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Phylogeny

Chiari et al. BMC Biology 2012, 10:65 



�6

Amphibians Reptiles

skin numerous	glands,	generally	wet,	
without	scales

without	or	with	limited	number	
of	glands,	dry,	with	scales

reproduction
most	of	them	in	water,	 

larval	stage
no	links	with	water,	 
without	a	larval	stage

eggs most	of	them	in	water,	packed	in	
tranparent	jelly

not	in	water,	hard	shell	 
(leathery	or	with	calk)

venom passive	transmission	of	venom,		
toxic	skin	as	passive	protection

	some	species	with	active	venom	
injection

habitats
Generally	in	humide	and	shady	
areas,	nearby	or	directly	in	

aquatic	habitats

Generally	dry	and	warm	
habitats,	away	from	aquatic	

habitats

migration large	seasonal	movements	
inducing	big	traffic	problems

no	or	limited	seasonal	
movements,	limited	traffic	

problems

Amphibians	–	reptiles	-	differences



• first	reptiles:	about	320-310	millions	years	ago	
• embryo	is	protected	against	dehydration	
• ≈	305	millions	years	ago:	 
a	dryer	period	➜	new	habitats	for	reptiles	

• Mesozoic	(252-66	mya):	“Age	of	Reptiles”	
• large	disparition	of	species:		≈	252	and	65	millions	years	ago
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First	reptiles



Mesozoic
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Quick	systematic	overview

source: http://www.reptile-database.org

total	species	
(oct	2017) CH	species

Order	Crocodylia	(crocodiles)	 
Crocodiles,	alligators,	caimans	and	garvial 24 0

Order	Testudines	(turtles) 
terrestrial	and	aquatic	turtles	(tortoises	and	turtles) 350 1

Order	Rhynchocephalia		  
Tuataras 1 0

Order	Squamata	(scales	repbles)
				clade	Amphisbaenia	(worm	lizards) 139 0
				clade	Lacerblia	or	Sauria	(lizards) 6399 6
				clade	Ophidia	or	Serpentes	(snakes) 3672 9
Total 10639 16

http://www.reptile-database.org
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Worldwide	diversity	of	reptiles	(2015)

source: http://www.reptile-database.org

http://www.reptile-database.org


Order	Testudines	
	 	 Family	Emydidae	(Pond	Turtles)	
	 	 	 European	pond	turtle	 Emys	orbicularis	

Order	Squamata	
clade	Lacertilia	
	 	 Family	Anguidae	(Slow	worms)	
	 	 	 slow	worm	 Anguis	fragilis	
	 	 	 Italian	slow	worm	 Anguis	veronensis	

	 	 Family	Lacertidae	(Lizard)	
	 	 	 viviparous	or	common	lizard	 Zootoca	vivipara	
	 	 	 sand	lizard	 Lacerta	agilis	
	 	 	 Western	green	lizard	 Lacerta	bilineata	
	 	 	 wall	lizard	 Podarcis	muralis
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Turtles	and	lizard	of	Switzerland



Order	Squamata	
clade	Ophidia	

	 	 Family	Colubridae	(Colubrids)	
	 	 	 Western	grass	snake	 Natrix	natrix	
	 	 	 Barred	grass	snake	 Natrix	helvetica	
	 	 	 Dice	snake	 Natrix	tessellata	
	 	 	 Viperine	snake	 Natrix	maura	
	 	 	 Smooth	snake	 Coronella	austriaca	
	 	 	 Green	whip	snake	 Hierophis	viridiflavus	
	 	 	 Aesculapian	snake	 Zamenis	longissimus	

	 	 Family	Viperidae	(Vipers)	
	 	 	 Adder	 Vipera	berus	
	 	 	 Asp	viper	 Vipera	aspis
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Snakes	of	Switzerland
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Slow	worms	(Anguis	fragilis)



• length:	about.	40	cm	(♂	max.	48	cm,	♀	max.	38	cm)	
• long	tail,	snout-vent	length	only	about	1/3	of	the	total	length	
• bright	and	smooth	scales		
• similar	scales	on	the	back	and	on	the	belly	(on	the	opposite	to	
snakes)	

• coloration:	grey	to	copper	brown;	 
♂:	generally	uniformly	grey,	sometimes	with	blue	dots,	 
♀	and	juveniles:	dark	on	the	flancs,	generally	with	a	small	dark	line	
on	the	back	

• viviparous	
• harmless
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Slow	worm	-	characteristics



easy	to	find	under	plates,	boards,	etc…



difference	with	snakes



♂



♀
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altitudinal	range:	230	–	2100	m	asl	

median:	about	680	m	asl

Slow	worms	-	Swiss	distribution



Italian	slow	worm,	young	male
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Italian	slow	worm,	female
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Sand	lizard	(Lacerta	agilis)



• solid	body,	large	head	
• round	body	section	
• short	tail,	about	1/2	of	the	total	length	
• length:	a	bit	more	than	20	cm	(♂	max.	22	cm,	♀	max.	21	cm)	
• coloration:	♂	light	green	on	the	flancs,	but	braun	on	the	back.	  
♀	and	juveniles:	braun	with	spots	(light	with	edged	with	black)	
on	the	flancs	

• oviparous	
• relatively	slow	lizard,	and	really	agile	
• do	not	clim	vertical	structures
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Sand	lizard	-	characteristics



♀



♂
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altitudinal	range:	330	–	1580	m	asl.	

meadian:	ca.	530	m	asl

Sand	lizard	-	Swiss	distribution
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Viviparous	lizard	(Zootoca	vivipara)



• small	and	slender	body	
• small	and	round	head	
• round	body	section	
• tail	relatively	long,	about	2/3	of	the	total	length	
• the	smallest	Swiss	lizard	about	15	cm	(♂	max.	15	cm,	♀	max.	15	cm)	
• coloration:	always	braun,	with	different	shades	of	braun,	some	dorsal	
marks	darker;	belly	is	lighter,	but	can	be	orange;	totally	dark	
individuals	frequent,	especially	juveniles		

• viviparous	
• move	in	the	vegetation	more	or	less	like	a	snake	
• does	not	climb	vertical	structures
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Viviparous	lizard	-	characteristics
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altitudinal	range:	330	–	2500	m	asl	

median:	1100	m	asl

Viviparous	lizard	-	Swiss	distribution
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Wall	lizard	(Podarcis	muralis)



• slender	thin	body	
• flat	body	section,	with	a	sharp	snout	
• long	tail,	about	2/3	of	the	total	length		
• long	and	fine	fingers	
• length:	16	-	20	cm	(♂	max.	21	cm,	♀	max.	16	cm)	
• coloration:	colour	and	pattern	variable,	generally	braun	with	dark	
markings 
♀	and	juveniles:	with	dark	flancs,	less	flecked	than	males		

• oviparous	
• very	quick,	very	good	climber	on	wall	or	other	vertical	structures		
• frequent	in	human	modified	habitats
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Wall	lizard	-	characteristics
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altitudinal	range	:	190	–	2200	m	asl	

median:	ca.	650	m	asl

Wall	lizard	-	Swiss	distribution
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Western	green	lizard	(Lacerta	bilineata)



• large,	massive	body	
• massive	head,	especially	for	♂	
• body	section	round		
• long	tail,	about	2/3	of	the	total	length	
• the	largest	Swiss	lizard:	generally	about	30	cm	(♂	max.	36	cm,	♀	max.	33	cm)	
• coloration:	♂	light	green,	both	on	the	side	and	the	flanks;  
	♀	and	juveniles:	more	variable,	but	totally	green,	without	dots.	Frequently	
with	2	fines	light	lines	on	the	back.		

• oviparous	
• quick,	normal	very	shy	
• generally	do	not	clim	on	vertical	structures
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Western	green	lizard	-	characteristics
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altitudinal	range:	190	–	2020	m	ü.M.	

median:	ca.	710	m	ü.M.

