, 2013 (Table 1lin Supporting

170 Informatior). The'agedepth model was produced in3RL.1(R Development Core Team, 2014
171 usinga smooth_spline regression with a smoothing factor of Gleirclant 2.2 packaggBlaauw,
172  2010. Full details'are in Beckt al.(2017).

173
174  Cladocerananalysi's

175 Processingor cladeceraafollowed standard metho@Korhola & Rautio 2001ata resolution ofL.-4
176 cm (ca. 60350yrs). Concentratiorvalues were determinegsing an exotic pollen spikéycopodium
177  spp.)(sensu Faegri & lversen, 1989 total of 100cladoceranndividualswere identified at 100
178 400X magnificationKattel and Augustinus 2010dentification washased on the following

179 resourcesAlonso, 1996Brehm, 1953Frey, 1994k Shiel and Dickson, 199%hiel, 1995 Smirnov
180 and Timms 1983 andSzeroczynska and Sarmaja-Korjonen, 2007The oligotrophiceutrophicratio
181 was calculatethetweerBosmina meridionaligoligotrophic) andAlona guttateandChydorus

182  sphaericugeutrophic).
183
184  Geochemistry

185  Organiccarbon (®%), nitrogen (N%), 8**C and §*°N wereanalysed at Australian Nuclear Science

186 and Technology @rganisation (ANST@&)a resolution of-2cm a. B-530yrs) usingan Elementar

187  VarioMICRO Elemental Analyser (C% and N%) and an Isotope Ratio Mass Spectrometer (5 *°C and

188  §'°N) with-a®CQ trap (NaOH). An absence of carbonates was determined throughout the sequence by
189 testing with HCIyThe 5'°C results were normalised to an IAE¥8 referencelLe Clercqet al, 1999

190 and3™N to IAEA N-2 Bohlke & Coplen, 199%and USGS25 (Bohlke & Coplen, 1995

191 normalisatiorreferencesValues for @ and N6 were normalised to ‘High Organic Sediment

192 Standard OAS'. Normalised XRF Bromine (Br) data from Paddy’s Lake is presengefidrmer

193 published data to demonstrate trends in organic m@&éesket al, 2017.

This article is protected by copyright. All rights reserved



194

195

196
197
198
199
200
201

202

203

204

205
206
207
208
209
210
211

212
213
214
215
216
217
218
219
220
221
222

223

224

Pollen and charcoal analysis

Pollen andBotryococcuspp. accumulation rate(AR)were calculated from the existif@ddy’s
Lake pollemdatéBecket al, 2017). Here, we uséhepollenAR to track changes in vegetation
biomass, consistent with data linking pollen influx and plant biorf®sgitaet al, 201Q Matthias &
Giesecke, 2014 Background charcoal (particles émr) wascalculated withCharAnalysis
(Higueraz 209)-frem Beck et al. 201@ndused as an indicatdor local andregional drying For

further pollen.and charcoal analysis methods see Beak2017.

Numerical analyses
Detrended correspondence analysis (D@AJ cluster analysis

DCA was performedising the ‘vegan2.4-4 packaggOksaneret al, 2016 in R onsquare root
transformedladocerarpercentageatawith downweighted rare tax&onation was determined

using CONISSluster analysigGrimm, 1987 in TILIA 2.0.37(Grimm, 2013. Zone sgnificance
wasdeterminedusinga broken stick modeéh R using‘rioja’ 0.9-15 (Juggins, 201 Pollen
ordination_esults(pollen DCA axis 2from Becket al.2017were used to demonstrate the secondary
vegetation composition changes on the landscape; primary shifts in the vegetatiotatae biythe

glaciatinterglacial transition perioBecket al, 2017.

