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1.	  Abstract	  
	  
Reptiles	  are	  facing	  difficult	  times.	  Indeed,	  in	  Switzerland	  more	  than	  three	  quarters	  of	  them	  
are	   listed	   on	   the	   Red	   List	   of	   endangered	   species.	   In	   this	   context,	   conservation	   efforts	   are	  
implemented.	  The	  European	  pond	  turtle	  (Emys	  orbicularis,	  Linaeus,	  1758)	  is	  an	  emblematic	  
endangered	  reptile	  of	  Switzerland.	  The	  European	  pond	  turtle	  has	  a	  wide	  distribution	  area,	  
but	   is	   currently	   restricted	   in	   Switzerland	   to	   small	   populations	   in	   Geneva	   and	   Ticino.	   The	  
European	  pond	  turtle	  lives	  in	  high-‐quality	  temperate	  aquatic	  habitats,	  rich	  in	  vegetation	  such	  
as	  ponds,	  marshlands.	  Consumed	  in	   large	  quantities	  during	  the	  past	  centuries,	  populations	  
of	  European	  pond	   turtle	  had	  decreased	   in	  many	   regions.	  Moreover,	   the	   loss	  of	   its	  habitat	  
and	  pollution	  had	  lead	  to	  the	  strong	  decline	  of	  the	  populations.	  In	  Switzerland,	  two	  official	  
reintroductions	  were	  made,	  first	  in	  the	  natural	  reserve	  of	  Jussy/Près-‐Bordon	  in	  the	  canton	  of	  
Geneva	  in	  May	  2010	  and	  the	  second	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle	  in	  May	  2013.	  
All	   reintroduced	   individuals	   were	   genetically	   tested	   before	   reintroduction,	   equipped	   with	  
transmitters	   and	  monitored	   by	   telemetry	   in	   order	   to	   determine	   success	   of	   reintroduction	  
and	  behavior	  after	  reintroduction.	  Individuals	  were	  also	  weighed	  before	  reintroduction	  and	  
recapture	  after	  one	  year,	  in	  order	  to	  determine	  growth	  rate	  of	  each	  individuals.	  	  
I	   intended	   to	   examine	   if	   any	   difference	   in	   habitat	   use	   exist	   between	   reintroduced	  
populations	  in	  the	  cantons	  of	  Geneva	  and	  Neuchâtel	  and	  to	  determine	  if	  body	  temperature	  
are	  identical	  between	  individuals	  from	  four	  different	  sites;	  individuals	  from	  Moulin-‐de-‐Vert,	  
which	  is	  an	  extremely	  favorable	  thermic	  place;	  individuals	  in	  the	  natural	  reserve	  of	  La	  Vieille	  
Thielle,	  which	  is	  assumed	  as	  a	  favorable	  thermic	  place;	  individuals	  from	  Menziken,	  which	  is	  a	  
not	  very	  favorable	  thermic	  site	  and	  finally	  individuals	  from	  Orzens,	  which	  is	  a	  less	  favorable	  
thermic	  site.	  I	  used	  individual	  body	  temperature	  from	  different	  sites	  to	  determine	  whether	  
or	  not	  thermoregulation	  activity	  differed	  between	  individuals	  in	  different	  environments.	  To	  
study	  the	  temperature	  of	  nesting	  site	  located	  in	  different	  sites	  of	  Switzerland,	  iButtons	  were	  
placed	  in	  the	  soil.	  	  
Results	   demonstrated	   that	   released	   in	   the	   natural	   reserve	   of	   Jussy	   had	   a	   behavior	  
significantly	  more	  explorative	  during	  the	  second	  year	  after	  reintroduction	  than	  reintroduced	  
individuals	   in	   La	   Vieille	   Thielle,	   perhaps	   due	   to	   the	   environment	   poor	   in	   vegetation	   or	   in	  
order	  to	  find	  the	  best	  place	  to	  live.	  Growth	  rate	  of	  individuals	  of	  La	  Vieille	  Thielle	  was	  similar	  
from	   individuals	   from	   Jussy/Près-‐Bordon	   and	   significantly	   higher	   than	   individuals	   from	  
Moulin-‐de-‐Vert	   and	   thermoregulation	   was	   found	   to	   be	   significantly	   similar	   in	   the	   four	  
studied	   sites.	   Even	   individuals	   living	   in	   less	   favorable	   environment	   such	   as	   Orzens	   could	  
manage	   to	   reach	   an	   optimal	   body	   temperature	   to	   growth	   normally.	   What	   would	   be	   the	  
limiting	   factor	   for	   future	   reintroduction	   of	   European	   pond	   turtle	   in	   Switzerland	   is	   the	  
temperature	  of	  nesting	  site.	  Temperatures	  of	  nesting	  sites	  were	  only	  optimal	  for	  hatchling	  in	  
the	  canton	  of	  Geneva,	  and	  limit	  in	  the	  natural	  reserve	  of	  Neuchatel	  and	  not	  possible	  in	  other	  
studied	  sites.	  The	  limited	  amount	  heat	  accumulated	  in	  the	  nests	  could	  be	  due	  to	  too	  heavily	  
developed	   vegetation	   on	   the	   mound.	   Results	   demonstrated	   the	   importance	   for	   the	  
maintenance	  of	  nesting.	  
	  