Western	green	lizard	-	Swiss	distribution
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Grass	snakes	(Natrix	natrix	and	N.	helvetica)



• quite	massive	snake	(especially	♀	♀)	
• size:	up	to	130	cm	(♂	max.	91	cm,	♀	max.	140	cm)		
• round	pupil	
• keeled	dorsal	scales		
• coloration:	variable,	generally	grey	or	braun,	more	rarely	olive	or	blue-grey,	
sometimes	black.		With	lines	on	the	flancs	and	on	the	back,	larger	for	N.	helvetica	
than	for	N.	natrix.	

• two	crescent-shaped	marks	yellow	followed	by	black	on	the	neck;		the	crescent-
shaped	marks	can	be	white	or	orange,	or	even	lacking.		

• oviparous	
• relatively	quick,	shy	
• very	good	swimmer	and	diver	
• as	defensive	behavior:	cloacal	gland	secretion,	hissing,	or	can	feign	death	
• not	venomous,	do	not	bite
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Grass	snakes	-	characteristics
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Natrix helvetica

Natrix natrix

Natrix helvetica

Natrix natrix altitudinal	range:	190	–	1970	m	asl.	

median:	about.	550	m	asl.

Grass	snakes	-	Swiss	distribution
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Dice	snake	(Natrix	tessellata)	and	viperine	snake	(N.	maura)

Natrix	tessellata

Natrix	maura



•morphologically	and	ecologically	very	similar	

• size:	N.	tessellata:	about	110	cm	(♂	max.	76	cm,	♀	max.	117	cm) 
N.	maura:		about	70	cm	(♂	max.	60	cm,	♀	max.	81	cm)	

• small	head,	slender	snout	
• round	pupil	
• keeled	dorsal	scales		
• coloration:	braun/grey,	sometime	a	bit	more	olive.	N.	tessellata	with	regular	black	
marks	on	the	back	and	on	the	flanks;	N.	maura	more	with	a	zigzag	on	the	back	

• viviparous	
• aquatic	species	that	eat	mainly	fish	(some	amphibians),	so	very	good	swimmer	and	
diver	

• run	away	in	water	when	disturbed	
• as	defensive	behavior:	cloacal	gland	secretion,	hissing,	or	can	feign	death	
• non	venomous,	do	not	bite
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Dice	snake	and	Viperine	snake	-	characteristics



Dice	snake	  
(Lumino,	TI)



Viperine	snake	  
(GE)
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Dice	snake	and	Viperine	snake	-	Swiss	distribution

al2tudinal	range:	190	–	900	m	asl	

median:	env.	400	m	asl

altitudinal	range:	380	–	480	m	asl	

median:	about	400	m	asl
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Smooth	snake	(Coronella	austriaca)



• thin,	slender	snake,	the	smallest	species	in	Switzerland	
• size:	generally	about		60	–	70	cm	(♂	max.	75	cm,	♀	max.	95	cm)		

• head	not	differentiated	from	the	body	
• round	pupil	
• dorsal	scales	not	keeled	(seems	to	be	very	smooth)	
• coloration:	grey,	braun	or	beige;	some	dark	braun	marks	on	the	backs	with	pattern	
changing	between	individuals,	sometimes	forming	lines	

• one	typical	line	on	the	head	going	through	the	eye;	marks	on	the	head	and	on	the	neck	
that	are	individually	specific.	

• viviparous	
• prey:	mainly	reptiles,	also	small	mammals	
• can	bite	if	captured	
•move	slowly;	normally	do	not	escape	or	only	really	late	before	being	capture			
• very	shy	species,	difficult	to	see	exposed	
• non	venomous,	but	can	bite	(harmless)
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Smooth	snake	-	characteristics
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altitudinal	range:	210	–	2240	m	asl	

median:	about	750	m	asl

Smooth	snake	-	Swiss	distribution
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Green	whip	snake	(Hierophis	viridiflavus)



• slender	but	,	strong	body	
• size:	up	to	150	cm	(♂	max.	192	cm,	♀	max.	140	cm)		
• head	not	separated	from	the	body	
• round	pupil	
• dorsal	scales	not	keeled	
• coloration:	adult:	quite	dark	with	some	yellow	spots;	juveniles	more	braun	
• oviparous	
• prey:	not	specific,	eat	more	or	less	everything	(reptiles,	mammals,	birds)	
• move	very	quickly,	noisily	with	a	large	escape	distance	
• when	captured:	bite	immediately,	very	agressive.	
• non	venomous	(harmless)	
• frequent	in	Ticino
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Green	whip	snake	-	characteristics
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altitudinal	range:	195	–	1100	(1800)	m	asl	

median:	about	550	m	asl

Green	whip	snake	-	Swiss	distribution
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Aesculapian	snake	(Zamenis	longissimus)



• slender,	strong,	elegant	body	
• size:	generally	up	to	150	cm	(♂	max.	148	cm,	♀	max.	122	cm)	
• head	not	separated	from	the	body	
• round	pupil	
• dorsal	scales	not	keeled	
• Coloration:	braun,	sometime	quite	light,	can	also	be	a	bit	greenish	or	yellowish.	
Sometime	lateral	bande	a	bit	darker.	Juveniles	with	a	small	"collar"	like	the	grass	snakes,	
with	more	dark	marks	on	the	back.		

• oviparous	
• prey:	small	mammals,	birds,	eggs,	rarely	reptiles	
• move	slowly,	short	escape	distance,	stay	generally	without	movement	
• very	discreet	snake	
• can	bite	when	captured	
• not	venomous	(harmless)
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Aesculapian	snake	-	characteristics
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altitudinal	range:	200	–	1000	(1600)	m	asl	

median:	about	550	m	asl

Aesculapian	snake	-	Swiss	distribution
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venomous	snakes	in	Switzerland

adder	(Vipera	berus)asp	viper	(Vipera	aspis)



• there	is	no	clear	separation	between	venomous	and	non	venomous	snakes	
• most	of	the	species	are	not	producing	venom	and	are	so	considered	as	non	venomous	
• some	species	produce	venom,	but	cannot	actively	inject	it	(no	fang)		
• some	species	produce	venom,	can	inject	it	but	the	venom	has	practically	no	impact	on	human	or,	
the	amont	is	too	low	

• only	a	small	proportion	of	snakes	produce	highly	toxic	venom	for	human	and	can	inject	it		
• of	the	3000	snake	species,	about	540	species	have	real	impact	on	human	
• so	the	medical	impact	of	snakes	in	Europe	is	very	limited:	only	2	venomous	species	in	Switzerland,	
about	9	species	in	Europe
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What	is	a	venomous	snake?
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Venomous	or	not?	

size:	>	90	cm	=	not	venomous				(be	careful:	the	size	of	a	snake	is	always	overestimated!)	
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Asp	viper	and	adder	-	differences

Asp	viper	(Vipera	aspis)

adder	(Vipera	berus)



• small,	massive	body,	especially	the	pregnant	females	

• size:	asp	viper:	60	–	70	cm,	rarely	up	to	85	cm	(♂	max.	74	cm,	♀	max.	84	cm)	 
adder:	about	50	–	60	cm,	rarely	up	to	80	cm	(♂	max.	58	cm,	♀	max.	65	cm)	

• head	clearly	set	off	from	the	neck	
• snout	clearly	upper	
• vertical	pupil	(like	cats)	
• keeled	dorsal	scales	
• coloration:	extremely	variable	color,	but	mainly	with	some	dark	bands	on	the	back	and	on	the	flancs	
(asp	vipers),	that	could	in	the	Alps	look	like	a	dark	zigzag	on	the	back;	  
adder:	coloration:	variable	color,	but	with	mainly	a	dark	zigzag	on	the	back;		

• frequent	totally	black	individuals	
• viviparous	
• prey:	small	mammals	and	lizards	
• defensive	behavior:	hissing	and	later	bite	(venomous)	
• move	relatively	slowly,	but	quite	shy	
• can	be	locally	at	high	density

�79

Asp	viper	and	adder	-	characteristics
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Asp	viper	and	adder	-	Swiss	distributions

median	adder:	about	1750	m	asl	

median	asp	viper:	about	1000	m	asl
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asp	viper	  
(Vipera	aspis)
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adder:	female	 adder:	male



Asp viper (Vipera aspis)
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Asp viper (Vipera aspis)  
or adder (Vipera berus)



adder (Vipera berus)



indigenous	venomous	snakes	do	not	attack	human!!  
>	frequent	misinterpretation	of	the	movement	of	the	snakes.
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Behaviour





indigenous	venomous	snakes	do	not	attack	human!!	
>	frequent	misinterpretation	of	the	movement	of	the	snakes.	
Escape	reaction	of	the	snakes	are	almost	always	induced	by	visual	
observation,	not	really	by	terrestrial	vibration!	