Cross Correlatio

Cross correlatiomnalysis waperformedon 400 year bins othefollowing data cladoceran DCA

axis 1,cladacerarligotrophiceutrophicratio, bulk sedimens**N, pollen DCA axis 2and pollerAR

to assessghesignificarce of temporal relationships in the time series (@taen, 198} Binning is an
alternative to interpolation, where dati@averaged within a selected age interval to create even time
steps without ereating neexistent trend¢Carstenseet al, 2013 Seddoret al, 2014. Data was

first binnedusingR scriptwritten by Seddoet al. 2014then transformed with the standardized
methodin R usingianalogue’ 0.10 (Simpson & Oksanen, 2016 remove any nostationarity,a
violation of ‘cross correlatiorequirementgHorvaticet al, 201J). Cross correlation was rumith four

lagsof 400-yearsn R.

Results

Chronology

This article is protected by copyright. All rights reserved



225 Radiocarbon resultare accessiblim Supportinginformation with full details in Beclet al. (2017)
226  An ageoffset estimate of 223.5 yrs was applied to all samples in thdeggh modeand tvo dates
227 (200 cm and 225 cpwereout of stratigraphisequencandidentifiedas outliergFigure 2)(see
228 Becket al.,2017).

229

230 Cladoceran/analysis

231 A total of:13cladoceranaxawereidentified throughout thBaddy’'s Lake recordCladoceran

232  diversity was.very. low; however, not abnormal for a Tasmanian alpine lake (pers. Aoikatov &
233 R. Shiel). Seven'significant CONISZoneswere producednd Tablel lists thetaxonomic trends
234  each zone

235
236  Geochemistry

237  All C%, N%¢8*3€and 5'°N results are the mean of replicate analyses, the standard deviation of the
238 replicates are==0:3 for all §*°C and< + 0.4 for all 3N results. These organic geochemical indicators
239 show a distinct'shift ata. 134 ka (Figure 4) C%, N% and C/Nareextremely lowprior to ca. 13 ka

240 followed by aninereasng trendca.to maximum values by ca. 8 ka with relatively stable tréads

241 presentHigh values of6**C occurprior to ca. 134 ka (maximum=23.5%o) then declindo

242  persistently lowvaluesHigh 8N values(~2 %o) occurprior toca. 134 ka, then decline at ca. 1&

243  and ca. 1Xa"8*N'values peakt ca 8.5ka (~2.2%0) andca.6 ka (~2.3%o), a riseatca. 2.5 kds

244  followed bystablevaluesuntil presenttigure h&5e). Trends in XRF Br demonstrate very low

245  values beforesea=148ka, followed by a sharp increase to ca. 12hkemdeclineto ca. 11 kaFrom ca.
246 11 to 8 ka Brincreases with a declining trend from ca. 8.5 to Atla. 6 kavaluesdropwith a

247  stable trendintilpresent(Figure /&5a).

248

249  Pollen and'charcoal analysis

250 Grass and herbpolleand woody plant percent pollen show opposite trendiggbif(low) values

251 Dbefore cal3.3ka,thenashift todecreasing (increasingpundance for the remainder of the record
252  (Figure 4&f)."The wllen AR increasedrom ca. 13.30 123 ka, ca. 6to 4.5 kg and ca. 3 ka to

253 presentFromica. 9 to 6 kdigh variabilityin pollen AR occus (Figure ). Background charcoal

254  remains relatively lovfrom ca.13.4to 6 ka followed by anincreasdo a maximumat ca. 43 ka.

255 Values decline at ca. 4.3 ka with two more indreprendsatca.3 ka and 2 ka
256

257  Numerical analyses
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Detrended correspondence analysis

Trends in theladocerarDCA axis 1 scorg(explained variance=25.1%gllow changes in the
pelagic taxaBosminameridionalis(Figure &5e). DCA axis 2(explained variance=14.3%hows
high stability throughout the entire recarith high values from ca. 9.1 to 6.4.kehe DCA biplot can
be foundin Figure 1of the Supprting Information.The pollen DCA axis 2 scores follow opposing

trends to the polleAR from ca. B.4to 6 kawith an increasing trenflom ca. 6 ka to present.
Cross correlation