	  
	  
	  
Keywords:	   European	   pond	   turtles,	   body	   temperature,	   thermoregulation,	   growth,	   nesting	  
sites	  
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2.	  Introduction	  

2.1 	  Reintroduction	  
	  
The	   human	   world’s	   population	   has	   almost	   doubled	   in	   fifty	   years	   and	   causes	   an	   increase	  
pressure	   on	   the	   natural	   environment.	   The	   continual	   growing	   food	   requests	   imply	  
deforestations	  to	  grow	  food	  to	  feed	  humans	  and	  livestock;	  primary	  forests	  account	  for	  36%	  
of	  total	  forest	  area	  in	  the	  world,	  but	  lost	  more	  than	  40	  million	  hectares	  since	  2000	  (Lindquist	  
et	   al.,	   2012).	   The	   Amazon	   rainforest,	   which	   is	   the	  most	   emblematic	   example,	   disappears	  
continuously	   to	  make	   farms,	   field	   to	   grow	   food,	   roads,	   etc.	  Numerous	   species	   struggle	   to	  
subsist	   in	   a	   decreased	   living	   environment	   causing	   a	   conflict	   with	   humans.	   For	   example,	  
livestock	  is	  grazing	  on	  additional	  areas	  every	  year,	  causing	  for	  instance	  in	  Namibia	  attacks	  by	  
the	  baboons	  on	  the	  cattle’s	  	  (Bentley	  et	  al.,	  2011).	  	  
Indeed	  species	  have	   less	  space	  to	   live	  on	  the	  planet.	  Many	  threats	  such	  as	  destructions	  of	  
natural	  habitat,	  poaching,	  global	  warming	  or	  conflicts	  arising	  between	  humans	  and	  animals,	  
lead	   to	   the	   gradual	   disappearance	   of	   species.	   In	   1964,	   as	   the	   threat	   increased,	   the	  
International	   Union	   for	   Conservation	   of	   Nature	   (IUCN)	   created	   a	   Red	   List,	   which	   is	   the	  
world's	  most	  comprehensive	  inventory	  of	  the	  global	  conservation	  status	  of	  plant	  and	  animal	  
species	  (IUCN,	  2012).	  Within	  the	  Red	  List,	  each	  species	  or	  subspecies	  can	  be	  classified	  in	  one	  
of	  the	  following	  nine	  categories:	  Extinct	  (EX),	  Extinct	  in	  the	  Wild	  (EW),	  Critically	  Endangered	  
(CR),	   Endangered	   (EN),	   Vulnerable	   (VU),	   Near	   Threatened	   (NT),	   Least	   Concern	   (LC),	   Data	  
Deficient	   (DD)	   and	   Not	   Evaluated	   (NE)	   (IUCN,	   2012).	   Classification	   of	   a	   species	   in	   one	   of	  
three	   categories	   of	   endangered	   species	   (CR,	   EN	   and	   VU)	   is	   fixed	   through	   a	   series	   of	   five	  
criteria,	   which	   are	   based	   on	   different	   biological	   factors	   associated	   with	   extinction	   risk:	  
population	   size,	   rate	   of	   decline,	   geographic	   distribution,	   degree	   of	   population	   and	  
distribution	  fragmentation.	  
In	  2000,	  a	  joint	  study	  by	  IUCN	  and	  the	  World	  Wildlife	  Fund	  found	  that	  34%	  of	  the	  world’s	  fish	  
species,	  25%	  of	  amphibians,	  24%	  of	  mammals,	  20%	  of	   reptiles,	  14%	  of	  plants,	  and	  12%	  of	  
bird’s	   species	   are	   under	   threat	   of	   extinction.	   IUCN	   counts	   21’000	   threatened	   species	   on	  
70’294	   studied	   species	   in	   the	   entire	   world	   (IUCN,	   2013).	   Some	   of	   them	   depend	   on	  
conservation	  projects	  for	  their	  survival;	  others	  are	  considered	  as	  vulnerable,	  endangered	  or	  
extinct.	   Moreover,	   many	   species	   have	   already	   disappeared,	   such	   as	   the	   Chinese	   white	  
dolphin	   (Lipotes	   vexillifer)	   extinct	   in	   2007	  or	   the	   Tasmania	   tiger	   (Thylacinus	   cynocephalus)	  
extinct	  in	  1930	  (IUCN,	  2013).	  	  
The	  IUCN	  showed	  a	  consistent	  decline	  in	  average	  species	  abundance	  of	  about	  40%	  between	  
1970	  and	  2000	  (IUCN,	  2013).	  When	  a	  species	  got	  extinct,	  sometimes	  an	  entire	  ecosystem	  is	  
threatened.	  For	   instance,	   the	  death	  of	   the	  corrals	   in	   the	  Great	  Barrier	  Reef	  due	   to	  several	  
aspects	   (increase	   of	   the	   temperature,	   pollution,	   direct	   destruction,	   etc.)	   could	   lead	   to	   its	  
disappearance,	   and	   thus	   to	   the	   extinction	   of	   thousands	   of	   other	   endemic	   species	  
(Berkelmans	   et	   al.,	   2004).	   International	   trades	   and	   travels	   between	   continents	   cause	   an	  
unnatural	   translocations	  and	   further	  colonization	   in	  new	  environments,	  which	  promote	  an	  
unnatural	   phenomenon:	  movement	   of	   new	   species	   into	   new	   environments.	   Accidental	   or	  
intentional,	   migration	   of	   animal	   and	   plant	   species	   can	   seriously	   disrupt	   a	   stable	  
environment.	   For	   instance,	   the	   introduction	   of	   the	   European	   fox	   (Vulpes	   vulpes)	   in	   North	  
America	   and	   Australia	   resulted	   in	   the	   disappearance	   of	   some	  marsupial	   species	   (Kinnear,	  
2002).	  
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To	   limit	   the	   growing	   number	   of	   species	   disappearance,	   conservation	  methods	   have	   been	  
developed.	   The	   local	   protection	   of	   species	   and	   their	   habitats	   is	   an	   important	   tool	   in	  
conservation	   biology.	   However	   when	   species	   disappeared	   locally,	   reintroduction	   of	   living	  
individual	   has	   become	   a	   common	   practice.	   Reconstitution	   of	   populations	   relies	   on	  
individual’s	   transfers.	  These	  translocations	  are	  very	  variable	   in	  shape	  and	  scale,	  depending	  
on	  the	  local	  and	  global	  status	  of	  the	  concerned	  species	  and	  the	  reintroduction	  protocol.	  But	  
the	  impact	  and	  the	  applied	  methodology	  are	  different	  if	  the	  species	  is	  still	  present	  or	  not:	  In	  
case	   of	   individuals	   issued	   from	   captive	   breeding	   or	   individuals	   transferred	   from	   an	   area	  
where	   individuals	   lived	   in	   abundance	   and	   released	   into	   an	   area	   where	   the	   species	   was	  
formerly	   present,	   the	   term	   of	   reintroduction	   is	   used.	   On	   the	   opposite,	   if	   the	   species	   of	  
interested	   is	   still	   present	   in	   the	   environment,	   the	   term	   of	   reinforcement	   or	   restocking	   is	  
used;	  finally	  if	  the	  species	  has	  never	  been	  found	  in	  the	  area,	  the	  term	  of	  introduction	  is	  used	  
(Beck	  et	  al.,	  1994).	  
The	  main	  purpose	  of	  the	  reintroductions	  is	  to	  re-‐establish	  into	  the	  wild	  a	  viable	  population	  
of	   the	   focus	   species	   (or	   subspecies)	   that	  have	  disappeared	   from	   its	   natural	   habitat	   (UICN,	  
1998).	  Reintroduction	  programs	  must	  take	  into	  account	  genetic,	  behavior	  and	  pathology	  of	  
the	  studied	  species,	  restoration	  of	  habitat,	  etc.	  (Seddon	  et	  al.,	  2007).	  Moreover,	  success	  of	  
reintroduction	  programs	  is	  never	  assured.	  Reintroduction	  of	  captive-‐born	  mammals	  such	  as	  
carnivores	  is	  very	  difficult	  due	  to	  the	  lack	  of	  skills	  to	  hunt	  prey	  and	  consequently	  survive,	  or	  
to	   poaching.	   In	   1987,	  Wemmer	   and	   Derrickson	   found	   that	   at	   least	   four	   or	   five	   of	   the	   20	  
mammalian	  reintroductions	  have	  been	  successful	   in	  establishing	  viable	  populations.	  Today,	  
the	   success	   of	   reintroduction	   is	   higher	   due	   to	   example	   of	   success	   and	   failure	   of	  
reintroduction	  in	  literature	  (Beck	  et	  al.,	  1994).	  	  
While	   a	   growing	   number	   of	   reintroduction	   projects	   have	   being	   undertaken	   around	   the	  
world,	  the	  International	  Union	  for	  Nature	  Conservation,	  UICN	  (1987)	  raises	  some	  guidelines	  
to	  increase	  species	  reintroduction	  success	  with	  a	  group	  of	  experts.	  
First,	  causes	  of	  extinction	  need	  to	  be	  identified	  and	  eliminated	  (pollution,	  poaching,	  …)	  and,	  
in	   some	   cases,	   habitats	   have	   to	  be	   restore	  before	   release.	   Secondly,	   reintroduced	   species	  
must	  have	   the	   same	  genetic	   characteristics	   than	   the	  native	  populations.	  Then,	   the	  chosen	  
site	  needs	  to	  be	  in	  the	  natural	  range	  of	  the	  species	  (otherwise,	  it	  would	  be	  an	  introduction).	  
The	   health	   of	   the	   reintroduced	   individuals	  must	   be	   ensured,	   especially	   for	   reinforcement	  
program,	   in	   order	   to	   prevent	   the	   risk	   of	   spreading	   diseases.	   Finally,	   after	   the	   release,	  
monitoring	  must	  be	  undertaken	  to	  study	  the	  ecology	  and	  demography	  of	  the	  reintroduced	  
individuals,	  as	  well	  as	  a	  study	  of	  the	  long-‐term	  adaptation	  of	  individuals	  in	  the	  newly	  created	  
population	  (UICN,	  1998).	  	  
	  
