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Abstract  Small lakes and wedands from high eleva-
tion within the Sierra Nevada Range (southem Spain)
preserve @ complete post-glacial Holocene record.
Isotopic, TOC and C/N analyses, carried out on a
sediment coee, show various stages in the evolution of
the Borreguiles de la Virgen, which today constitute a
small bog at about 2,950 m above sea level. Glacial
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productivity, which is confirmed by the microscopic
algal remains. Drier conditions became established
progvcy i i mea fm 10014700 al yrB.
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content and low §')C values). Unstable conditions
prevailed from 3,600 to 700 cal yr BP; an extremely
low sedimentation rate and scarcity of data from this

0 5,100 cal yr BP), as sugpested by ¥
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20, low TOC values and the highest 6°°C and 5N
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Fluctating conditions were reconded  during  the
fast ~700 cal yr BP, with wetter conditions prevailing
during the first part of the interval (with C/N rate below
20) up 10 350 years ago. In genenal, a gradual trend
toward more arid conditions occurred since ~ 6,900 -
calyr BP, with a funher increase in aridity sin-
ce ~5.100 cal yr BP. This evidence is consistent with
other contemporaneous peri-Mediterranean reconds.

Keywords Holocene - Wetlands - Southern Spain -
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Introduction

Many
of the Mediterranean region have focused on Holo-
cene climate change (deMenocal et al. 2000; Bar-
Matthews et al. 2000; Magny 2004; Zanchetta ot al.
2007). One recurring conclusion of this research
concerns the high sensibility of Mediterranean forests
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Vegetation, fire, climate and human disturbance history in the southwestern
Mediterranean area during the late Holocene
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Sierra Nevada
Southernmost alpine mountain range in Europe
Very interesting location with respect to biogeography and Paleoclimatology
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Sierra Nevada
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Sierra Nevada
More than 50 small lakes of glacial origin between 2800-3100 m,
many of them are permanent




Sierra Nevada
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Sediments bear fossil remains and other
organic/inorganic elements that are
going to give us information about
processes occurring in and around the
basin

Pollen grains

|

Vegetation changes



In the Mediterranean area:
-Warm and wet climates = More forest (i.e., Quercus)
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Vegetation belt

Elevation
(m)

Most characteristic taxa

Crioromediterranean

>2800

Festuca clementei, Hormatophylla purpurea,
Erigeron frigidus, Saxifraga nevadensis,
Viola crassiuscula, and Linaria glacialis

Oromediterranean

Supramediterranean

Mesomediterranean

1900-2800

1400-1900

600-1400

Pinus sylvestris, P. nigra, Juniperus
hemisphaerica, J. sabina, J]. communis subsp.
nana, Genista versicolor, Cytisus
oromediterraneus, Hormatophylla spinosa,
Prunus prostrata, Deschampsia iberica and
Astragalus sempervirens subsp. nevadensis
Quercus pyrenaica, Q. faginea, Q. rotundifolia,
Acer opalus subsp. granatense, Fraxinus
angustifolia, Sorbus torminalis, Adenocarpus
decorticans,

Helleborus foetidus, Daphne gnidium, Clematis
flammula, Cistus laurifolius, Berberis hispanicus,
Festuca scariosa and Artemisia glutinosa
Quercus rotundifolia, Retama sphaerocarpa,
Paeonia coriacea, Juniperus oxycedrus, Rubia
peregrina, Asparagus acutifolius, D. gnidium,
Ulex parviflorus, Genista umbellata, Cistus
albidus and C. lauriflolius

Jiménez-Moreno et al., 2013



Treeline: ca. 2500 m




Sierra Nevada

Lakes in Sierra Nevada are close to (above) treeline.

Pollen studies in these lakes are going to record “movements” of forest
species to higher elevations (warm period) or to lower elevations (cold
period) and thus are very sensitive to climate (treeline elevation change).

