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Proxy-records

Virtually all biological, chemical and physical processes that are studied in limnology leave
evidence in sediments, but sedimentary records are subject to information loss because of

many factors, including those that affect variable distribution of sedimentary constituents and
post-depositional changes (Cohen, 2003).
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Sediment: an ecosystem’s memory

Lake sediment cores are taken using corers operated from a boat or platform
(Photoa).

Cores are then cutlongitudinally to reveal their internal structure (Photo b).
Aims

® To provide high-resolution, paleoenvironmental (e.g. pH, P) and paleoclimatic inferences using a range
of chemical and biological proxies.

® To measure the temporal effect of climate change and anthropogenic impact on lake ecosystem
structure and processes.

® To establish historical data that can be used to calibrate and validate numerical models.
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Geochemical and biological indicators we commonly analyze in sediment cores.

Climate variability in Italy during the last two millennia - Italy 2k




QUEFESIZ AT
WSR2

Greenland

(DENMARK

FINLAND

Ry U557 1

bk
g P
igas Ay RO+ 4 e 1
S G %
POLATD ) pitAmus {ebi 70 & A i
Warsey sl / gl 1
e ¢
URRAINE S
DOV KAZAKHSTAN AR
o =
P - HONGO LA

ONITED

< e

ke

Baku L SORKMENSTAN . BT

JAdhgabat

ST ATES

i
TRIRSTAN

ShivLNNOH |

BN ) e ’ ] 4 A
e St R HROSN P 3
oo %y r 4
b5 i

LIBYA

a1,

EGYPP L % SAUDI e
BN A2 )

/| NN N
\ ¢ Shadiiieas o BANGLADESH
Z ! ; : 4 it i
\EEsh A H A TR Ay oninn f e ik
s ! i¥ A
oo SN SR % Vi
y » Re 3 A N
B § CAPE VERDL ¥ s g NIGER D MHALARD < %% P
wh "o Ty // CHAD Wil e

fonsic Lo o X {'supan

A CaMmoon

* iy sty \ ¢
e s R SRR, O e () s
/% s n & b ey 2
Y " SIERKA ) FHDN SBISNE | (3 X (.
NVENRZY R Leont oo N A a3 g icenTiAL
i s orT 45 Sl ARPRICAN KEPUBLIC |
A A Mparors, oy, e TS Bore Jefeaoon (TS ¥ \ SOMALIA .
o aceies viliundé MALDIVES
Y PENEDOS DE <
7L 4 e 3 S o N it Mogading
ToSorcs f
DEMOCRATIC ( +0 | ot
AN o
- ey 2 REPUBKIC, SR e
. Blaryawins, houirbun i g
& 2 b OF THE CONGO' - <vieterla G in?
7 S flevplied
e RS SEYEHELLES o=
wonl 7 i e
. ity J
Wy . 4 ‘CoMONOS ’ :
PRW oo 222, 2
4 Bt ks
a ¥ e X ¢ MOZAMBIQUE . (o, ; /i
3 3 Wi \bi o
HHAURIA A . W s Degks o098 4
TN crsunn s = SHDAGHSCAR 0o TS :
} ¢ Uioack i a7 e 7 Ao
i Gavoran ¢ 7 #
R S | S y AU S
L) { v 2 encar ncroms
: SOUTH A b Vit e
el {4 AFRIE, 7
3ol R
WEREEF oy p / 4
o R uenors avesa - -
ottt % Pnics il «
S Amcentzm g ¥

THISTAN DA CUNA 0, Hloa oo
£ e S e, Larcss)
ot il
S cena) [
French Southern and Antarctic Lands
FRANCE:

Iies caomT
5. and A Lands)

s wecur

4155, A




pr
3
2
i
G—
w
.
=]
L]
E
L]

lce-out (day of year)

Temperate lakes (=6l

Alpine lakex |n=T]
a

[a=15]

17 1750 1800 1850 1900 1950 2000

r= 457
(@=0003 |

1965 1970 1975 1980 1935 1920 1595 2000 2010

Year Al

Relative frequency (%)

One example is the increase in small planktonic diatoms with climate
warming (e.g. Cyclotella sensu lato, including representatives of
Cyclotella, Discostella, and Puncticulata) (Ru“hland et al. 2008).