Generally,	   successful	   reintroductions	   are	   more	   frequently	   reported	   and	   failed	   events	   are	  
consequently	   underrepresented	   in	   the	   literature.	   An	   example	   of	   failed	   reintroduction	  
programs	   is	   the	   reintroduction	   of	   Oribi	   (Ourebia	   ourebia)	   in	   South	   Africa.	   Oribi	   is	   a	   small	  
antelope,	  which	   live	   in	  open	  grasslands.	  The	  species	   listed	  as	  endangered	  and,	   to	   increase	  
their	  populations,	  adult	  individuals	  were	  breed	  in	  captivity	  and	  then	  young	  individuals	  were	  
reintroduced	  into	  the	  wild.	  Ten	  individuals	  were	  released	  and	  after	  two	  months,	  7	  of	  the	  10	  
Oribi	  were	  found	  dead	  (the	  normal	  longevity	  for	  wild	  animals	  is	  10-‐12	  years;	  Grzimek,	  1990),	  
mostly	  due	  to	  predation	  by	  natural	  predators	  and	  humans	  (Grey-‐Ross	  et	  al.,	  2009).	  This	  case	  
demonstrated	   the	   importance	   of	   reintroduce	   individuals	   in	   suitable	   habitats,	   where	  
individuals	   are	   not	   hunt	   by	   humans	   to	   guaranty	   the	   success	   of	   a	   reintroduction	   project.	  
However,	  many	  reintroduction	  programs	  meet	  a	  real	  success	  (Grey-‐Ross	  et	  al.,	  2009).	  
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A	   positive	   and	   significant	   example	   of	   reintroduction	   is	   the	   bearded	   vulture	   (Gypaetus	  
barbatus),	   which	   disappeared	   from	   the	   European	   Alps	   about	   one	   century	   ago.	   An	  
international	   reintroduction	  program	  (which	  started	   in	  1986	  up	  to	  2003)	  was	  able	  to	  grow	  
121	  individuals	  in	  captivity	  and	  reintroduced	  them	  in	  the	  wild,	  with	  a	  first	  release	  in	  Austrian	  
Alps,	  followed	  by	  releases	  in	  the	  Swiss	  Alps	  (Hirzel	  et	  al.,	  2004).	  The	  theoretical	  population	  
size	  in	  2011	  reached	  227	  individuals	  on	  the	  entire	  Alpine	  habitat.	  In	  Switzerland,	  a	  bearded	  
vulture	  hatched	  for	  the	  first	  time	  by	  the	  end	  of	  March	  2007	  above	  the	  Swiss	  National	  Park	  
(Grisons)	  and	  another	  was	  born	  near	  Derborence	  (Wallis)	   in	  April	  2007.	  These	  births	   in	  the	  
wild	  demonstrated	  the	  success	  of	  the	  reintroduction	  project	  (International	  Bearded	  Vulture	  
Monitoring,	  2012).	  
	  