>	hitting	the	ground	is	not	really	efficient!	
snakes	bites	only	when	they	feel	in	danger,	so	most	bites	are	human-
induced!	

>	large	individual	difference	regarding	the	"aggressiveness"	of	the	snakes	
snakes	love	disorder!	It	provides	lots	of	hiding	places.	

>no	hiding	places	=	no	snake	
do	not	walk	barefoot	in	places	where	venomous	snakes	occur!	

if	necessary,	just	contact	the	local	representative	of	the	karch:	  
 
www.karch.ch	
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Behaviour

http://www.karch.ch








• 2	venomous	species	/	9	species	
• about	20-40	cases	every	year	
• last	dead	case:	1960’	

• what	to	do	if	bitten?	
• stay	calm…	
• avoid	movement	with	the	bitten	arm	or	leg,	in	order	to	avoid	spreading	the	toxins	in	the	
whole	body.		

• bring	the	bitten	person	to	the	nearest	doctor;	 
he/she	must	avoid	any	effort	

• 50%	of	bites	are	without	wenom	
• serum	injection:	must	be	conducted	in	specific	cases,	  
only	by	medical	doctor!
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Venom





Il fait le mariole avec une vipère et 
termine à l’hosto 
Un élève a été hospitalisé pendant une semaine après avoir joué avec un serpent 
venimeux. 
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European	pond	turtle	(Emys	orbicularis)



• no	confusion	with	other	endemic	species;	but	frequently	
confused	with	introduced	American	aquatic	turtles	

• braun	to	black	shell,	sometimes	with	yellow	points	or	lines.	
Head,		neck	and	legs:	black	with	yellow	points	(no	large	marking	
or	bands)	

• small	and	slender,	up	to	20	cm	as	total	length	
• live	in	the	water	most	of	the	time;	hibernation,	mating,	feeding,	
etc…	all	in	water	

• 	just	go	out	for	laying	the	eggs;	can	go	up	to	1km	away	from	
aquatic	habitats	

• really	shy	species	
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European	pond	turtle	-	characteristics
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altitudinal	range:	below	500	m	asl

European	pond	turtle	-	Swiss	distribution
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Reptiles	-	high	requirements	on	their	habitats

feeding

basking

oviposition sites

mating places

winter refuge 

shelter
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Thermoregulation

Conservation of indigenous vertebrates (2007) 2

The importance of temperature in reptilian life

Relative performance of the

Viperine Snake in relation to 

body temperature.

Development rate of an Australian

lizard (Bassiana duperreyi) in 

relation to nest-site temperature.

Developmental arrest at �16.5°C

Egg mortality at �40°C

Hailey & Davies 1988, J Zool

Georges et al 2005, Physiol Biochem Zool

Conservation of indigenous vertebrates (2007) 3

Thermoregulation

Metabolic Heat
Production (MH)

Conduction (Cd)

Evaporation or
Condensation (EC)

Convection (Cv)

Solar Radiation (SR)

Infrared Radiation
(IR)

Heat energy gained = SR + MH r IR r Cv r EC r Cd



thermoregulation:	 
impact	on	the	reptile	
activities
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Thermoregulation

Hailey	A,	Davies	PMC	(1988)	Acbvity	and	thermoregulabon	of	the	snake	Natrix	maura.	2.	A	synopbc	model	of	thermal	biolgy	and	the	physiological	ecology	
of	performance.	Journal	of	Zoology,	214:325-342



thermoregulation:	impact	of	
the	reptile	coloration
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Thermoregulation

Muri	D,	Schuerch	J,	Trim	N,	Golay	J,	Baillifard	A,	El	Taher	A,	Dubey	S	(2015)	Thermoregulabon	and	microhabitat	choice	in	the	polymorphic	asp	viper	(Vipera	
aspis).	Journal	of	Thermal	Biology,	53:107-112
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Figure 1 Average internal temperature for melanistic and 
blotched gravid females measured during 2014. Dark gray bar 
represents melanistic vipers while light gray one represents 
blotched vipers. Standard errors have been added on both bars. 
A significant difference in the average internal temperature can 
be observed between melanistic (26.65°C) and blotched 
(24.64°C) vipers.
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Appendices  622 

Appendix 1: Pictures of a melanistic asp viper on the top and a blotched one on the bottom. 623 

Both individuals were photographed in the studied area.  624 

 625 

 626 
 627 
 628 
 629 
 630 
 631 
 632 
 633 
 634 
 635 
 636 
 637 
 638 
 639 
 640 
 641 
 642 

 643 
 



Thamnophis	sirtalis	
• large	communal	
overwintering	dens	
(Manitoba)	

• males	mating	with	
females	

• "she-males"	attract	males	
to	increase	their	own	
temperature
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Thermoregulation

Shine	R,	O’Connor	D,	Mason	RT	(2011)	Female	mimicry	in	garter	snakes:	Behavioural	tacbcs	of	'she-males'	and	the	males	that	court.	Canadian	Journal	of	
Zoology	78:1391-1396
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Mating

adder	(Vipera	berus)



�108

Mating

Wall	lizard	(Podarcis	muralis)



Oviparous	
lay	eggs	
no	or	limited	parental	care	

Ovoviviparous	
keep	eggs	inside	

Viviparous	
keep	eggs	inside	
exchanges	between	mother	and	juveniles
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Reproduction



Limits	of	oviparity
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Reproduction	-	oviparous/viviparous
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Figure 1. Diel variation in temperatures on a fine warm
day (15 January 2001) at 1660 m asl (middle slopes of
Mount Ginini) in the Brindabella Range. The graph shows
output from miniature data-loggers that were (a) attached
to the dorsal surface of a gravid female of a viviparous
lizard species (Eulamprus heatwolei) in an outdoor arena,
and thus free to thermoregulate (‘lizard’); (b) glued to the
upper surface of a grey concrete paver (‘ground surface’);
(c) placed under the paver, where eggs would typically be
laid (‘nest’); or (d) buried 30 cm deep under the paver
(‘underground’).
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lizards from three sites but only one lizard from the
bottom of Mount Ginini. We obtained either three or
four data-sets for all environmental variables at all
locations except for 30 cm underground on the middle
slope of Ginini (one data-set only). Nonetheless, vari-
ation among replicates within locations and sites was
small (see below), so these losses will have little effect
on overall patterns.

POTENTIAL NEST-SITES

Thermal profiles showed considerable diel variation.
Soil temperatures on the ground surface reached
>45∞C during the day and fell below 15 ∞C at night
(Fig. 1). Deep-soil temperatures showed the least fluc-
tuation, and ‘nest’ temperatures (i.e. those under pav-
ers) were intermediate in this respect. Because
heating rates were slow, temperatures under pavers
did not peak until late afternoon (Fig. 1). At every
elevation, deep-soil probes recorded lower mean
temperatures, lower maximum temperatures, higher
minimum temperatures, and less thermal variation
than did probes in more exposed situations (Fig. 2;
Kruskal–Wallis tests show P < 0.05 for every such
test). Temperatures under pavers (potential ‘nest’
sites) were intermediate between deep-soil probes and
exposed data-loggers in all of these respects (Fig. 2).

The effects of elevation were weaker than these
location-within-elevation effects. Mean temperatures

decreased at higher elevations (for deep-soil tempera-
tures, F3,7 = 4.91, P < 0.04; for ‘nest’, F3,11 = 22.04,
P < 0.0001; for exposed, F3,12 = 12.33, P < 0.001). Stan-
dard deviation in temperature was not affected by ele-
vation (all P > 0.34), nor was maximum temperature
(all P > 0.05). Minimum temperatures were much
lower at higher elevations for deep-soil probes
(F3,7 = 8.79, P < 0.01) but this effect was weaker for
‘nest’ temperatures (F3,11 = 3.46, P = 0.055) and not
evident for exposed (soil-surface) temperatures (Fig. 2;
F3,12 = 0.80, P = 0.52). To summarize, mean and mini-
mum environmental temperatures were generally
lower at higher elevations, whereas maximum tem-
peratures were unaffected (Fig. 2).