Pollen AR has a positive correlation witd°N (-1600 to 400 yr lag). A negative responsé’iN
occursprior toan increasé pollen accumulationCladoceran DCA axis 1 sh@m positive response
with pollen composition (Pollen DCA axi9 rior to increase in cladoceran DCA-4@Q0 to 160Q/r
lag). The oligotrophiceutrophiccladoceran ratio show a positigerrelation withs**N (400to 1200

yr lag) (Figure=6):

Discussion
Vegetation change and lake nutrient dynamics

We observe a significant negative lagged relationship between pdtlemd the3*°N content of

organic matterwithin Paddy’s Lake throughout thedas13.4 kyrs Figure6a). A linear

relationship betweengtlen ARs andplant biomas$as been shown in temperate systems in the
Northern HemispheréSugitaet al, 2019 Matthias & Giesecke, 20)4andanecdotal evidence

suggest that thiswrelationship occurs in subalpine Tasmanian ecosyétéehsheret al, 2014. We
interpret the'negative lagged relationship between palRands**N as reflectingncreased input of
terrestrially derived*N into the lake as terrestrial vegetation productivity increases. When available
1N stocks are high, aquatic organisms discriminate agaMstesulting in organic matter low in

8'°N. Onee'vegetation productiyidecreases (reduced pollaR), available**N decreases and

aquatic organisms are forced to t¢— classic RayleigiDistillation (Talbot & Johannessen, 1992

Talbot, 200} —resuling in an increase in organic matterN values

While the negative lagged relationship between palRrands™N is significant over the entire ca.
13.4 kyr'sequence, we observe an apparent decoupling of these variables3aftdiaigure
5f&h). This decoupling is manifest as persistently Hiih values Figure5f) despite aincrease in
pollen AR Figure5h). We note that thidecouplings coeval with the establishmenthudth
sclerophylidominant vegetation around the lakégure5b) and a marked increase in t@onial

algaeBotryococcuspp. (Figure ). Botryococcuspp., likely Botryococcusraunii (Kiitz.), [§*°N
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290 signature of 47 %0 (Heynget al, 2013] is an alga common in oligotrophic aters that prefers

291 shallow littoral environment8Aaronsonret al, 1983 Clausing, 1999 We interpret this shift as

292 reflectingincreased nutrierdonsumption byBotryococcuspp.that depletedN stockswithin the
293 lake The shift toward sclerophytlominant vegetation was driven by successive fires beginning at ca.
294 6.3 ka(Becket al,2017. Elsewhere, similar firglriven vegetation shifts from pyrophobaim forest
295 communitiest@@yrophyticsclerophyll associations are marksgdchanges irboth carbon and

296 nitrogen content dike sedimentrganic matte(Fletcheret al, 2014. Sclerophylly is an adaptation
297  to nurient deficiency(Beadle, 19661968 and the nutrient content of soils under sclerophyllous
298 vegetation in. Tasmania is lower than under rain forest vege(d@ackson, 19680rians & Milewski,
299 2007 Woodet alj201]). It is possible, therthat the invasion of the catchment by sclerophyllous
300 plant taxa lowered the nutrient status of the catchment organosols (Br arfeigiig; 4&h),

301 lowering the ayailable nutrient pool within the lakedfavouiing theincrease irBotryococcuspp.
302 The combination of reduced terrestrial nutrient input and increased aquagnndémand would,
303 thus, result in a rapid consumption'&¥ stocks forcing aquatic organisms to uShl and, thus,

304 increasing thé&"N value of depositedrganic matter.
305
306 Vegetation change and aquatic ecosystem dynamics

307 Ourresults reveal a significant relationship between terrestrial vegetation and aquaticeetosyst
308 (cladoceran) change throughout the last ca. 13.4 kyrs at Paddy’$Higee &). Importantly, shifts
309 in terrestrial'vegetation precede changes in cladoceran community compositextingfa clear link
310 between terrestrial and aquatic ecosystem change through.tingeterm vegetation change at
311 Paddy’sLakeinferred from pollen data closely tracks letegmshifts in regional hydroclimate

