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Introduction	

Climate	change	 is	one	of	 the	most	 important	global	processes	 that	 the	Biosphere	 is	experiencing,	and	
mountain	 ecosystems	 are	 very	 sensitive	 to	 climate	 warming	 (Nogues-Bravo	 et	 al.	 2007;	 Santiago	 et	 al.	
2016).	Mountain	streams	are	directly	affected	by	climate	change,	and	populations	of	cold	water	organisms	
are	 expected	 to	 reduce	 in	 numbers	 in	 southern	 latitudes	 due	 to	warming.	 Knowing	 how	and	how	much	
they	can	be	affected	is	key	to	plan	conservation	strategies.	

This	research	aims	to	disentangle	how	climate	change	has	affected	the	stream	biology	of	the	Sierra	de	
Guadarrama	National	Park	and	to	predict	its	evolution	for	implementing	an	adaptation	strategy.	

Materials	and	methods	

The	 evolution	 of	 the	 air	 temperature	 (AT)	 since	 1946,	 1961	 and	 1986	 was	 studied	 at	 three	
meteorological	 stations:	 Puerto	 de	 Navacerrada	 (AT1),	 Rascafría	 (AT2)	 and	 Soto	 de	 El	 Real	 (AT3),	
respectively.	Stream	temperature	(ST)	was	recorded	in	several	locations	in	the	Cega	(ST1,	n=2),	Lozoya	(ST2,	
n=4)	and	Manzanares	(ST3,	n=2)	streams	as	part	of	a	monitoring	program	which	is	still	active,	and	models	
were	 performed	 to	 rebuild	 streams	 historical	 temperature	 from	 air	 temperature	 (Santiago	 et	 al.	 2017).	
Significance	of	 air	 and	 stream	 temperature	 changes	during	 last	decades	was	analysed	using	Sen-slope	 (R	
Trend	package	 (Pohlert	2016),	p-value	≤	0,05),	 and	predicted	changes	due	 to	 climate	change	 throughout	
the	XXIth	century	were	modelled	(Ribalaygua	et	al.	2013)	using	IPCC	scenarios	RCP4.5	and	RCP8.5	of	the	5th	
Assessment	Report	(IPCC	2013).	Studied	variables	were	annual	average	of	daily	means,	annual	average	of	
daily	maxima,	annual	average	of	daily	minima,	and	annual	absolute	maxima	and	minima.	

To	 assess	 the	 effect	 of	 temperature	 changes	 on	 cold	water	 biota	we	used	brown	 trout	 (Salmo	 trutta	
Linnaeus,	1758)	as	 indicator	 species,	 applying	 the	 thermal	 thresholds	described	 in	 Santiago	et	 al.	 (2016).	
Number	 of	 days,	 events	 of	 7-consecutive	 days	 and	 maximum	 length	 of	 the	 events	 per	 year	 in	 which	
threshold	was	overpassed	were	studied	for	this	purpose.	

Results	and	concluding	remarks	

As	a	result,	maximum	air	temperatures	increased	in	the	two	highest	meteorological	stations	during	the	
second	half	of	the	past	century,	while	annual	average	of	daily	minimum	temperatures	decreased	in	AT2	and	
increased	 in	AT1.	Changes	 in	AT3	 station	were	not	 significant	except	of	absolute	annual	minimum	which	
decreased.	 In	contrast,	models	only	showed	significant	stream	temperature	changes	 in	the	ST1	stream	in	
the	past.	

Although	the	thermal	changes	are	 little	conspicuous	 in	the	past,	according	to	different	climate	change	
scenarios	 (RCP4.5	and	RCP8.5),	models	predict	significant	 increases	 in	water	temperature	throughout	the	
current	 century	 in	 the	 three	 streams.	 As	 it	 could	 be	 expected,	 these	 changes	 are	 highest	 in	 the	 RCP8.5	
scenario.	 The	 temperature	 increase	 pathways	 are	 very	 similar	 for	 both	 scenarios	 until	 middle	 of	 the	
century;	at	this	point,	the	increase	in	the	RCP8.5	scenario	is	higher.	From	the	middle	of	the	century	on,	the	
brown	 trout	 thermal	 threshold	 violations	will	 become	more	 frequent,	 thus	 compromising	 the	 viability	of	
resident	trout	populations	in	the	lowest	reaches.	

We	conclude	that	although	stream	thermal	changes	were	not	significant	 in	the	past	 in	the	study	area,	
they	are	expected	to	be	quantitatively	 important	 in	a	near	 future	 involving	dramatic	changes	 in	 the	river	
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ecosystems.	 These	 findings	 might	 be	 useful	 for	 planning	 actions	 to	 prevent	 and	 mitigate	 the	 negative	
effects	of	climate	change	on	streams	in	the	range	of	the	Sierra	de	Guadarrama	National	Park.	
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