Data on potential nest-sites (i.e. combining readings
from all data-loggers, including ground surface as well
as under pavers and well-buried) revealed strong asso-
ciations between mean, minimum and maximum tem-
peratures. At each elevation, potential nest-sites with
higher mean temperatures also had higher maxima
(Picadilly, N = 11, r = 0.91, P < 0.001; Ginini bottom,
N = 10, r = 0.95, P < 0.001; Ginini middle, N = 9,
r = 0.97, P < 0.001; Ginini top, N = 12, r = 0.99,
P < 0.0001). These relationships between mean and
maximum temperatures differed among elevations,
with a given mean value corresponding to a higher
maximum value at higher elevations than at lower
elevations (ANCOVA slopes F3,34 = 0.35, P = 0.79; inter-
cepts F3,37 = 20.78, P < 0.0001).

The opposite pattern was evident for the relation-
ship between mean and minimum temperatures
within each elevation. Potential nest-sites with higher
mean temperatures had lower not higher minima (Pic-
adilly, N = 11, r = 0.88, P < 0.001; Ginini bottom,
N = 10, r = 0.83, P < 0.004; Ginini middle, N = 9,
r = 0.77, P < 0.02; Ginini top, N = 12, r = 0.93,
P < 0.0001; comparing these relationships among ele-
vations, ANCOVA slopes F3,34 = 1.54, P = 0.22; inter-
cepts F3,37 = 10.45, P < 0.0001). This counter-intuitive
result reflects differences among sites in exposure:
well-insulated sites (such as those 30 cm under-
ground) had high minima and low maxima, whereas
more exposed sites (such as those on the ground sur-
face) had low minima and high maxima. The negative
correlations between mean and minimum tempera-
tures indicate that average values were determined
primarily by maxima rather than minima, in turn due
to the much greater range of maximum than mini-
mum temperatures within each site (typically about
fourfold greater, with ranges of 40 vs. 10∞C).

This analysis shows that minimum soil tempera-
tures decline with increasing elevation (Fig. 2), and
that potential nest-sites within any given elevation
display only a modest range of variation in minimum
temperatures. In contrast, variation in factors such as
cover-item thickness and the degree of exposure to
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tively; one-factor ANOVA on ln-transformed data to
remove variance heterogeneity, F2,167 = 0.99, P = 0.38).
However, mean maxima were higher at the higher-
elevation sites (32.2, 34.5, 37.2∞C; F2,167 = 8.39,
P < 0.0003), and mean minima were lower (13.1, 12.1,
10.3∞C; F2,167 = 22.49, P < 0.0001). That is, nests at the
highest elevation (Mount Ginini) exhibited similar
mean temperatures to lower-elevation nests, despite
significantly lower night-time minima, by achieving
higher daytime maximum temperatures.

Closer inspection reveals complex relationships
between mean, minimum and maximum tempera-
tures. As was the case for potential nest-sites (see
above), a higher mean temperature was associated
with a higher maximum temperature (Fig. 3; 1050 m,
N = 75 nests, r = 0.71, P < 0.0001; 1240 m, N = 82
nests, r = 0.82, P < 0.0001; 1615 m, N = 13 nests,
r = 0.58, P < 0.04), and the relationship between mean
and maximum temperatures differed among eleva-
tions. ANCOVA with elevation as the factor, mean nest
temperature as the covariate and maximum tempera-
ture as the dependent variable, confirmed that max-
ima were higher, relative to mean temperature, for
nests at higher rather than lower elevations (Fig. 3;

slopes F2,164 = 0.35, P = 0.70; intercepts F2,166 = 9.57,
P < 0.0001; posthoc tests have all P < 0.05). However,
the relationship between mean nest temperature and
minimum nest temperature was much weaker
(1050 m, N = 75 nests, r = 0.11, P = 0.34; 1240 m,
N = 82 nests, r = 0.13, P = 0.24; 1615 m, N = 13 nests,
r = 0.29, P = 0.33). As for the potential nest-sites, this
result reflected the relative constancy of minimum
temperatures across nests within each elevation. Min-
imum temperatures for nests were about 3∞C cooler at
the highest than the lowest elevation site (see above),
so that in order for nests to exhibit approximately
equal mean temperatures over this elevational range
(as they did: see above), maximum nest temperatures
averaged about 4 or 5∞C higher at the highest eleva-
tion than at the lowest one (Fig. 3).

Analysis of data (elevations combined) from natural
nests for which we recorded hatching success showed
that a higher proportion of eggs hatched successfully
from nests with higher mean incubation temperatures
(N = 73 nests, r = 0.30, P < 0.015). The four coolest
nests (<18∞C) did not produce any viable hatchlings,
with the proportion of successful eggs increasing at
higher mean temperatures (50% for 18∞C, 66% for
19∞C, 72% for 20∞C, 81% for 21∞C). Hatching success
was low for the hottest nests, however (31% from four
nests with a maximum temperature of >40∞C, vs. 80%
from 25 nests with maxima 35–40∞C).

DISCUSSION

Our study provides the first quantitative information
on thermal regimes available above and below the
upper elevational threshold for oviparous reproduc-
tion in reptiles. Thermal regimes did indeed shift with
elevation in ways that would affect the viability of
embryos laid in a nest (as also shown experimentally,
by the lower viability of eggs translocated to sites
higher on Mount Ginini: Shine, 2002a). However, the
nature of these thermal shifts was more complex than
we expected. Most published discussions on the
restriction of oviparous reptiles to warmer climates
have simply taken as self-evident the fact that poten-
tial nest-sites at high elevations are too cool to permit
embryonic development through to hatching (e.g.
Tinkle & Gibbons, 1977; Shine, 1985). Our data chal-
lenge this assumption, and suggest instead that the
relationship between mean, minimum and maximum
temperatures plays a crucial role in limiting oviparous
reproduction to low-elevation nests. Thus, the adap-
tive significance of viviparity lies not in a simple
increase in mean incubation temperatures for the
embryos, but in the (mobile) female’s ability to break
the mathematical link between mean and maximum
temperatures that applies to any fixed point (such as a
nest). This link between mean and maximum is espe-

Figure 3. The relationship between mean temperature
and maximum temperature for natural nests in the Brind-
abella Range (numbers show elevations in m asl). The hor-
izontal line at a maximum temperature of 40∞C represents
the critical thermal maximum (CTmax), the level likely to
be lethal to eggs. The vertical line at 16.5∞C (‘developmen-
tal zero’) shows the minimum temperature below which
embryogenesis ceases in this species. Thus, development
can occur successfully only in the thermal region to the
lower right of this Figure, bounded by these two lines (see
text for further explanation). The graph shows data for
natural nests (separately for three sites, at 1050, 1240 and
1615 m) monitored over a seven-year period. Higher mean
values were associated with higher maximum values, and
the relationship between mean and maximum nest temper-
atures varied with elevation (see text).
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Lourdais	et	al	(2004):	impact	of	°C	

•June	=	number	of	ventral	scales	

•July	=	duration	of	gestation	
•August	=	%	stilborn
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Lourdais	O,	Shine	R,	Bonnet	X,	Guillon	M,	Naulleau	G	(2004)	Climate	affects	embryonic	development	in	a	viviparous	snake,	Vipera	aspis.	
Oikos,	104,	551-560.

ANOVA using female identity as a random factor and
year as a fixed factors). The two sexes did not differ
significantly in snout-vent length (F(1, 134)!/2.47, p!/

0.11, same design as above, but adding offspring sex as
fixed factor). An offspring’s SVL was significantly
correlated with its number of ventral scales but explained
very little of the variance in scale counts (r!/0.19; r2!/

0.04, n!/ 681, F(1, 681)!/26.58; pB/0.0001). No
significant relationship was found between thermal
conditions and offspring SVL (Table 4).