In	   Europe,	   another	   successful	   reintroduction	   refers	   to	   the	   ibex	   (Capra	   ibex	   ibex).	   Its	   over-‐
exploitation	  and	  poaching	  began	  in	  the	  1500s	  and	  led	  to	  a	  massive	  decrease	  in	  the	  European	  
Alps.	   By	   the	   early	   1800s,	   less	   than	   100	   individuals	   survived	   in	   a	   single	   population	   in	   the	  
Italian	  Gran	   Paradiso	  mountain	  massif	   (Stüwe,	  Nievergelt,	   1991).	   In	   Switzerland,	   restoring	  
the	  Alpine	  ibex	  population	  was	  an	  important	  goal.	  As	  no	  purebred	  individuals	  were	  available,	  
several	  unsuccessful	  reintroductions	  of	  ibex-‐domestic	  goat-‐hybrids	  were	  made	  since	  1815.	  In	  
1914,	  a	  second	  reintroduction	  failed	  in	  the	  Piz	  d’Ela	  Massif	  (Grisons),	  perhaps	  due	  to	  illegal	  
hunting.	   Later,	   in	   1920,	   7	   individuals	   were	   reintroduced	   into	   the	   Swiss	   National	   Park	  
(Grisons),	  followed	  by	  releases	  in	  other	  favorable	  places	  of	  Switzerland.	  Between	  1920	  and	  
1933,	  25	  individuals	  were	  reintroduced	  in	  Italy	  (Argentera),	  a	  part	  of	  the	  population	  moved	  
to	  France	  around	  1950	  (Krammer,	  2013).	  In	  the	  1980s	  and	  1990s,	  four	  major	  reintroductions	  
allowed	  the	  species	  to	  significantly	  increase	  its	  presence	  in	  France	  (Krammer,	  2013).	  Today,	  
the	  wild	  Alpine	  ibex	  populations	  count	  about	  40’000	  individuals	  occurring	  in	  the	  entire	  Alps	  
(On	  line,	  WAZA	  Conservation	  Project).	  	  

The	  majority	  of	  reintroduction	  projects	  involved	  mammals	  and	  birds	  (Cadi,	  2003)	  such	  as	  in	  
Switzerland	   with	   lynx,	   wolves,	   ibex	   or	   bearded	   vulture.	   Two	   reasons	   could	   explain	   this	  
phenomenon.	   The	   biological	   knowledge	   is	  more	   important	   for	   higher	   vertebrates.	   Indeed	  
reintroduced	  species	  are	   in	  many	  cases	  flagship	  species	  (Cadi,	  2011).	  The	  reintroduction	  of	  
symbolic	   species	   provides	   great	   means	   of	   education	   for	   the	   conservation	   of	   endangered	  
species,	  the	  protection	  of	  its	  habitat,	  in	  which	  others	  less	  symbolic	  species	  also	  lived,	  such	  as	  
reptiles	  and	  amphibians.	  	  
	  
In	   Switzerland,	   the	   Coordination	   center	   for	   the	   protection	   of	   amphibians	   and	   reptiles	  
(KARCH)	  aims	  to	  promote	  and	  coordinate	  all	  activities	  related	  to	  the	  study	  and	  protection	  of	  
native	  amphibians	  and	   reptiles.	   The	  main	  goal	   is	   to	   improve	   the	   living	   conditions	  of	   these	  
species,	  to	  maintain	  populations	  and	  maintain	  their	  habitat.	  Furthermore,	  one	  essential	  task	  
of	  the	  KARCH	  is	  to	  initiate	  and	  coordinate	  the	  harvest	  of	  field	  observations.	  The	  conservation	  
of	   native	   species	   of	   amphibians	   and	   reptiles	   still	   present	   in	   Switzerland	   remains	   the	   first	  
priority	   of	   the	   KARCH.	   The	   conservation	   of	   reptiles	   in	   Switzerland	   is	   based	   on	   two	   main	  
conditions:	  first,	  the	  conservation	  of	  existing	  sites	  and	  then,	  when	  other	  approaches	  are	  not	  
possible	   reinforcement	   of	   populations	   by	   reintroduction	   projects.	   Reinforcement	   of	  
population	   and	   reintroduction	   are	   possible	   only	   with	   non-‐hybrid	   animals	   with	   same	  
characteristics	  of	  the	  native	  populations	  (KARCH,	  2011).	  For	  the	  rehabilitation	  of	  an	  extinct	  
species,	   individuals	   are	   reintroduced	   into	   a	   habitat	   where	   it	   has	   disappeared	   for	   various	  
reasons.	  It	  could	  be	  either	  a	  recently	  extinct	  species	  in	  a	  region	  (e.g.	  Tree	  frog,	  Hyla	  arborea,	  
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in	  the	  canton	  of	  Basel-‐Land)	  or	  a	  species,	  which	  disappeared	  in	  ancient	  times,	  on	  the	  order	  
of	   a	   hundred	   years	   (e.g.	   the	   European	   pond	   turtle,	  Emys	   orbicularis	   orbicularis	   (Linnaeus,	  
1758),	  in	  the	  canton	  of	  Neuchâtel,	  Ticino)	  (KARCH,	  2007).	  
	  