Y#& Pinus, Quercus
s




Sites studied in Sierra Nevada

LM: Laguna y Borreguiles de la Mula; BV: Borreguiles de los Tajos de la Virgen; BSJ: Borreguiles de San Juan;
LRS: Laguna de Rio Seco; BLR: Borreguiles de los Lavaderos de la Reina



Laguna de Rio Seco (3020 m)

Maximum depth: 1.7 to 3 m




Laguna de Rio Seco
Coring




Laguna de Rio Seco core

Laguna de Rio Seco

Core 06-01 MS (x10-5 SI) Sediment description
0 ) - 2 4 =] 8 10 12 1.4

Horizontally laminated
clays and bryophyte layers;
0to 37.5cm

Inclined laminated clays
and bryophyte layers 37.5
to 73 cm; transitions

to horizontal above and
below; rock at 42 cm

Depth (cm)

Silty peat, no obvious
laminations 73-133 cm;
rock at 86 cm;

clay layer at 100 cm,
brown bryophyte layer
at122.5-123 cm

Transition 133-135cm to
glacial clay silt and sand
to core bottom;

stones of mica schist at
134,138, 142 and 148 cm

Anderson et al., 2011




Age model Laguna de Rio Seco

Laboratory@odef Corefld DepthZ{cm)@ 14CAge{yrBP)E SDE(+)[ CalibratedAgel
(calFrBP)*oryra
ADQ
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ol 06-020 5.08 137Cs@ 6] 1963@ADHE
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UCIAMSB12550 06-011 20.0@ 15200 1508 13980
UCIAMS®H3003 06-010 26.5-27.08 22550 208 22340
UCIAMSB12560 06-010 40.08 30608 150 32950
UCIAMS®3004 06-010 46.00 35250 200 37860
UCIAMSB12578 06-010@ 60.0@ 4010@ 150 44800
UCIAMSB12580 06-010@ 80.0@ 54500 308 62460
UCIAMS®30058 06-018@ 83.0-83.50 55050 200 62980
UCIAMS®30060 06-010 109.50@ 655008 208 745308
UCIAMSB24950 06-010 123.0-124.00 8570M@ 600 95400
Depth (cm)
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\ - 0.13 emiyr

1000 T 0.008 cmifyr

~— 0.032 cmfyr
2000

— 0.012 cm/fyr

, Continuous Holocene record

_— 0.020 emiyr
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’/0.011 cmiyr

0.063 cm/fyr
- —0.023 emiyr

Age (cal yr BP)

__—0.007 cmiyr

2000
10000
11000

12000 YD

13000 ¢

Anderson et al., 2011



Laguna de Rio Seco, Sierra Nevada, Andalucia
Tree taxa (selected)

130+

140+

Age (cal yr BP)

Pollen results Rio Seco

11.2-10.6 ka (zone 1)-Steppe - cold and dry;

10.6-7.8 ka (zone 2a)-Increase in Pinus, deciduous forest and aquatics - warm and wet;

7.8-5.8 ka (zone 2b) Pinus maximum but decrease in deciduous trees - warm but drier;

0.2-0 (zone 5)-increase in Olea and Pinus - human impact.

@ 8 o
& o IR e CONISS ZONE
Se— (5]
10004
; 4
2000 >
3000+ - .
G S S = . I ]
4000+
D >
> - | 3a
5000+ -
F
6000+ bon St
e
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7000+ .
sooo [ GRS H NI [
9000 1 > 2a
100001 i
110004 o | L
0 4w 20 40 2 4 5 B
120004 Total sum of squares

Anderson et al., 2011 QSR.



Anthropogenic Signals (Anderson et al., unpub.)