312 identified fram raft of local and regional palaeoecological and palaeoclimaéi¢datphail, 1979
313 Markgrafet'al;1986 Fletcher & Moreno, 201, Fletcheret al, 2014 Stahleet al, 2016 Becket al,
314 2017. Ourgesults cofirm thatthe influence otlimatedriven changes in vegetatigcomposition
315 and produetivity)-over nutrient delivery into the ladugersedgany direct influence of climatic

316 change overagquatic ecosystem dynamidhiglakesystemWe, thustentatively accept our

317 hypothesis that loerterm aquatic ecosystem dynamics respiodirectly toclimatic change in this

318 landscapeia’changes itheterrestrial environment.

319  Whilst changes in hydroclimate could be expected to drive changes in lakarid\eeconcomitant
320 change impelagic taxde.g.B. meridionaliy(Korholaet al, 200Q Kattel & Augustinus, 2010 we
321 find no consistency between regional hydroclimatic trendschadgesn pelagic cladocerataxa at
322 Paddy’s LakeRigure3). Critically, we do observe a significant lagged relationship betw&ahand
323 theoligotrophiceutrophic cladoceran ratio through the last ca. 13.4, kydscating thathangesn
324  cladoceran compositioat Paddy’s Lakelearlytracks lakdrophic statugoligotrophiceutrophic
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ratio). Increases in thabundancef cladocerans usually classed as ‘litto(#lattel & Augustinus,
2010 reflectcharacteristic o€osmopolitan communés (A. guttataandC. sphaericuslow DCA

axis 1 valuegpreferringa widegradient oftrophic statugmesotrophid¢o eutrophic) in lakegKattel

& Augustinus, 201p(Figure ®&g). Increases in pollen AR armmbllen compositional changpdllen
DCA axis2)at Paddy’s Lakeccur during phases efevatedelative moisturglow regional fire
activity andansinerease in regional forest coWé@iletcher & Moreno, 2012Stahleet al, 2016 Beck

et al, 2017 Marianiet al, 2017%. These shiftén pollen AR and pollen DCA axis 2 are simultaneous
with decreasing.organi"N valuesandan increase in the important occurrenéittoral

cladoceraawithin the lake(Figure 5&q).

In contrast, ‘pelagic’ @docerange.g.B. meridionali$ at Paddy’s Lakéavour oligotrophic lake
conditions(Green, 1976Geddes, 198&nd increases in teetaxa occur during phases of low
relative moisture, reduced regional forest cover, increased regional fire a@tleitsher & Moreno,
2012 Stahleetsals»2016 Becket al, 2017 Marianiet al, 2017, consistent withreduced terrestrial
organic matter inputs (Br: Figure 5a) attN enrichment obrganic matter within the lake: i.e.
oligotrophiclakeswater(Figure 5). Our results, themreveal a shift toward more oligotrophic tolerant
cladoceran communitidominatecby B. meridionali$ that precede&"*N enrichment of organic
matter withinitheslakereflecting (1) a shift toward oligotrophic tolerant takeeto reduced terrestrial
nutrient inpuinfluencing the diet of these aquatic grazers, (2) a depletianaifible*’N stocks and

(3) a subsequent>N enrichment of within lake organic matter.

Given our.establigdlink between terrestrial vegetation productivity and lake nutrient staeks,
interpretour resultsaasindicatingan aquatic ecosystem resporselimate-drivenchanges in
terrestrial nutrient inputs. Vegetation productivity decre@iseseasesiluring relatively drywet)
climate phases (Figure 5), resulting in a decr@aseease)n terrestrial nutrient inpgt Consumption
(replenishmentdf available nutrientby aquatic grazeleads to the development of a m@ess)
oligotrophic lake environment that favours an incrgdsereasein theabundancef cladoceran
speciessuch ad8. meridionalisthat prefer lower nutrient environmenBuring phases of low
terrestrial nutrient.deliveryhe eventual depletion 6iN stocks forces aquatic organisms to tise—
Rayleigh Distillation(Talbot & Johannessen, 199kalbot, 200} — enriching organic matter in this
isotope. Ourresults imply that cladoceran community dynamics respond indirectlimatid change
via the influence.ef temperature and precipitatoar changes in terrestrial vegetat@mmposition
dynamicsas well as, their influence over lake nutrient statitks no evidence of a direct climate