Late embryonic death

In a previous analysis of reproductive output in this
population (Lourdais et al. 2002a), we were not able to
detect any significant relationship between mean tem-
perature during the total gestation period (mid-June
through August) and the production of inviable off-
spring (undeveloped ova, dead embryos plus stillborn
offspring). Here, we focus on the production of stillborn
offspring.

Stillborn offspring were produced in significant num-
bers (n!/78) during the study, with the proportion of
females that produced dead offspring fluctuating sig-
nificantly among years (x2!/17.56; df!/8; p!/0.024).
Stillborn offspring were fully developed in appearance,

indicating that death occurred at late embryonic stages.
They were significantly shorter (ANOVA, F(1, 832)!/

20.34, pB/0.00001) and lighter (ANOVA, F(1, 836)!/

21.04, pB/0.00001) than healthy neonates, suggesting
that mortality was not a result of short-term mainte-
nance of their mothers under laboratory conditions.
Stillborn and healthy neonates did not differ in mass
relative to SVL (ANOVA on residual scores, F(1, 831)!/

0.41, pB/0.52). Mortality was not sex-biased (x2!/0.24,
df!/1, p!/0.62, pooling the nine years of the study), nor
did sex ratios of stillborn offspring vary significantly
among years (x2!/10.27, df!/8, p!/0.24).
Based on these results, we looked for a possible

influence of mean temperature during the latter part of
gestation (July and August) on the probability of
producing stillborn offspring. Excluding females produ-
cing undeveloped ova, we detected a significant negative
influence of mean August temperature on the probability
of observing late embryonic death (Logistic regression,
x2!/8.18, n!/113, p!/0.0042). We also detected a
significant negative relationship between mean August
temperatures and the proportion of stillborn offspring
(r!/0.33, r2!/0.11, n!/113, F(1, 111)!/13.37, pB/

0.0004). The same analysis using mean July or mean
June daily temperatures yielded non-significant results.

Discussion

Our relatively long-term field study demonstrates that
natural climatic conditions influence important aspects
of embryogenesis in the aspic viper. Although gravid
vipers show distinctive thermoregulatory behaviors that
result in relatively high, stable body temperatures
throughout pregnancy (Saint Girons 1952, Naulleau
1979, Bonnet and Naulleau 1996, Ladyman et al.
2003), they are unable to completely buffer their devel-
oping embryos from year-to-year thermal variations in
this relatively northern, cool-climate area. This result
runs counter to the primary emphasis of published
studies on thermoregulation by gravid reptiles, which
have stressed the thermoregulatory precision of such
animals (Shine 1983, Charland and Gregory 1990,
Schwarzkopf and Shine 1991, Peterson et al. 1993).
Clearly, this stenothermy is relative: even if gravid

Table 3. Influences of climatic conditions during gestation
(mean daily maxima calculated for each month), offspring sex
(Sex), and maternal identity (Identity) on the number of ventral
scales in neonatal aspic vipers.

Effect df MS F p-value

June Fixed 1 426.76 17.91 0.00001
July Fixed 1 54.17 2.36 0.127
August Fixed 1 14.43 0.60 0.44
Sex Fixed 1 172.70 16.50 0.00001
Identity random 116 24.5 3.40 0.00001
Error 560

Fig. 3. Relationship between mean June ambient thermal
maxima and mean number of ventral scales in neonatal vipers
over the course of the study.

Table 4. Influences of climatic conditions during gestation
(mean daily maxima calculated for each month) and maternal
identity (Identity) on the snout-vent length of neonatal aspic
vipers.

Effect df MS F p-value

June Fixed 1 5.31 1.03 0.31
July Fixed 1 4.88 0.96 0.32
August Fixed 1 4.93 0.04 0.82
Identity random 135 0.59 8.59 0.00001
Error 675
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For the present study, we can examine this result more
closely in terms of the three phases of gestation defined
above. We used stepwise multiple regression analysis for
this purpose, and restricted the analysis to the 80
females that produced only viable offspring (i.e. no
stillborns). Only mean daily temperatures during July
(mid-gestation) were retained in the model (Table 2),
accounting for 51.4% of the variance in overall gestation
length.

Offspring phenotype

Scalation
First, we detected a strong influence of maternal identity
on the number of ventral scales in newborn vipers
(ANOVA, F(101, 527)!/4.13, p!/0.00001). This influ-
ence was partially attributable to significant heritability
of ventral scalation, as we detected a significant relation-
ship between maternal and neonatal number of ventral

scales (r2!/0.11; F(1, 629)!/80.81, pB/0.0001 treating
each offspring as an individual point and r2!/0.22, F(1,
114)!/34.64, pB/0.0001 when considering mean number
of ventral scales per litter). The two sexes differed in
mean numbers of ventral scales, with neonatal females
having more scales than their brothers (149.19/0.17, n!/

329 vs 148.09/0.17, n!/352, F(1, 563)!/11.37, pB/

0.0007, mixed model ANOVA using female identity as
random factor and offspring sex as a fixed factor).
Interestingly, we detected significant year to year varia-
tion in the number of ventral scales in neonatal snakes
(ANOVA, F(7, 673)!/12.400, p!/0.00001, Fig. 2). This
effect holds true even after accounting for maternal
influence and offspring sex (F(7, 114)!/3.08, p!/0.0004,
mixed model ANOVA using female identity as a random
factor, offspring sex and year as a fixed factors). Such
annual variations appear to be linked to the climatic
fluctuations described above. For example, mean ther-
mal maxima during gestation significantly affected the
number of ventral scales in neonates (F(1, 114)!/6.94,
p!/0.008, mixed model ANCOVA using female identity
as random factor, offspring sex as a fixed factor and
mean gestation thermal maxima as a fixed covariate).
Because organizational effects of temperature are likely
to occur early in embryogenesis, we re-conducted the
analysis by considering each of the three components of
the gestation period independently. Only mean daily
temperature maxima during the first period (i.e. the
three weeks following ovulation) led to significant results
(Table 3, Fig. 3). This influence is reflected in a
significant relationship between mean thermal maxima
in June and the mean number of ventral scales in
neonatal vipers (r2!/0.49; F(1,6)!/7.75 pB/0.03).

Snout-vent length
In contrast with offspring scalation, no significant year
to year variation in offspring snout-vent length was
detected (F(8, 134)!/0.51, p!/0.84, mixed model

Fig. 1. Annual variation in thermal conditions at our study site
in western France during the three months of gestation for aspic
vipers (Vipera aspis ). For simplicity, years were classified
depending upon the thermal pattern observed. (Jun!/June;
Jul!/July; Aug!/August)
Pattern 1 (parabolic): 1992 (open triangles down), 1994 (open
circles), 1996 (open squares), 1999 (open diamonds).
Pattern 2 (sigmoid): 1995 (open triangles up), 1997 (open
triangles down).
Pattern 3 (exponential): 1993 (open squares), 1998 (open
hexagons), 2000 (open circles).

Table 2. Influence of mean temperatures during the three
months of pregnancy on the duration of gestation in female
aspic vipers.

