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Patagonian forests vulnerability to climate change:
Consequences for management and conservation
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Climate change influence worldwide, but presents different patterns according
to specific regions.
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Antarctica and oceans (Pacific and
Atlantic) influence over Tierra del
Fuego, where temperature and rainfall TTew R
patterns were highly correlated with
climate phenomena (e.g. ENSO).
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ENSO in summer is correlated
with sea temperature.
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Satellite data estimations of rainfall showed an
slightly increase, and a decrease in average
temperature of land and sea surface.



The objective was to determine changes in diversity, forest structure and
ecosystem processes and relate them with climate variables and indexes (e.g.

El Nino Southern Oscillation, ENSO; Southern Annular Mode, SAM) in the
short-medium-term (last 5-20 years).

Vegetation types

Mixed Nothofagus betuloides
1= - .y
and N. pw forests
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We employed long-term data in managed and

unmanaged Nothofagus pumilio forests in Tierra S
del Fuego and Santa Cruz provinces. We also |
employed long-term satellite data from MODIS
mission (land and sea surface temperature,
rainfall, primary productivity net) and climate
indexes (ENSO, SAM).




Two research strategies are indispensables to this task: (i) BACI approach (before- after-control-
impact), and (ii) long-term monitoring.

Tabla 1. Primeras parcelas de estudio a largo plazo en bosques de Patagonia Austral

.
First leng-term study plotsin sou Patagonianforests. O I d p I Ots I n
TaounaNeora 1985 Ralsos  TieradeiFuego .
1965 Talas ras Tierra del Fuego I I e r ra d e I

1965 Corasd Tierra del Fuego

1965 Talas ras Tierra del Fuego

1965 Talas rasas,raleosy podas Tierra del Fuego

1966 Talas ras Tierra del Fuego

adon del Toro 1966 R rtas de i Tierra del Fusgo

Lapataia-Ensenada 1966 R Tierra celFuego - - = Tabla 2. Parcelas de estudio permanentes a largo plazo
Lago Escondido 1966 Tierra del Fuego ~ . .
Currentlong-term study plots in southern Patagonia.

Aios des puds de bicort

1966 R Tierra del Fuego
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“AguasBlancas 1065 Talasrasas.rfaleosy podas  TiemadelFuego
Moat 1 ] Tierra del Fuego
San Justo ' Estrategias de raleo para reducirla caid: i Tierra del Fuego
e0s bajo dif i nta Cruz
Cortas derege Tierra del Fuego
Tierra del Fuego

Cancha Carrera
Los Cerros

MNibepo Aike sternas silvopastorile

Ahos des puss de bicorta
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NEW pIOtS in Parque nal . > io climétic Tierra del Fuego

Lago Escondido e0sy : Tierra del Fuego

T' d I Cerro Gloria . alpin: i ; Tierra del Fuego
Ierra e LagoViedma 1 on alpin: jo climatic Santa Cruz

Pirinaica 1 iF: iop: Tierra del Fuego
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Primary Productivity Net were related to temperature and rainfall gradients,
and extreme events (e.g. ENSO, SAM) influencing growing season, and

consequently over plant growth.
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Increment of diameter (mm.yr)

Primary Productivity Net were related to temperature and rainfall gradients,
and extreme events (e.g. ENSO, SAM) influencing growing season, and
consequently over plant growth.
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Growth and forest dynamics are influenced by the climate change during the last

century.

Changes in height growth patterns in the upper tree-line forests of
Tierra del Fuego in relation to climate change

Cambios en los patrones de creciniento de los bosques del limite superior altitudinal de
Tierra del Fuergo en relacion al cambio climatico
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Tree height growth in tree-line increases
from 1930 to 1990 and then begin to
decreases until present.




Also, crown dieback was detected resulting in changing site quality of the
natural forests in the steppe ecotone (less rainfall, higher summer temperature).

Tierra del Fuego (Nothofagus antarctica)
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Error Estadistico

Parametro Estimacion Estandar T
PP -532,927 220,761 -241,4

Valor-P
04 0.0313

PPN 10,013 32,987 303,543 0.0096

Analisis de Varianza
Fuente Suma de Cuadrados ‘uadrado

Total 5.02E+10

R-cuadrada = 68.0081 porciento

R-cuadrado (ajustado para g.l.) = 65.5472 porciento
Error estandar del est. =1111.81

Error absoluto medio = 700.558

Estadistico Durbin-Watson = 1.06329
Autocorrelacién de residuos en retraso 1 = 0.152612

Global =-5.32927*PP + 10.013*PPN
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Tree mortality in natural stands can be related with climate too, where yearly
rainfall (drought during summer) and primary productivity net (stand growth)
explain most of the tree losses.
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Frecuencia (miles.ha')

Supervivencia

Slightly variation mainly influence over season length, affecting the tree and
plant growth including reproduction, food availability for mammals, birds and
|nsects and |n consequence over the primary and secondary productivity.
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Seed production, recruitment and seedling mortality are related to land and sea
surface temperature and ramfall gradients, both during the previous winter and
middle summer. £ O
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5-A-SUM

T-MIN-WIN Table 3. ANOVAs for the seed production (SEE). recruit-

i i ment of seedlings (REC) and recruitment efficiency (EF) of
harvested stands with variable retention along the years after
harvesting (3 to 10 years).

SEE REC EF
(mill.ha.year™) (n.m”.year™) (%)
4.01 ab 8.3 ab 2.12ab
7200 192b 3.96b
 S-MIN-WIN PP-A-WIN PP-MIN-SUM 3.09a 11.5 ab 3.53 ab
S-MIN-WIN 3.01a 22a 1.62 ab
2 o > et T-MAX-WIN 7 4.74 ab 0.7a 0.18a
i ; i i S-MAN-SUM | 5.10 ab 0.7a 0.06a
1.0 Axis 1 10 12 Axis 1 0.8 -1.0 Axis 1 1.0 23434 03a 0.08 ab

2.57 ab 0.la 0.02a
3.14(0.003) 3.91(<0.001) 3.24(0.002)

Codes of climate variables are described in material and methods

Figure 1. Canonical correspondence analysis (CCA) for the seed production (SEE), recruitment of seedlings (REC) and recruitment Fp)
efficiency (EF) of the unmanaged primary forests (PF) and harvested stands with variable retention (AR = aggrepgated retention, F=Fisher test; (p) = probability. Different letters showed differ-
DRI = dispersed retention under the aggregated influence, DR = dispersed retention without aggregate influence). ences at p <0.05 with Tukey test.




Understory development were related to the summer length, where food
availability decrease in late spring for herbivorous. In consequence, browsing
over seedlmgs due to natural populations of Lama guanlcoe increased.
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Finally, we also related secondary productivity (e.g. forest bird biomass) with

primary productivity of forests, and it changed according this variable along the
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Finally, we also related secondary productivity (e.g. forest bird
biomass) with primary productivity of forests, and it changed
according this variable along the years.

Biomass open shrublands Density open shrublands
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Significant relationships were observed in biomass and density of
forest birds with PPN estimated through MODIS satellite images.




Long-term research allowed to understand the observed
changes in the forest ecosystem processes in the framework
of management proposals and climate change.

This monitoring is essential to develop new
management and conservation strategies to
increase the resilience of the natural forests.
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