response

Conclusion
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In our study systemime-series analysisf multi-proxy lake sediment datdentified an indirect
relationship between climatic change and aquatic ecosystem dynamics manifest as a lapgesl resp
of aguatic ecosystem change to terrestrial vegetation dynamics. Cimageterrestrial vegetation
changeexerts control over bothithin-lake nutrientcycling andcladoceran communityompaosition,
due principally to the low bedrock nutrient content promoting landse@edominance opeat and
associatedystrophy in fresh water systems. A foldven shift from rairforest tosclerophylt

domirant vegetatiomt ca. 3.4 ka is associatetth a decoupling of vegetation productivity and lake
nutrient eycling=Sclerophyll plants this landscapproducepeatwith low nutrient content relative to
rainforest, thus, lowering the withilake nutrientstatus and favouring an increasasistryococcus
spp- Theincreaséan Botryococcusp. and reduction in terrestrial nutrient input, theapleted
nutrient stocksrrespective of changes in vegetation productivitye increase in fire activity in
western Tasmania over the last century is unprecedented throughout the last b kyasiya
Tasmanian raiforest systems are under threat of extinction in response to fire and invasiaa by fir
promoting plant specig&letcheret al, 2014 Holz et al, 2015. Our results indicate that aquatic
ecosystem dynamics subalpinevestern Tasmania acdoselylinked to climatedriven rainforest
dynamics, and that firdriven vegetation change has the potential to radicallywitkin-lake

nutrient dynamics_and aquatic ecosystem composition. All southern temperdteastiisystems are
under threat of climatic and fire regime change and the lack of emphasis on howdkatedt

aguatic ecosystems are linked across these systems exposes a critical kngapetigénust be

addressed ifwe are to successfully manage aquatic ecosydtdragegiorinto the future.
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Tables with;their legends above

Table 1: Summary of significant CONISS cladoceran zone3)Mem Paddy’s Lakedisplayed by
age (ca. ka)'and'sample depths (cm). Key taxa are reported with their approxiaratenasémum

and minimum percent abundance.

Sample Maximum
Age (ca. Mean % Minimum %
Zone Depths Key Taxa %
ka) Abundance Abundance
(cm) Abundance
1 >134 177.5 Alona guttata 89.3 - -
Bosmina meridionalis 9.7 - -
Chydorus sphauricus 1.0 - -
13:3-
2 174.5-165.5 Alona guttata 8.2 10.7 6.7
12.8
Bosmina meridionalis 88.8 92.4 82.5
Chydorus sphauricus 1.9 3.9 0.0
Simocephalus spp. 1.0 2.9 0.0
3 12.7-11.6 163.5-147.5 Alona guttata 57.6 81.4 39.8
Bosmina meridionalis 9.9 16.5 4.3
Chydorus sphauricus 30.6 46.6 10.8
Simocephalus spp. 1.9 4.8 0.0
4 11.3-8.9, 114.5-118.5 Alona guttata 10.6 17.0 5.6
Alona quadrangularis 0.1 1.0 0.0
Bosmina meridionalis 83.0 90.4 72.0
Chydorus sphauricus 3.1 7.7 0.0
Diaphanosoma cf.
0.2 1.0 0.0
unguiculatum
Simocephalus spp. 2.2 10.0 0.0
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Unknown 0.8 2.6 0.0