Multiple Regression r!/0.71; r2!/0.51; n!/80;
F(3, 76)!/26.86; pB/0.0001

Beta Partial
correlation

p-value

June 0.23 0.18 0.11
July "/0.77 0.62 B/0.0001
August "/0.09 0.09 0.44 Fig. 2. Annual variation in number of ventral scales in neonatal
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Asculapian	snake	(Hierophis	viridiflavus)



All	Swiss	snakes	and	lizards:	predators	
Lizards:	arthropods	
Slow	worm:	molluscs	and	eathworms	
snakes:	vertebrates	

•Natrix	maura,	N.	tessellata:	manly	fish	(60-100%)	

•Natrix	natrix,	N.	helvetica:	mainly	amphibians	(83-98%)	

•Coronella	austriaca:	mainly	reptiles	(70-98%)	

•Zamenis	longissimus:	also	birds	(good	climber)	

•Herophis	viridiflavus:	reptiles	and	mammals	

•Vipers:	mainly	lizard	when	youngs,	mainly	mammals	when	adults	

Emys	orbicularis:	omnivorous
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Grass	snake	(Natrix	helveGca)
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Couleuvre	vipérineViperine	snake	(Natrix	maura)
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Vipère aspicasp	viper	(Vipera	aspis)
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Vipère aspicasp	viper	(Vipera	aspis)
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Vipère aspicasp	viper	(Vipera	aspis)
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Vipère aspicasp	viper	(Vipera	aspis)
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Feeding	behaviour

smooth	snake	(Coronella	austriaca)

slow	worm	(Anguis	fragilis)
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smooth	snake	(Coronella	austriaca)sand	lizard	(Lacerta	agilis)
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Feeding	behaviour

wall	lizard	(Podarcis	muralis)
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Vipère	aspic
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Naulleau	G	(1983)	Acbon	de	la	température	sur	la	digesbon	chez	cinq	espèce	de	Vipères	européennes	du	genre	Vipera.	Bullebn	de	la	Société	
Zoologique	de	France,	108,	47-66.
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Figure 1 Allometry of field metabolic rate in terrestrial vertebrates. (Solid lines) least-squares
linear regression lines for birds, mammals, and reptiles (see Equations 1, 17, and 32 in Table 2);
(dashed or dotted lines) 95% confidence intervals of the prediction for each line.

daily food requirements may be estimated as their FMR, in kJ/day, divided by
16.0 kJ/g of DM, the gross energy content of mixed sugars. Energy digestibility
studies done on a variety of wild vertebrates suggest the following conversion
factors: mammalian insectivores, 18.7 kJ/g of DM, and bird and reptile insecti-
vores, 18.0 kJ/g of DM (lower than mammals due to greater energy loss in uric
acid); fish-eating mammals, 18.7 kJ/g of DM, and fish-eating birds, 16.2 kJ/g of
DM; mammalian carnivores, 16.8 kJ/g of DM; mammalian frugivores, 6.6 kJ/g
of DM; mammalian granivores, 16.9 kJ/g of DM; herbivores, 10.0 kJ/g of DM
for monogastric digesters and 11.5 kJ/g of DM for ruminants and other fer-
mentative digesters; and an estimated intermediate value of 14 kJ/g of DM
for omnivores (100, 102, 110). Daily feeding rates necessary to maintain en-
ergy balance, in grams of DM consumed per day, may be estimated easily by

Nagy	KA,	Girard	IA,	Brown	TK	(1999)	Energebcs	of	free-ranging	mammals,	repbles,	and	birds.	Annu.	Rev.	Nutr.,	19:247-277
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NOS OISEAUX 60 : 3-24 – 2013

Jeune Circaète Circaetus gallicus avalant une Vipère aspic Vipera aspis femelle. Haut-Valais, 12 août 2012.
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Faisant suite à des observations de plus en plus régulières du Circaète, 
en Suisse et en Valais en particulier, un couple s’est reproduit pour la 
première fois, dans le Haut-Valais. Un suivi réalisé grâce à un affût photo-
graphique 1, au cours de la deuxième partie de l’élevage du jeune au nid, 
a permis de préciser le régime alimentaire de ce couple, en l’absence des 
proies ordinairement prisées par l’espèce.

PREMIÈRE NIDIFICATION DU CIRCAÈTE JEAN-LE-BLANC 
CIRCAETUS GALLICUS EN SUISSE

OBSERVATIONS SUR LA BIOLOGIE DE REPRODUCTION, 
EN PARTICULIER LE RÉGIME ALIMENTAIRE

LIONEL MAUMARY, HUBERT DUPERREX, JACQUES CLOUTIER & LAURENT VALLOTTON

1 Ndlr – Une fois n’est pas coutume, nous publions plusieurs photographies au nid, d’une espèce rare de surcroît, 
en couverture et dans cet article. Nous y consentons car elles apportent un éclairage intéressant sur l’écologie 
d’un couple de Circaètes nichant en marge de son aire de reproduction habituelle. Les précautions prises par les 
observateurs sont conformes au code de conduite que nous recommandons (cf. Nos Oiseaux 46 (1999) : 209-210 
et www.ornitho.ch) et à la prudence avisée dont devrait faire preuve tout ornithologue-photographe choisissant 
d’approcher son sujet. A l’heure où vous lirez ces lignes, ce couple de Circaètes s’apprêtera peut-être à retrouver 
son site de nidification valaisan. Pour permettre à ces oiseaux pionniers de mener à bien de futures nichées, à 
l’écart de toute émulation que pourraient susciter ces images exclusives, nous en appelons à la responsabilité de 
tous ceux que cette nouvelle pourrait attirer sur les lieux : la nidification d’un rapace sensible aux dérangements – 
comme l’est le Circaète – peut aisément s’observer à grande distance, grâce à la qualité des instruments optiques 
dont nous disposons. (beP)

Circaète	Jean-le-Blanc
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•main	activity	period:	March-April	(May)	-	September-October	
• reproductive	cycles:	

- oviparous	lizards:	1-2	clutch(es)	/	year	
- oviparous	snake:		1	clutch/year	
- viviparous	lizards	:	1	clutch/year	(probably	biannual	for	the	Slow	
worm)		

- viviparous	snakes:	biannual	or	triannual	(or	more)	
•mating:	spring,	some	species	also	in	autumn	
• gestation	time	(viviparous	species):	3-4	months		
• eggs	incubation:	1-2	month(s)	
• shedding:	2-3	/	year	for	adults,	a	bit	more	for	young.
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reduced population densities and with no subsequent
sign of recovery to pre-crash levels.

The observed population declines were not uniform
across the sexes (table 2) such that, with the exception
of Z. longissimus (Zl1), there was a significant difference
(Student’s t ¼ 2.64, d.f. ¼ 12, p ¼ 0.022) between the
mean decline of females (mean ¼ 81.2%, s.d. ¼ 8.071,
n ¼ 10, range: 69.5–96.0%) and males (mean ¼
63.8%, s.d. ¼ 19.22, n ¼ 10, range: 25.2–89.2%).
However, although there was no significant difference
(t ¼ 21.45, d.f. ¼ 3, p ¼ 0.243) between the
magnitude of the decline of females from Europe
(mean ¼ 78.9%, s.d. ¼ 7.39, n ¼ 7) and Nigeria
(mean ¼ 86.7%, s.d. ¼ 8.03, n ¼ 3) there was one
(t ¼ 22.43, d.f. ¼ 7, p ¼ 0.045) between that of
males from Europe (mean ¼ 57.2%, s.d. ¼ 18.80,

n ¼ 7) and Nigeria (mean ¼ 79.2%, s.d. ¼ 9.71, n ¼
3). The sex ratio within the stable populations did
not change over time.

4. DISCUSSION
The snake population declines shown by these data,
though alarming, remain observational as we have no
firm evidence to suggest possible causes. Two-thirds
of the monitored populations collapsed, and none
have shown any sign of recovery over nearly a decade
since the crash. Unfortunately, there is no reason to
expect a reversal of this trend in the future. Interest-
ingly, six of the eight declining species are
characterized by having small home ranges, sedentary
habits and ambush foraging strategies while, with the

Table 1. Site locations, study duration and responsible authors for each species. Ca, Coronella austriaca; Nn, Natrix natrix;
Va, Vipera aspis; Hv, Hierophis viridiflavus; Zl, Zamenis longissimus; Vu, Vipera ursinii; Bg, Bitis gabonica; Bn, Bitis nasicornis;
Pr, Python regius; Dj, Dendroaspis jamesoni; Ns, Notechis scutatus.