Many studies have reported their increase and, in some cases, a
concomitant decline of large filamentous diatoms (e.g. Aulacoseira
taxa).

Increase in the length of the growing season and periods of high
stability of the water column (compared to those of intense mixing).

These species, as any other respond neither directly to weather nor
climate, but to proximal growing conditions hytoplankton species,
respond (nutrients, light, temperature, mixing regimes, grazing),
which can appear or disappear under different combinations of actors
forcing the lake system.

Therefore, Cyclotella or any other diatom taxon cannot be used as a
lake thermometer by itself.
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Acceleration of cvanobacterial dominance in north temperate-subarctic lakes
during the Anthropocene
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Increases in atmospheric temperature and nutrients from
land are thought to results in the expansion of harmful
cyanobacteria in lakes worldwide, yet to date there has
been no quantitative synthesis of long-term trends.

To test whether cyanobacteria have increased over the past
~200 years and evaluate the relative influence of potential
causal mechanisms, we synthesized 108 highly-resolved
sedimentary time series and 18 decadal-scale monitoring
records from north temperate-subarctic lakes.

We demonstrate that

1) cyanobacteria have increased significantly since ca.
1800 CE

2) they have increased disproportionately relative to other
phytoplankton

3) cyanobacteria increased more rapidly post ca. 1945 CE.

Submitted to Ecology Letters
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4) Variation among lakes in the rates of increase was best Analysis of fossil records containing biomarkers of both
explained by nutrient concentration, and temperature phytoplankton groups showed that non-linear increases after ca.
was of secondary importance. 1945 CE were significantly ((*yeu-pigmen=14-3, £<0.0001) and

T disproportionately larger for cyanobacteria than for diatoms.
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The question:

Reference condition for phosphorus in the large
ICHEIRELGS

Paleolimnological apporach:

Fossil diatoms




Maggiore

Asterionella formosa

Diatoma tenuis
Cyclotella comensis

Fragilaria crotonensis

Stephanodiscus minutulus & S.

hantzschii




96% 96% Cyclotella comensis

97% C. cyclopuncta

89% 89% g79
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ORIGINAL PAPER

Use of sedimentary pigments to infer past phosphorus
concentration in lakes
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Freshwater Biology

Freshuwater Biology (2012) doi:10.1111 /§.1365-2427.2012.0279.x

Detrital layers marking flood events in recent sediments of
Lago Maggiore (N. Italy) and their comparison with
instrumental data
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Freshwater Biology

Freshwater Biology (2012) doi:10.1111 /j.1365-2427.2012.02796.x

Detrital layers marking flood events in recent sediments of
Lago Maggiore (N. Italy) and their comparison with
instrumental data
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Fig. 7 Alignment of the composite record of detrital layers in core sequences LM la+b (dark bars, right) with daily Lago Maggiore lake level
and River Toce discharge data (light bars, left). The photograph shows core LM 1a with the position of the 11 lithological markers used for
dating the core sequences. Diamonds mark two distinct shifts in diatom compaosition documented in Marchetto ef al., 2004 and Guilizzoni ef al.,
2012,
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Local human perturbations increase lakes vulnerability to climate changes - A pan--European test

1 . comparing the responses of pelagic biological communities to climate change between the 15 lakes and
quantifying the synchronicity or in contrast the idiosyncracy in pelagic responses to CC

2 . To assess whether and to what extent the variability of responses depend on geomorphological
characteristics and intensity of local human pressures of lakes.
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Perturbations Impacts on Lake food webs : a paleo-
ecological approach




... take-home messages

* paleolimnology relies on interdisciplinary approaches to compensate for
information loss, and to resolve the complexity of differential interpretations
about ecosystem changes and driving forces. (Withmore Jlimnol 2014)

 morphologically comparable ecosystems under similar climate forcing are not
evenly sensitive and these differences in vulnerability to climate warming
depend on local stressors.

* Contribute to the debate about the predictability of the impacts of climate
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