The	   European	   pond	   turtle	   has	   a	   wide	   distribution	   area,	   but	   is	   currently	   restricted	   in	  
Switzerland	  to	  small	  populations	  in	  Geneva	  and	  Ticino.	  During	  the	  past	  centuries,	  they	  were	  
consumed	  in	  large	  quantities.	  Moreover,	  the	  pollution	  and	  loss	  of	  its	  habitat	  had	  lead	  to	  the	  
strong	  decrease	  of	  the	  populations	  (Bonin	  et	  al.,	  1996).	  
Remains	   of	   shells	   dating	   back	   7000	   years	   (Mesolithic)	   have	   proved	   the	   presence	   of	   this	  
species	   in	   Switzerland.	   More	   recently,	   several	   observations	   of	   this	   species	   have	   been	  
reported	   between	   1800	   and	   1930	   in	   the	   lowlands	   of	   Switzerland	   (Hofer	   et	   al.	   2001).	   The	  
European	  pond	  turtle	  was	  considered	  as	  extinct	  on	  the	  Swiss	  Red	  List	  of	  threatened	  and	  rare	  
amphibians	  and	  reptiles	  of	  1982	  and	  1994	   (Hotz	  and	  Broggi,	  1982;	  Duelli,	  1994).	   Its	   status	  
changed	   on	   the	   new	   Red	   List	   of	   threatened	   reptiles	   in	   Switzerland	   (Monney	   and	  Meyer,	  
2005).	  The	  proof	  of	  the	  existence	  of	  a	  wild	  and	  viable	  population	  of	  Emys	   in	  the	  canton	  of	  
Geneva	   (natural	   reserve	  of	  Moulin-‐de-‐Vert)	   and	   the	  uncertainty,	  which	   remains	  about	   the	  
indigenous	  origin	  of	  observed	  individuals	  in	  different	  environment	  of	  Switzerland,	  are	  at	  the	  
origin	   of	   this	   status	  modification.	   Today,	   the	   European	  pond	   turtle	   is	   ranking	   as	   “critically	  
endangered”	   (CR)	   on	   the	   Swiss	   Red	   List	   of	   threatened	   and	   rare	   amphibians	   and	   reptiles	  
(Monney	  and	  Meyer,	  2005).	  
In	  1999,	  Florence	  Nuoffer	  proved	  the	  presence	  of	  viable	  populations	  of	  Emys	  in	  our	  country.	  
More	   precisely,	   she	   showed	   that	   a	   restricted	   population	   existed	   in	   the	   natural	   reserve	   of	  
Moulin-‐de-‐Vert	  (canton	  of	  Geneva),	  which	  comes	  from	  released	  individuals	  in	  the	  1950s.	  In	  
2001,	  Denis	  Mosimann	  conducted	  another	  study	  on	  this	  population,	  testing	  a	  new	  method	  
of	  capture.	  The	  results	  showed	  that	  the	  population	  had	  more	  than	  300	  individuals.	  
The	  population	  of	  Moulin-‐de-‐Vert	  is	  the	  only	  established	  population	  of	  Emys	  in	  Switzerland.	  
Unfortunately,	  individuals	  from	  different	  origins	  have	  been	  released	  there	  since	  50	  years.	  In	  
2010,	   Mattieu	   Raemy	   demonstrated	   that	   this	   population	   is	   composed	   by	   three	   different	  
subspecies,	   Emys	   orbicularis	   orbicularis	   (mitochondrial	   haplotype	   IIa),	   Emys	   orbicularis	  
hellenica	   (haplotype	   IVa)	   and	   Emys	   orbicularis	   galloitalica	   (haplotype	   Va)	   and	   that	   most	  
individuals	  are	  hybrids,	  which	  are	  non-‐indigenous	  individuals.	  Because	  reinforcements	  of	  the	  
European	  pond	   turtle	   populations	  of	  Moulin-‐de-‐Vert	  were	  made	  without	  previous	   genetic	  
studies,	  we	  are	  unable	  to	  say	  whether	   indigenous	   individuals	  were	  present	  or	  not,	  but	  the	  
presence	  of	  indigenous	  individuals	  at	  the	  origin	  is	  unlikely.	  
	  
Reintroduction	  projects	  for	  the	  European	  pond	  turtle	  is	  based	  on	  these	  following	  conditions:	  
first,	  before	  the	  installation	  of	  a	  reintroduction	  program,	  the	  essential	  obligation	  is	  to	  ensure	  
the	  total	  absence	  of	  the	  species	  through	  the	  implementation	  of	  a	  research	  protocol	  and	  case	  
detection	   on	   the	   site	   and	   the	   surrounding	   sites	   (Cadi	   2003).	   Secondly,	   the	   choice	   of	   the	  
reintroduction	  sites,	  which	  the	  altitude	  of	  sites	  must	  not	  be	  more	  than	  500m,	  with	  at	  least	  
one	  optimal	  nesting	  site.	  Sites	  need	  to	  be	  varied	  and	  vast	  (20-‐100ha).	  Then,	  define	  the	  local	  
genetic	   pool;	   only	   the	   non-‐hybrid	   individuals,	   which	   are	   of	   the	   same	   haplotype	   as	   the	  
indigenous	  populations,	   can	  be	   reintroduced.	   In	  north	  of	  Alps,	   the	   correct	   lineage	   is	  Emys	  
orbicularis	  orbicularis	  (haplotype	  IIa).	  Finally,	  reintroduction	  has	  to	  take	  place	  during	  spring,	  
to	  allow	  animals	  to	  adapt	  to	  their	  new	  environment	  (KARCH,	  2011).	  
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The	  canton	  of	  Geneva	  was	  the	  first	  to	  establish	  a	  reintroduction	  project	  of	  Emys	  orbicularis.	  
The	  main	  aim	  was	  to	  increase	  the	  number	  of	  Emys	  populations	  in	  the	  canton	  of	  Geneva	  in	  
order	  to	  reduce	  the	  threat	   level	  for	  this	  species.	  Thereby,	  a	  first	  released	  took	  place	  in	  the	  
natural	  reserve	  of	  Jussy/Près-‐Bordon	  in	  2010,	  followed	  by	  a	  second	  in	  2011.	  Being	  of	  hybrid	  
origins,	   individuals	   from	   Moulin-‐de-‐Vert	   could	   not	   be	   used	   for	   reintroduction	   and/or	  
reinforcement	   projects.	   Therefore,	   individuals	   used	   for	   reintroduction	   need	   to	   come	   from	  
other	  sources,	  as	  instance	  from	  breeding	  stations	  in	  Switzerland	  and	  genetic	  tests	  are	  made	  
to	  prove	  that	  individuals	  are	  of	  right	  lineage	  (haplotype	  IIa).	  	  
However,	  before	  these	  reintroductions,	  the	  marshland	  of	  Près-‐Bordon	  and	  Rappes	  had	  to	  be	  
partially	  restored,	  and	  an	  optimal	  nesting	  site	  has	  been	  built.	  A	  total	  of	  22	  individuals	  were	  
released	  in	  this	  natural	  reserve,	  14	  individuals	  in	  the	  pond	  of	  Près-‐Bordon	  and	  8	  individuals	  
in	  the	  pond	  of	  Rappes,	  which	  is	  distant	  of	  a	  few	  hundreds	  meters.	  All	  reintroduced	  animals	  
were	  equipped	  with	  transmitters	  and	  monitoring	  by	  telemetry.	  The	  transmitters	  allowed	  to	  
evaluate	  the	  success	  of	  reintroduction	  and	  to	   increase	  our	  knowledge	  about	  Emys,	  habitat	  
use,	   basking	   sites,	   favorite	   vegetation,	   etc.,	   which	   are	   essential	   information	   for	   future	  
reintroduction	  projects.	  
	  