5 8.7-6.4 116.5-92.5 Alona guttata 49.4 80.0 15.3
Alona quadrangularis 0.1 1.0 0.0
small Alona sp. 0.2 2.4 0.0
Alonella excisa 0.2 2.0 0.0
Alonella sp. 0.2 2.4 0.0
Biapertura
0.1 1.0 0.0
intermedia
Bosmina meridionalis 38.9 76.9 13.6
Chydorus sphauricus 3.0 7.9 0.0
Daphnia spp. 0.2 1.9 0.0
Diaphanosoma cf.
0.4 3.0 0.0
unguiculatum
Simocephalus spp. 7.3 17.3 1.0
Unknown <0.1 1.2 0.0
6 6.2-0.3 90-6.5 Alona guttata 17.7 51.0 4.4
small Alona sp. 0.1 1.0 0.0
Bosmina meridionalis 80.3 94.7 45.9
Chydorus sphauricus 0.8 35 0.0
Daphnia spp. <0.1 1.0 0.0
Pleuroxus spp. 0.1 2.0 0.0
Simocephalus spp. 0.9 3.7 0.0
Unknown 0.4 1.7 0.0
7 <0.1 2.5 Alona guttata 92.6 - -
Bosmina meridionalis 1.9 - -
Chydorus sphauricus 1.9 - -
Simocephalus spp. 3.7 - -
654
655

656  List of Figure Legends

657 Figure 1: Digital elevation map of Tasmania and location of Paddy’s Lake (yelpwoddhe right,
658 featuring Tyler's LingTyler, 1992 determined by precipitation (soliueline), rain forest boundary
659 (dotted blue line) and the dolerite edge (blue dashed line). On the left a photograph of Paklely’
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Figure 2: Agedepth modeobf Paddy’s Lake, Tasmanveith a smooth spline model (factor=0.50;
goodnesf-fit of 83.38) calibrated using SHCal{Hogget al, 2013. Outlier dates are marked in
red(Becket al, 2017.

Figure 3: Stratigraphy of Paddy’s Lake cladoceran taxa. Cladoceran species aregasent
percentage camposition and grouped by Pelagic (dlitedral (greenand Eurytopic (yellowjaxa.
The DCA axis variance=25.1%) and 2(variance= 14.3%) scores estimate trends in the cladoceran

percentage.data:-Red dashed lines indicate breaks in the seven significant CONISS zones.

Figure 4: Summiary figuref Paddy’s Lakesegetation types and nutriendicators a) 3*°N (%o); b)
8"3C (%0); c)€/Nsratio;d) sediment Nitrogen percentaggd:sediment Carbon percentadepercent
woody plant pollen (greywyvith a weighted average (black, window width=§)percent grass and
herb pollen (greyyvith a weighted average (black, window width=&)d h)Bromine (kcpg x
10%)(grey) and weighted average (dark gregimdow width=61) (Becket al, 2017.

Figure 5: Summary figuref @quatic and terrestrial ecosystem chang@&addy’s Lakea) Bromine
(kcps, x10°)(grey).with a weighted average (dark greeindow width=61) (Becket al, 2017; b)
percent scleraphyll pollen (grey) with a weighted average (black, window wid{Be8ket al,

2017); c) Botryacaccuspp. AR (grains/crit yr't x 10%)(light greer with a weighted average (black,
window width=3);"d) Pollen DCA axis @rey)with a weighted average (black, window widf)=e)
Cladoceran DCA'axis (blue) f) 8*°N (%o) (orange) g) oligotrophiceutrophiccladoceran taxa ratio
(green) h)-pollensAR (grains/ciyr® x 10%)(grey) with a weighted average (black, window
width=5); and i)background charcogparticles/crif yr* (red) Becket al, 2017).Shaded background

colours indicatgeneric climateransitions.

Figure 6: Cross correlation analysis of Paddy’s Lake datafaitHagsof 400 yearinsfor: a)3™N
vs. pollen AR; bpollen DCA axis 2 vs. cladoceran DCA axis 1; apd™N vs.

oligotrophiceutrophiccladoceran ratio.
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