species country site status latitude longitude duration researcher

Ca UK protected 508440 N 28080 W 1997–2009 CJR
Nn1 UK protected 508440 N 28080 W 1997–2009 CJR
Va1 France unprotected 478040 N 28000 W 1993–2008 GN/XB
Hv1 France unprotected 468070 N 08250 W 1995–2009 XB/JMB
Zl1 France unprotected 468070 N 08250 W 1994–2009 XB/JMB
Hv2 France protected 468070 N 08250 W 1997–2009 XB/JMB
Zl2 France protected 468070 N 08250 W 1997–2009 XB/JMB
Nn2 France protected 468070 N 08250 W 1995–2009 XB/JMB
Va2 Italy protected 438160 N 118090 E 1989–2008 LML/LR/GA
Va3 Italy protected 438420 N 108300 E 1989–2009 LML/LR/GA
Vu1 Italy protected 428270 N 138420 E 1987–2008 EF/LML/GA
Vu2 Italy protected 428220 N 138430 E 1987–2008 EF/LML/GA
Bg Nigeria protected 48380 N 78550 E 1995–2008 GCA/LML
Bn Nigeria protected 48380 N 78550 E 1995–2008 GCA/LML
Pr Nigeria protected 48380 N 78550 E 1995–2008 GCA/LML
Dj Nigeria protected 48380 N 78550 E 1995–2008 GCA/LML
Ns Australia protected 328070 S 1158390 E 1997–2009 XB/DP
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Figure 1. Annual total number of individuals found for each declining snake species population. Axis 1: filled left-pointed tri-
angles, Va1; filled circles, Va2; filled squares, Va3; filled triangles, Vu1; filled inverted triangles, Vu2; cirlces with crosses, Ca;
filled diamonds, Hv1. Axis 2: open circles, Bg; open squares, Bn; open triangles, Pr; open diamonds, Zl1. Values shown for
Va1 are one-third of true values. See table 1 for key to snake species abbreviations and country of origin.
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Long-term studies have revealed population
declines in fishes, amphibians, reptiles, birds
and mammals. In birds, and particularly amphi-
bians, these declines are a global phenomenon
whose causes are often unclear. Among reptiles,
snakes are top predators and therefore a decline
in their numbers may have serious consequences
for the functioning of many ecosystems. Our
results show that, of 17 snake populations (eight
species) from the UK, France, Italy, Nigeria and
Australia, 11 have declined sharply over the
same relatively short period of time with five
remaining stable and one showing signs of a
marginal increase. Although the causes of these
declines are currently unknown, we suspect that
they are multi-faceted (such as habitat quality
deterioration, prey availability), and with a
common cause, e.g. global climate change, at
their root.

Keywords: snakes; sharp population declines;
carrying capacity; global climate change

1. INTRODUCTION
There is growing evidence from long-term studies of
worldwide declines in vertebrate populations: fishes
(Harshbarger et al. 2000; Light & Marchetti 2007),
amphibians (Wake 1991; Alford et al. 2001), reptiles
(Gibbons et al. 2000; Winne et al. 2007), birds (King
et al. 2008) and mammals (Mcloughlin et al. 2003).
Some of these declines can be directly attributable to
known causes, e.g. pollution (Harshbarger et al.
2000), habitat loss/change (Gibbons et al. 2000;
Feyrer et al. 2007), disease (Pounds et al. 2006;
LaDeau et al. 2007), over-exploitation (Whitehead
et al. 1997) or climate change (Collins & Storfer
2003; Reading 2007), while for others, the causes
remain either unclear (Kiesecker et al. 2001; Collins &
Storfer 2003) or unknown (Gibbons et al. 2000; Winne
et al. 2007). Although there is little evidence that snake
populations are in decline, there are reports for other
reptiles (Gibbons et al. 2000) and there is consensus,

among herpetologists, that snakes may, indeed, be
disappearing worldwide (Mullin & Seigel 2009).
One possible reason for this view is the relative
lack of long-term individual-based studies of snake
populations. Our data represent the first evidence
that some species occurring in the tropics (Nigeria)
have shown similar patterns of decline to others
found in southern (Italy), central (France) and
northern Europe (UK).

2. MATERIAL AND METHODS
We used data from studies of geographically widespread snake popu-
lations covering a broad diversity of snake lineages and
environmental situations to determine changes in status over time
(table 1). Survey methodologies were identical between years at
each study site but not between sites. Coronella austriaca (Ca) and
Natrix natrix (Nn1) were surveyed one day per week for 21 weeks
annually (April–October). Vipera aspis (Va1) was surveyed five days
per week for five months annually. Hierophis viridiflavus (Hv1) and
Zamenis longissimus (Zl1) were sampled using daily collections of
road-kills for five months annually. Hierophis viridiflavus (Hv2),
Z. longissimus (Zl2) and N. natrix (Nn2) were surveyed three days
per week for five months annually. Notechis scutatus (Ns) was sur-
veyed for two weeks each spring. Vipera aspis (Va2,3) was surveyed
one day per week annually (March–November). Vipera ursinii
(Vu1,2) was surveyed one day per week annually (April–October).
Bitis gabonica (Bg), B. nasicornis (Bn), Python regius (Pr) and
Dendroaspis jamesoni (Dj) were all studied in sympatry for two days
per week annually (May–October). Importantly, the methods used
to monitor population trends were consistent through time at each
site. Although we used simple techniques to count snake numbers,
we nevertheless obtained only two distinct clear patterns (see §3),
showing that uncontrolled factors (e.g. catchability, annual climatic
fluctuations) did not obscure the detection of major trends. For all
populations (excluding road-kills), we collected capture–mark–
recapture data, as we intended to produce demographic parameters.
However, since the resulting population estimates correlated with
count data, we opted to use the latter because they were similar to
road-kill counts. Although simple counting underestimates true
population size (X. Bonnet, J. M. Ballouard & G. Naulleau 1993–
2009, unpublished data), it does provide an index of abundance.
We used the simplest methods for consistency among study cases
and sites, and also for conciseness. Each captured individual in
each independent study was given a permanent individual mark,
using either ventral scale clipping or pit-tagging (passive integrated
transponder), and thus the current study did not include pseudo-
replicates (re-sampling the same individuals within a year was thus
avoided). Importantly, several snake populations were monitored in
well-protected areas (e.g. Chizé Natural Reserve, Gran Sasso
National Park), where habitats were not directly perturbed by
human intervention.

All statistical tests were two-tailed, with alpha set at 5 per cent.
Data normality were tested prior to using parametric tests.

3. RESULTS
Our data revealed an alarming trend. The majority of
snake populations had declined sharply, and synchro-
nously (figure 1), while a few had remained stable
(one species from the UK (Nn1), two from mainland
Europe (Nn2, Zl2), one from Nigeria (Dj ) and one
from Australia (Ns)) and one showed evidence of a
very weak increase (Hv2) (figure 2). All the stable
populations were situated in protected areas while all
the populations occurring in areas subject to increasing
anthropogenic pressures declined (table 1). However,
eight snake populations from protected areas (Ca,
Va2,3, Vu1,2, Bg, Bn, Pr) also exhibited large and sur-
prisingly similar patterns of decline. Most of the
declining populations exhibited a ‘tipping point’
effect (Andersen et al. 2008), with a period of relative
stability, up until about 1998, followed by a steep
decline, over a period of approximately 4 years, and
then a second period of relative stability, but at
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Swiss	Red	List	-	Monney	&	Meyer,	2005

79%		 (CR,	EN,	VU)

19	taxa

CR	 
(3)

European	pond	turtle
Asp	viper	(V.	a.	aspis)
Viperine	snake

EN 
(7)

Adder	(2	gene2c	clades)
Asp	Viper	(V.	a.	francisciredi)
Grass	snake	(N.	natrix)
Dice	snake
Whip	snake
Asculapian	snake

VU 
(5)

Grass	snake	(N.	helveGca)
Smooth	snake
Asp	viper	(V.	a.	atra)
Green	lizard
Sand	lizard

LC  
(4)

Wall	lizard	(2	ssp)
Common	lizard
Slow	worm
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Swiss	Red	Lists	-	comparison

2  > Bilan de la diversité des espèces en Suisse  71 
     

     
 

 

 

Fig. 36 > Proportions d’espèces rares par groupe d’organismes 

Rare = petits effectifs et/ou aire de répartition restreinte et fragmentée (critères D, B2a; voir 
annexe C). Menacé = CR, EN, VU. Seulement groupes d’organismes avec critères UICN, donc 
listes rouges à partir de 2001. Les espèces «rares» représentent 19 % des espèces évaluées 
(1631 espèces sur 8418 évaluées selon critères UICN). Ce taux varie considérablement d’un 
groupe d’organismes à l’autre. Reptiles et amphibiens comptent les plus fortes proportions 
d’espèces à la fois rares et menacées. 
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Cordillot	F,	Klaus	G	(2011)	Espèces	menacées	en	Suisse.	Synthèse	des	listes	rouges,	état	2010.	Office	fédéral	de	l’environnement,	Berne.	Etat	
de	l’environnement	n°	1120:	111	p.



