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LAS MONTANAS SON UNICAS

1. Alta diversidad climatica en el espacio
2. Alta diversidad climatica en el tiempo

3. Parametros fisicos
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South North
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3000 m Moss and lichens
2900 m

ALPINE zone
Alpine meadows

2400 m
2200 m

SUBALPINE Zone
Conifer forests

1700 m

MONTANE zone
Mixed forests

FOOTHILLS Zone
Deciduous forests

- Alta tasa de especiacion

- Coexistencia

- Persistencia de linajes
de diferente trayectoria
evolutiva
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MIDIENDO LA BIODIVERSIDAD

McaGill et al. (2015) Trends Ecol & Evol



MIDIENDO LA BIODIVERSIDAD

Diversidad a

Riqueza de especies

Diversidad B



MIDIENDO LA BIODIVERSIDAD

Informacion

) Comprensible
Adecuada
Cientificamente rigurosa
Estandarizada
Relevante

d
. b
Conventionon C))
d)
e)

f) Global
g) Representativa

(

(

i o (
Biological Diversity |
(

(

(

S Causas subyacentes de la
pérdida de biodiversidad

Reducir las presiones directas sobre la

>
biodiversidad y promover el uso sostenible

Mejorar el estado de |la biodiversidad salvaguardando

los ecosistemas, las especies y la diversidad genética

, Mejorar los beneficios para todos de |a

biodiversidad y los servicios de los ecosistemas
Pereira et al (2013) Essential Biodiversity Variables. Science

;hnﬁlﬁw h@%ﬁ E’ii&qf essential biodiversity variables for detecting critical

biodiversity change. Biological Reviews



MIDIENDO LA BIODIVERSIDAD
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Causas subyacentes de Ia Reducir presiones directas

pérdida de biodiversidad ~ Sobre la biodiversidady
promover el uso sostenible

PN QTP

Mejorar estado Mejorar los N
de biodiversidad  beneficios  IMPlementacion

aﬁ‘ mﬁ 117418

@ Main contribution

Supplementary contribution

Genetic. ) Allelic diversity
composition - Go-ancestry La|diversidad genética| es el componente basico de Ia
e biodiversidad y permite que las especies
e persistan al cambio ambiental a escalas
cortas (ecologicas) y largas (evolutivas)
. l . de tiempo
Dea thbyCh I Endogarnia | Exogamia
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Der|va gemca Depresion endogamica

> Favorece la riqueza de especies
—

Funcionamiento y la resiliencia

2ereira et al (2013) Science

6\/0[““"\[& Schmeller et al (2019) A suite of essential biodiversity variables for detecting critical

biodiversity change. Biological Reviews



Mejorar los

beneficios para

todos de la

biodiversidad y

los servicios de Implementacion

Mejorar el estado de
la biodiversidad
salvaguardando
ecosistemas, especies
y diversidad genética

Reducir las presiones directas
sobre la biodiversidad y
promover el uso sostenible

los ecosistemas
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Muertes Emigracion

Causas subyacentes de la
pérdida de biodiversidad

@ Main contribution

() Supplementary contribution

Cantidad, no|s6lo presencia
Species Species distribution/
populations range dynamics
Population abundance
Survival rates 5 Condiciones
a"g;‘;';?;;‘;“"‘““ by ambientales
f Variaciones

<€
+ +

Nacimientos Immigracion

Pereira et al (2013) Science

Schmeller et al (2018) A suite of essential biodiversity variables for detecting critical
biodiversity change. Biological Reviews



It's official, we're in the Anthropocene

Los problemas de las poblaciones pequeias

_ Las poblaciones pequefias tienen una mayor tendencia a
P°PU|at|°n~e, extinguirse debido a:

over-exploitation %
habitat los Vg, g i
small populatTOn %' (1) PERDIDA DE VARIABILIDAD GENETICA
e

OOnwcd\ 4
rify > P P
— pghaViOr* o4 (2) VARIACION DEMOGRAFICA
9

e vaiabily, (3) VARIACION AMBIENTAL

lower adaptabliity and fitness
higher mortality, lower reproduction

Variaciéon ambiental

Eventos catastréficos

smaller population Cambio climdtico global

o

4 vy - .
Mayor deriva Mavor
f\‘.l)\)[ ) K Mayor
subdivisién ;

depresién vatiacion
de la poblacién

'
gendrica; menor Menor tamano

EXTINCION

capacidad de poblacional efectivo

endogdmica demogrifica (N,)

adapracion por fragmentacién

N

Destruccion del hdbirat
Degradacién ambiental
Fragmentacion del habitat
Sobreexplotacion

Efectos de especies invasoras

Gilpin & Soulé (1986)



Un ecosistema sano y resistente depende de las diferentes caracteristicas
de las especies y lo que cada una de ellas aporta al ecosistema

Community 1 Community 2

sp2

sp5

Pereira et al (2013) Science

Schmeller et al (2019) A suite of essential biodiversity variables for detecting critical
biodiversity change. Biological Reviews