Laguna de Rio Seco, Sierra Nevada, Spain (top core 08-01)

Trees and Shrubs
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Elevation: 2945 m
Surface area: < 1 ha
Core length =1.69 m

Coring Borreguiles de los Tajos de la Virgen




Borreguiles de los Tajos de la Virgen

Lithology - sedimentology

-2 0

MS (x10-5 Sl)

Z

4

6 8

Age (cal ka BP)
1 2 3 4 5 6 7 8 9

0- me

Depth (cm)
co
@

1004

120-

140-

1604

| ®mRejected AMS radiocarbon date

- 0.47 mmifyr

0.03 mmifyr

/

0.17 mmifyr

/ @
=
——— 0,20 mm/fyr

- 021 mmiyr

- 0.38 mmiyr

= Used AMS radiocarbon date

0.22 mmdyr

Continuous record of the last ca. 8.2 ka

Jiménez-Moreno & Anderson, 2012



Age (cal yr BP}

Pollen record Borreguiles de los Tajos de la Virgen
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Pollen record Borreguiles de los Tajos de la Virgen

500

10004

15004

2000

2500~

3000~

3500

Age (cal yr BP)
g
1

4500

5000+

5500+

6000~

6500~

7000

7500+

8000

8500~

8.2-7.0 ka Very abundant Pinus &Pediastrum - warm-wet climate
7.0-4.5 ka decrease in Pinus & Pediastrum, increase Poaceae - colder-drier climate
4.5 ka-250 yrs: decrease in Pinus, increase Artemisia, Amaranthaceae - arid climate

2% CONISS

,|E: , .

=

20 | 20

Last 250 yrs - increase in Olea, Pinus.
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Total sum of squares

40 200

Jiménez-Moreno & Anderson, 2012
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Comparison SN and other paleoclimate records Mediterranean

Vegetation in SN

' ‘ responded to global
changes in temperature

(insolation)

and precipitation.

warmer

GISP2 50 (%)

\ Warmest and wettest

- | | Period in SN corresponds
in age with African Humid
Period.

I
!
.

-

8
Pinus total (%) =

ol Progressive aridification
” is punctuated by
periodically enhanced
drought at ca. 6.5, 5.2 and

4301 w/m m,\ W .:
K L S 4 ka that coincide in
[ timing and duration with
/\/ » well-known dry events in
: the Mediterranean and

other areas.

Insolation 37°N (W/m2)

LdRS

Pinus total (%)

0 1 2 3 4 5 6 7 8 9 10 11 Jiménez-Moreno & Anderson, 2012
Age (cal ka BP)



Laguna de la Mula (2497 m)

ez s e

Elevation: 2497 m

Lake surface diameter: 45 m
Drainage basin: 25 ha
Maximum depth: 57 cm
Core length =33 cm




Depth (cm)

10 -

—
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1

N
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L
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15+

20+

251

30-

35+
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L 1 1 L L 1 L 1 1

AMS radiocarbon date
with 2 sigma error

mRejected AMS radiocarbon date

Jiménez-Moreno et al., 2013
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Quercus (%)

-
o

| m—— Quercus total
8 === deciduous Qudrcus 3b 3a
evergreen Queycus
6 &5 - \
4
2 | — —
0~ T T T T | T T ' T

Age (cal ka BP)

Arid period 3.8-3.1 ka

Humid period 3.1-1.8 ka
Milder conditions (e. Quercus) 3.1-2.5 ka

Humid conditions (d. Quercus; reduction seasonal contrast)
2.5-1.8 ka

Arid period 1.8-0.6 ka

Jiménez-Moreno et al., 2013
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3
\; Bond et al., 2001

Stacked (

L ~ Magni., 2004
+H0.26
[k Martin-Puertas et al., 2010
o 22z
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Fletcher et al., 2007; Reed et al., 2001; Carrién, 2002;
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Anderson et al., 2010
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North Atlantic Oscillation
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Weaker High pressure at High pressure at middle
middle latitudes allows latitudes drives North
storms to penetrate south, Atlantic storms further
leaving a wetter north, leaving a drier
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CONCLUSIONS

-Alpine lake and bogs in the Sierra Nevada record vegetation changes
that correspond to global climate changes.

-Vegetation responded rapidly to millennial-scale climate change and
thus alpine environments in SN are shown to be very sensitive (and
very fragile!).

-Human impact in the SN is very clear in the last centuries through
cultivation (i.e., Olea) and reforestation (Pinus),