Landscape	changes	
• new	construction,	roads,	etc..	
• agriculture:	intensification	/	extensification	
• growth	of	forests	(lack	of	sun	on	the	ground)	
• lack	of	dynamic	in	the	landscape	(rivers,	avalanches,	…)	

direct	human	impact	
• direct	destruction	
• predators	(cat)	
• competitor	(introduced	species)
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Threats	-	habitat	destruction
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Threats	-	agricultural	intensification

Gadmental	1960		Gadmental	2000		
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Threats	-	forest	growth

Gadmental	1910	Gadmental	2003	
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Threats	-	lack	of	dynamics
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Threats	-	direct	destruction

Number	of	adders		killed	and	paid	at	the	municipality	of	Les	Ponts	(NE)	between	1906	et	1928	
(N=530)	following	Ischer	(1930)

number of killed adders

Ischer	A	(1930)	La	Vipère	péliade	des	Ponts	de	Martel.	Le	Rameau	de	Sapin	du	club	jurassien,	1:2-5.
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Threats	-	introduced	species
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The impact of free-ranging domestic cats
on wildlife of the United States
Scott R. Loss1, Tom Will2 & Peter P. Marra1

Anthropogenic threats, such as collisions with man-made structures, vehicles, poisoning and

predation by domestic pets, combine to kill billions of wildlife annually. Free-ranging domestic

cats have been introduced globally and have contributed to multiple wildlife extinctions on

islands. The magnitude of mortality they cause in mainland areas remains speculative, with

large-scale estimates based on non-systematic analyses and little consideration of scientific

data. Here we conduct a systematic review and quantitatively estimate mortality caused by

cats in the United States. We estimate that free-ranging domestic cats kill 1.4–3.7 billion birds

and 6.9–20.7 billion mammals annually. Un-owned cats, as opposed to owned pets, cause the

majority of this mortality. Our findings suggest that free-ranging cats cause substantially

greater wildlife mortality than previously thought and are likely the single greatest source of

anthropogenic mortality for US birds and mammals. Scientifically sound conservation and

policy intervention is needed to reduce this impact.
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and will allow increased comparability of mortality sources23.
Nonetheless, no estimates of any other anthropogenic mortality
source approach the value we calculated for cat predation, and
our estimate is the first for cats to be based on rigorous data-
driven methods. Notably, we excluded high local predation rates
and used assumptions that led to minimum predation rate
estimates for un-owned cats; therefore, actual numbers of birds
killed may be even greater than our estimates.

Free-roaming cats in the United States may also have a
substantial impact on reptiles and amphibians. However, US
studies of cat predation on these taxa are scarce. To generate a
first approximation of US predation rates on reptiles and
amphibians, we used the same model of cat predation along
with estimates of cat predation rates on these taxa from studies in
Europe, Australia and New Zealand. We estimate that between

258 and 822 million reptiles (median¼ 478 million) and between
95 and 299 million amphibians (median¼ 173 million) could be
killed by cats in the contiguous United States each year. Reptile
and amphibian populations, and, therefore, cat predation rates,
may differ between the regions where we gathered predation data
for these taxa and the United States. Furthermore, reptiles and
amphibians are unavailable as prey during winter across much of
the United States. Additional research is needed to clarify impacts
of cats on US herpetofauna, especially given numerous anthro-
pogenic stressors that threaten their populations (for example,
climate change, habitat loss and infectious diseases) and
documented extinctions of reptiles and amphibians due to cat
predation in other regions4,24.

The exceptionally high estimate of mammal mortality from cat
predation is supported by individual US studies that illustrate
high annual predation rates by individual un-owned cats in excess
of 200 mammals per year6,25–28 and the consistent finding that
cats preferentially depredate mammals over other taxa
(Supplementary Table S1). Even with a lower yearly predation
rate of 100 mammals per cat, annual mortality would range from
3–8 billion mammals just for un-owned cats, based on a
population estimate of between 30 and 80 million un-owned
cats. This estimated level of mortality could exceed any other
direct source of anthropogenic mortality for small mammals;
however, we are unaware of studies that have systematically
quantified direct anthropogenic mortality of small terrestrial
mammals across large scales.

Native species make up the majority of the birds preyed upon
by cats. On average, only 33% of bird prey items identified to
species were non-native species in 10 studies with 438 specimens
of 58 species (Supplementary Table S3). For mammals, patterns
of predation on native and non-native species are less clear and
appear to vary by landscape type. In densely populated urban
areas where native small mammals are less common, non-native
species of rats and mice can make up a substantial component of
mammalian prey29. However, studies of mammals in suburban
and rural areas found that 75–100% of mammalian prey were
native mice, shrews, voles, squirrels and rabbits26,30,31. Further
research of mammals is needed to clarify patterns of predation by
both owned and un-owned cats on native and non-native
mammals, and across different landscape types.

Sensitivity analyses indicate that additional research of
un-owned cats will continue to improve precision of mortality
estimates. Our finding that un-owned cat population size and
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Figure 1 | Estimates of cat predation on US birds and mammals.
(a) Probability distribution of estimated bird mortality caused by all free-
ranging cats in mainland areas of the contiguous United States.
(b) Probability distribution of estimated mammal mortality caused by all
free-ranging cats in mainland areas of the contiguous United States.
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Number of owned pet cats
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Proportion of outdoor pet cats
hunting

Outdoor pet cat predation rate

Detectability correction for pet
cat prey items

Number of un-owned cats

Proportion of un-owned cats
hunting

Un-owned cat predation rate
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Figure 2 | Factors explaining uncertainty in estimates of wildlife mortality from cat predation. Amount of variation in estimates of wildlife mortality in
the contiguous United States contributed by each parameter in the cat predation model (percentages represent adjusted R2 values from multiple regression
models).
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évolution du nombre d'animaux estimés
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habitat	improvement	
• new	habitats	
• forestery	
• improve	connectivity	
• …
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Threats	-	what	to	do	to	improve	it
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Habitat	improvement	-	new	habitats
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Habitat	improvement	-	new	habitats
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Habitat	improvement	-	new	habitats

Viperine	snake	near	Fully	(VS)

16.2.2007



�155

Habitat	improvement	-	new	habitats

1.7.2010

Viperine	snake	near	Fully	(VS)
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Habitat	improvement	-	forestry
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Habitat	improvement	-	connectivity



Species	distribution	
what	is	a	species	/	delimitation	of	genetic	groups	

Invasive	species	
Snake	fungal	disease	(SFD)	
introduced	Whip	snake	populations	
…	

Translocated	individual	in	destroyed	habitats	
…
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Current	research	-	possible	MSc	projects…



Ecology	of	Swiss	reptile	species:	
•Les	amphibiens	et	reptiles	de	Suisse	

https://cscf.abacuscity.ch/fr/chf/A~22ARE05F/1~2~Typ/Amphibiens-Reptiles/Les-amphibiens-et-les-
reptiles-de-Suisse	

•Nos	reptiles	
https://cscf.abacuscity.ch/fr/chf/A~99APU02F/2~20~Typ/Amphibiens-Reptiles/Reptiles/Nos-Reptiles	

•www.karch.ch	
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for	more	information…

https://cscf.abacuscity.ch/fr/chf/A~22ARE05F/1~2~Typ/Amphibiens-Reptiles/Les-amphibiens-et-les-reptiles-de-Suisse
https://cscf.abacuscity.ch/fr/chf/A~22ARE05F/1~2~Typ/Amphibiens-Reptiles/Les-amphibiens-et-les-reptiles-de-Suisse
https://cscf.abacuscity.ch/fr/chf/A~99APU02F/2~20~Typ/Amphibiens-Reptiles/Reptiles/Nos-Reptiles
http://www.karch.ch