A	  second	  reintroduction	  program	  was	  planed	  in	  Switzerland.	  In	  the	  canton	  of	  Neuchâtel,	  the	  
natural	  reserve	  of	  La	  Vieille-‐Thielle	  was	  considered	  as	  an	  ideal	  area	  for	  the	  reintroduction	  of	  
Emys	   orbicularis.	   This	   reserve	   was	   restored	   in	   2009	   and	   regroups	   all	   characteristics	   for	   a	  
reintroduction	   program.	   After	   obtaining	   the	   cantonal	   and	   Federal	   authorizations,	   the	   first	  
official	  reintroduction	  of	  Emys	  orbicularis	  in	  the	  canton	  of	  Neuchâtel	  took	  place	  on	  the	  21th	  
May	  2013,	  where	  10	   individuals	  equipped	  with	  transmitters	  were	  released.	  As	   for	  Geneva,	  
individuals	  used	  for	  reintroduction	  come	  from	  the	  Swiss-‐Emys	  breeding	  station	  and	  were	  all	  
genetically	   tested	   before	   released.	   As	   for	   the	   reintroduction	   in	   Geneva,	   the	   use	   of	  
transmitters	  allows	  following	  their	  individual	  movements	  and	  further	  capture	  sessions	  were	  
planned	   in	  order	   to	   study	   their	   growth.	  This	  Master	  project	  aimed	   in	   the	   follow-‐up	  of	   the	  
reintroduced	  individuals.	  
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	  2.2	  Aims	  of	  the	  project	  
	  

General	   aims	  of	   this	   project	  were	   to	   study	   the	  habitat	   use	   and	  body	   temperatures	  of	   the	  
released	  individuals	  of	  the	  European	  pond	  turtle	  and	  temperature	  of	  nesting	  sites	  located	  in	  
different	  places	  of	  Switzerland	  to	  better	  understand	  the	  requirements	  for	  its	  reintroduction	  
and	   conservation	   in	   Switzerland.	   By	   studying	   habitat	   use	   and	   body	   temperature	  with	   the	  
help	  of	  radio	  telemetry,	  I	  intended	  to	  examine	  if	  any	  difference	  in	  habitat	  use	  exist	  between	  
reintroduced	  populations	  in	  the	  cantons	  of	  Geneva	  and	  Neuchâtel	  and	  to	  determine	  if	  body	  
temperature	   are	   identical	   between	   individuals	   from	   four	   different	   sites;	   individuals	   from	  
Moulin-‐de-‐Vert	   (canton	   of	   Geneva),	   which	   is	   an	   extremely	   favorable	   thermic	   place;	  
individuals	   in	   the	   natural	   reserve	   of	   La	   Vieille	   Thielle	   (canton	   of	   Neuchâtel),	   which	   is	  
assumed	  as	  a	  favorable	  thermic	  place;	  individuals	  from	  Menziken	  (canton	  of	  Argovie),	  which	  
is	   a	   not	   very	   favorable	   thermic	   site	   and	   finally	   individuals	   from	  Orzens	   (canton	   of	   Vaud),	  
which	  is	  a	  less	  favorable	  thermic	  site.	  I	  used	  individual	  body	  temperature	  from	  different	  sites	  
to	   determine	   whether	   or	   not	   thermoregulation	   activity	   differed	   between	   individuals	   in	  
different	  environments.	  By	  studying	   temperature	  of	  nesting	  sites,	   I	   intended	   to	  examine	   if	  
any	  difference	  in	  temperature	  exist	  in	  different	  potential	  nesting	  sites	  located	  in	  Switzerland	  
and	  if	  hatchling	  could	  occur	  in	  every	  locations.	  Thus,	  my	  aims	  were:	  (1)	  Do	  individuals	  from	  
La	  Vieille	  Thielle	  have	  the	  same	  behavior	  (displacement,	  habitat	  use)	  than	   individuals	   from	  
Jussy/Près-‐Bordon	  after	  reintroduction?	  (2)	  Do	  individuals	  from	  different	  environments	  have	  
the	   same	   mean	   body	   temperature	   and	   how	   body	   temperature	   affects	   their	   activity	  
patterns?	  (3)	  What	   is	  the	  difference	  of	  temperature	  between	  different	  nesting	   locations	   in	  
Switzerland	  and	  are	  all	   studied	   sites	   favorable	   for	  hatchling?	  And	   finally	   (4)	  how	  could	  we	  
use	   these	   results	   to	   improve	   the	   reintroduction	   and	   conservation	   of	   the	   European	   pond	  
turtle	  in	  Switzerland?	  
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3.	  Materials	  and	  methods	  