CONSERVACION VIDA EN LA TIERRA

La biodiversidad es siempre buena *’ﬁ
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VALOR UTILITARIO DE BIODIVERSIDAD

Funciones de los ecosistemas

Produccidén primaria

Turismo y ciencia
1. Funciones del habitat

2. Funciones regulatorias

3. Funciones productoras
4. Funciones culturales

Ciclo de nutrientes Resiliencia Clima y gases atmosfericos

Darwin (1859) On the Origin of species
Groot et al. (2002)



MOUNTAIN ECOSYSTEM GOODS AND SERVICES
Nieves Lopez Izquierdo (https://www.grida.no/resources/12619)

9 Recreation ! ’ Indicators of
/ spor}a:ﬂ tourism \\ R 4 : " global changes

Mineral resources

Water provision



PERDIDA BIODIVERSIDAD

El mundo esta cambiando, y la biodiversidad no es una excepcion

It's official, we're in the Anthropocene

Causas de pérdida de biodiversidad:

1. Pérdida de habitat y fragmentacion

2. Contaminacion
3. Sobrexplotacion

4. Cambio climatico

5. Especies invasoras



ESCENARIOS DE BIODIVERSIDAD

1. Extincion de especies

2. Cambios en la abundancia de especies
v estructura de comunidades

3. Cambio distribucion de especies



TYPICAL CLIMATE-RELATED HAZARDS IN MOUNTAINS
Shari Nijman (https://www.unep.org/fr/node/24048)
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Movimiento - Importante rasgo de vida

Nathan et al (2008) PNAS

e N

Conspecificos

Factores internos Ambiente

Tiempo

O\

Supervivencia Reproduccion

Tamafo poblacion(t) Tamafio poblacion (t+1)

Morales et al (2010) Phil Trans R Soc B
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Conclusiones

Cambios en los numeros
Cambios en la fenologia

Ojo! Diferencias entre especies
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Delgado et al. Frontiers in Zoology ~ (2018) 15:41
hitpsfidol.org/10.1186/512963-018-0286-5

Frontiers in Zoology

RESEARCH Open Access
W

The seasonal sensitivity of brown bear
denning phenology in response to climatic
variability

M M Delgado' '@, G Tikhonov?!, E Meyke®, M Babushkin®, T Bespalova®, S Bondarchuk®, A Fsengeldenova®,
| Fedchenko’, ¥ Kalinkin®, A Knorre?, G Kosenkov'®, V Kozsheechkin®, A Kuznetsov®, £ Larin'", D Mirsaitov'?,

I Prokosheva', Y Rozhkov™, A Rykov’, | V Seryodkin'*'®, § Shubin', R Sibgatullin', N Sikkila™®, £ Sitnikova'®,
| Sulranqaree«.ram, A Vasin'? L Yarushina® ) Kurhinen®?' and V Penteriani'*?

Abstract

Background: For brown bears (Ursus arctos), hibernation is a critical part of the annual life cycle because energy
savings during hibernation can be crudial for overwintering, and females give birth to cubs at that time. For
hibernation to be a useful strategy, timing is cntical. However, environmental conditions vary greatly, which might
have a negative effect on the functionality of the evolved biological time-keeping. Here, we used a long-term
dataset (69 years) on brown bear denning phenology recorded in 12 Russian protected areas and quantified the
phenological responses to variation in temperature and snow depth. Previous studies analyzing the relationship
between dimate and denning behavior did not consider that the brown bear response to variation in dimatic
factors might vary through a period preceding den entry and exit. We hypothesized that there is a seasonal
sensitivity pattern of bear denning phenology in response to variation in climatic conditions, such that the effect of
climatic variability will be pronounced only when it occurs close to den exit and entry dates.

Results: We found that brown bears are most sensitive to climatic variations around the observed first den exit and
last entry dates, such that an increase/decrease in temperature in the periods closer to the first den exit and last
entry dates have a greater influence on the denning dates than in other periods

Conclusions: Our study shows that dimatic factors are modulating brown bear hibernation phenology and provide
a further structuring of this modulation. The sensitivity of brown bears 1o changes in dimatic factors during
hibernation might affect their ability to cope with global dimate change. Therefore, understanding these processes
will be essential for informed management of biodiversity in a changing world.

Keywords: Climate change, Denning ecology, Hierarchical Gaussian process, Hibernation, Time-varying coefficients,
Ursus arctos

Background

Animals g internal time-keeping with in-

Hibernation is an important life history activity that coin-
cides with unfavorable periods (eg., winter in areas of high

Ik i

formation from external cues to prepare for predictable,

latitude) and represents an adaptation for coping with harsh

annual changes in their (e, it is d
that animals can use environmental information to adjust
the timing of various life history activities) [1-3].

* Comespondence: delgado mmarggmail com
M M Delgado and G Tikhonow contributod eaqually 1o ths work
"Research Unit of Biodiversity (UMIB, UO-CRC-PA), Oviedo University,
Campus Mieres, 33600 Micres, Spain

Full kst e author information is available ot thee ond of the anide

N ™AL~

| conditions, such as low temperatures and
low food abundance [4]. Hibernation is characterized by

porary, d reductions of several physiological
functions in heterothermis ls and the
most effective means for endotherms to conserve energy
through the winter when food supply is limited [4, 5]. The
state of torpor in hiberating species might last for several
weeks or months, and many individuals can remain more

© The Auhalsd. 2010 Open Accoss This antick b distibuted under the terms of the Cieative Comman Atrbation 40
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Primaveras calidas = 0sos salen antes de las oseras
Otonos calidos = 0sos entran mas tarde en las oseras

El cambio climatico afecta
la hibernacion de los 0s0s

 Estrés energético
» Disminuye la supervivencia de
los oseznos y el fitness

f Aumenta los conflictos con los
humanos

* Aumenta las tasas metabolicas

| Desajustes troficos




Factores que influyen en los dafos producidos por

el oso en la Cordillera Cantabrica y los Pirineos

https://doi.org/10.1111/jz0.12839

Alejandra Zarzo-Arias, Marfa del Mar Delgado, Santiago Palazén Mifiano, Ivan Afonso
Jordana, Giulia Bombieri, Enrique Gonzalez-Bernardo, Andrés Ordiz & Vincenzo Penteriani.
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ESTACIONALIDAD
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PRODUCTIVIDAD
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PRODUCTIVIDAD

Diferentes actividades
y métodos de

Mayor temperatura =

prevenCién Mayor polinizacién =

Mayor productividad =

MAS DANOS (mayor atraccién)



Number of attacks
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CONSERVACION
g 4
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Vincenzo Penteriani (2016) Scientific Reports
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Large carnivore species involved
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Percentages for the elements of the media reports
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Bombieri (2018) Biosciences
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¢ Qué variables climaticas estan cambiando la fenologia®?
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BIOLOGICAL SCIEMCES: Ecology

Differences in spatial versus temporal reaction
norms for spring and autumn phenological
events
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Hay vida!

Frio
No mucha comida
Dias cortos, noches largas



Migracion B e,

Autumn migration routes:

1 Pectoral Sandpiper (Siberian population)
2 Wheatear (Alaskan population)

3 Sanderiing

4 Red-cyed Vireo

& Golden Plover

6 Wheatear (sastern Canadian population)
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Physiology

Delgado et al. (2019) Scientisfic Reports

Ecotypic responses of alpine birds to
climate change

Delgado et al. (2019) Scientisfic Reports e

British Ecological Society
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Cambio climatico
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Table 1. Model-averaged coefficients, AlCc, AAICc, weighted AICc and RIV values for morphometric and colour
features against climatic variables

(A)

Tarsus (mm)

Saturation of brown patches

1880 1900 1920 1940

Dependent variable | Competing models AlCc |AAICc | Weighted AlCc
Temp + Sex 1197.30| 6.37 0.03
Temp + Precip 1197.04| 6.12 0.03
Temp 1195.24| 4.32 0.07
Sex + Temp*Precip 1193.00| 2.08 0.22
Temp*Precip 1190.92| 0.00 0.64

Model-averaged
Explanatory variables coefficients and relative
importance values
B SE p RIV
Intercept 23.1481 0.4912 <2e-16
Precip 0.0604 0.1500 0.6884 0.90
Temp -0.4223 0.1076 <0.001 1.00
Precip*Temp -0.2437 0.0846 <0.001 0.86
Sex -0.0168 0.1697 0.9212 0.26
Null -301.78 | 13.14 0.00
Precip -302.29 | 12.63 0.00
Temp -307.54 | 7.38 0.02
Precip + Temp -307.80 | 7.12 0.03
Temp*Precip -314.92 | 0.00 0.95
Model-averaged
Explanatory variables coefficients and relative
importance values
B SE p RIV
Intercept -0.2604 0.0239 <2 e-16
Precip 0.0408 0.0158 0.0103 0.98
Temp 0.0532 0.0149 0.0004 1.00
Precip:Temp 0.0433 0.0177 0.0151 0.95

Year

Estimated coefficient for mean temperature (°C)

0.05

0.00

-0.05

-0.10

-0.15

0.04

0.02

0.00

(©)

(D)
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Mean precipitation (mm)



Migratio

Resano- Mayor (2020) Global Ecology and Conservation

Partial migration of the White-winged Snowfinch is
correlated with winter weather conditions

Resano-Mayor et al. (2020) Global Ecology and Conservation
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Afecta las condiciones
climaticas durante el invierno la
probabilidad de migrar?
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Flujp - Estructura genetica & rescate
genético de poblaciones aisladas

Cambio climatico

- < Propensidad migracion?
Inviernos templados
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Phenology

Delgado et al. (2021) Proc. R. Soc. B

Spatio-temporal variation in the wintering
associations of an alpine bird

Delgado et al. (2021) Proc. R. Soc. B 288: 20210690
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Respuestas a los cambios en el
clima durante el invierno
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