3.1	  Study	  Species	  -‐	  The	  European	  pond	  turtle	  
	  
The	  European	  pond	  turtle	   is	  a	  small	  freshwater	  turtle	  (adult	  weight:	  250-‐900gr	  and	  length:	  
11-‐19cm).	   Its	  appearance	  varies	  over	   its	   large	  range;	  this	  turtle	   is	  usually	  easily	   identifiable	  
by	  the	  bright	  yellow	  or	  gold	  speckling	  on	  the	  dark	  carapace	  and	  skin	  of	  many	  juveniles	  and	  
adults	   (Levine,	   1993)	   (Figure	   1).	   However,	   some	   populations	   can	   be	   nearly	   entirely	   black	  
with	  very	  few	  yellow	  markings.	  In	  general,	  individuals	  from	  the	  north	  of	  the	  range	  tend	  to	  be	  
darker	  and	  larger	  than	  their	  southern	  counterparts	  (Fritz,	  2003).	  The	  color	  of	  the	  male’s	  iris	  
also	   varies	   geographically,	   from	   red,	   brownish-‐yellow	  and	   yellow	   to	  pure	  white,	  while	   the	  
eyes	  of	  females	  are	  generally	  yellow,	  occasionally	  white	  (Ernst	  et	  al.,	  2006).	  However,	  a	  clear	  
sexual	   dimorphism	   exists	   between	   females	   and	  males;	   females	   have	   a	   flat	   plastron	   and	   a	  
small	   tail.	  Conversely,	  males	  have	  a	  concave	  plastron	  and	   long	   tail.	   There	  are	  currently	  14	  
described	  regional	  subspecies,	  which	  differ	  in	  size,	  color	  and	  markings	  (Fritz,	  2003),	  although	  
there	  is	  still	  much	  debate	  over	  the	  validity	  of	  these	  divisions	  (Highfield,	  2006).	  
The	  European	  pond	  turtle	  lives	  in	  temperate	  aquatic	  habitats,	  which	  are	  rich	  in	  vegetation,	  
such	  ponds	  with	  muddy	  bottom	  or	  marshlands.	  Favorable	  habitats	  must	  also	  have	  basking	  
places	  and	  nesting	  sites;	  for	  this	  aspect,	  females	  need	  dry,	  warm	  places	  with	  sandy	  soil	  and	  
out	   of	   flooding	   to	   lay	   eggs	   (e.g.	   sand	   dune).	   Unlike	   its	   common	   name	   suggests,	   the	  
European	  pond	  turtle	  is	  not	  restricted	  to	  Europe,	  but	  in	  fact	  has	  a	  wide	  distribution	  that	  also	  
includes	   northern	  Africa	   and	  western	   and	   central	   Asia.	   In	   Europe,	   it	   is	   largely	   confined	   to	  
southern	  and	  central	  countries	  (Cadi,	  2003).	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  

	  Fig.	  1:	  European	  pond	  turtle	  	  (©Olivier	  Born).	  
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3.2	  Status	  
	  
The	  European	  pond	  turtle	  is	  the	  only	  native	  species	  of	  turtles	  in	  Switzerland.	  The	  species	  is	  
present	  in	  Switzerland	  since	  the	  Holocene,	  when	  melting	  glaciers.	  Indeed,	  remains	  of	  shells	  
dating	  back	  7000	  years	  (Mesolithic)	  have	  proved	  the	  presence	  of	  this	  species	  in	  Switzerland	  
(Fritz,	   2003).	   More	   recently,	   several	   observations	   of	   this	   species	   have	   been	   reported	  
between	   1800	   and	   1930	   in	   the	   lowlands	   of	   Switzerland	   (Hofer	   et	   al.	   2001).	   First	   releases	  
began	  in	  the	  1950s,	  especially	  in	  the	  canton	  of	  Geneva,	  but	  also	  in	  the	  cantons	  of	  Fribourg,	  
Bern	  and	  St.	  Gallen	  (Nuoffer,	  2000).	  The	  majority	  of	  these	  reintroductions	  took	  place	  around	  
the	  years	  1970-‐1980	  (see	  Table	  1).	  	  
	  

Date	   Place	   Canton	   Number	  of	  
individuals	  

Origin	  

1960’	   Benkener	  Giessen	   SG	   4-‐5	   Unknown	  
1972	   Schulreservat	  

Benken	  
SG	   3	   Unknown	  

1973	   Selhofen-‐Zopfen	  
Belp	  

BE	   10	   Italy	  

1975	   Ponds	  of	  
Fräschels	  

FR	   36	  including16	  
juveniles	  

France,	  NN	  CH	  

1977	   Ponds	  of	  
Fräschels	  

FR	   7	   Turkey	  

1977	   Lake	  of	  Geist	  
Längenbühl	  

BE	   10	   Yugoslavia?	  

1950	   Moulin-‐de-‐Vert	   GE	   4	   Italy	  
1964	   Moulin-‐de-‐Vert	   GE	   21	   Italy	  
1978	   Gulf	  of	  Capite	   GE	   15	   Italy	  
1978	   Grand	  Miolan	   GE	   11	   Korfu	  
1978	   Pierre	  Grise	   GE	   6	   Corsica	  
1978	   Laconnex	   GE	   16	   Korfu	  

Table	  1:	  Releases	  of	  Emys	  orbicularis	  in	  Switzerland	  in	  the	  years	  1950-‐1970	  as	  listed	  in	  Hofer	  et	  al.,	  2001.	  

In	  whole	  Europe,	  populations	  of	  Emys	  orbicularis	  have	  decreased	  during	  the	  past	  centuries	  
because	  they	  were	  regularly	  consumed	  (Bonin	  and	  al,	  1996).	  Decrease	  is	  also	  due	  to	  others	  
human	   factors,	   such	   as	   damming	   rivers,	   draining	   wetlands,	   habitat	   fragmentation,	  
urbanization,	   pollution	   (such	   as	   pesticides),	   etc,	   which	   leads	   to	   a	   huge	   loss	   of	   habitat.	  
Another	  problem	  is	  abandonment	  of	  nesting	  sites	  because	  females,	  which	  are	  searching	  for	  
laying	  eggs,	  get	  run	  over	  on	  roads.	  Additionally,	  the	  local	  introduction	  of	  the	  red-‐eared	  turtle	  
(Trachemys	  scripta	  elegans)	  and	  other	  aquatics	  turtles	  can	  be	  an	  aggravating	  factor.	  The	  red-‐
eared	  turtle	  comes	  from	  USA,	  and	  this	  species	  is	  more	  aggressive	  and	  competitive	  than	  the	  
European	  pond	  turtle;	  consequently,	   the	   red-‐eared	   turtle	  occupy	   the	  habitat	  of	  our	  native	  
turtle	  (Cadi,	  2000;	  Cadi,	  2003).	  	  
The	  European	  pond	  turtle	  was	  considered	  as	  extinct	  on	  the	  Swiss	  Red	  List	  of	  threatened	  and	  
rare	   amphibians	   and	   reptiles	   of	   1982	   and	   1994	   (Hotz	   and	   Broggi,	   1982;	   Duelli,	   1994).	   Its	  
status	  changed	  in	  the	  Atlas	  of	  reptiles	  in	  Switzerland	  (Hofer	  et	  al.,	  2001)	  and	  more	  recently	  
on	  the	  new	  Red	  List	  of	   threatened	  reptiles	   in	  Switzerland	  (Monney	  and	  Meyer,	  2005).	  The	  
proof	   of	   the	   existence	   of	   a	   wild	   and	   viable	   population	   of	   Emys	   in	   the	   canton	   of	   Geneva	  
(natural	   reserve	   of	   Moulin-‐de-‐Vert)	   and	   the	   uncertainty,	   which	   remains	   about	   the	  
indigenous	  origin	  of	  observed	  individuals	  in	  different	  environment	  of	  Switzerland,	  are	  at	  the	  
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origin	   of	   this	   status	  modification.	   Today,	   the	   European	  pond	   turtle	   is	   ranking	   as	   “critically	  
endangered”	   (CR)	   on	   the	   Swiss	   Red	   List	   of	   threatened	   and	   rare	   amphibians	   and	   reptiles	  
(Monney	   and	   Meyer,	   2005)	   and	   is	   considered	   as	   one	   of	   the	   most	   threatened	   reptile	   in	  
Switzerland.	  The	  European	  pond	  turtle	  becomes	  a	  priority	  species	  from	  the	  point	  of	  view	  of	  
conservation	  and	  reinforcement	  of	  populations	  (Monney,	  2009).	  
	  

3.3	  Study	  sites	  
	  
	  
	  
	  

	  

	  

	  

	  

	  
	  
	  

	  
	  

	  

	  

	  
	  
Fig.	  2:	  Map	  of	  Switzerland	  showing	  the	  localization	  of	  the	  studied	  sites	  (1)	  Red	  circle	  =	  natural	  reserve	  of	  Moulin-‐de-‐Vert	  
in	  the	  canton	  of	  Geneva,	  (2)	  orange	  circle	  =	  natural	  reserve	  of	  Jussy/Près-‐Bordon	  in	  the	  canton	  of	  Geneva,	  (3)	  green	  circle	  
=	  Orzens	   in	  the	  canton	  of	  Vaud,	  (4)	  yellow	  circle	  =	  natural	  reserve	  of	  La	  Grande	  Cariçaie	   in	  the	  canton	  of	  Vaud	  (site	  of	  
Font)	  and	  Fribourg	  (site	  of	  Châbles)	  (5)	  purple	  circle	  =	  natural	  reserve	  of	  La	  Vieille	  Thielle	  in	  the	  canton	  of	  Neuchâtel	  and	  
(6)	  blue	  circle	  =	  Menziken	  in	  the	  canton	  of	  Argovie.	  
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Sites	   Localization	   Body	  temperature	   Nesting	  sites	   Weight	  
La	  Vieille	  
Thielle	  

10	  individuals	  
May-‐Oct	  2013	  /	  
Mars-‐Oct	  2014	  

10	  individuals	  
May-‐Oct	  2013	  /	  
Mars-‐Oct	  2014	  

3	  iBouttons	  
June-‐Oct	  2014	  

4	  individuals	  
recaptured	  in	  
August	  2014	  

Moulin-‐de-‐
Vert	  

	   10	  individuals	  
May-‐Oct	  2013	  /	  
Mars-‐Oct	  2014	  

5	  iBouttons	  
June-‐Oct	  2014	  

7	  individuals	  
between	  2001	  

and	  2012	  
Près-‐
Bordon	  

10	  individuals	  
May-‐Oct	  2010	  
Mars-‐Oct	  2011	  

	   3	  iBouttons	  
June-‐Oct	  2014	  

7	  individuals	  
recaptured	  in	  

2011	  
Rappes	   	   	   3	  iBouttons	  

June-‐Oct	  2014	  
	  

Orzens	   	   2	  individuals	  
May-‐Oct	  2014	  

2	  iBouttons	  
June-‐Oct	  2014	  

	  

Menziken	   	   2	  individuals	  
July-‐Oct	  2014	  

	   	  

Châbles	   	   	   2	  iBouttons	  
June-‐Oct	  2014	  

	  

Font	   	   	   2	  iBouttons	  
June-‐Oct	  2014	  

	  

Table	   2:	   Table	   showing	  were	  data	  where	   collected.	   Localization	   and	  body	   temperature	  of	   each	   individual	  were	   found	  
using	   telemetry	   in	   order	   to	   compare	   habitat	   use	   and	   difference	   of	   body	   temperature	   between	   different	   locations	   in	  
Switzerland.	  Temperatures	  of	  nesting	  were	  calculated	  with	  iBouttons	  to	  show	  difference	  of	  temperature	  and	  determine	  
if	  hatchling	  could	  be	  possible.	  Finally,	  weights	  of	  each	  individual	  were	  measured	  before	  reintroduction	  and	  one	  year	  after	  
to	  compare	  growth	  rate	  in	  two	  different	  locations	  in	  order	  to	  compare	  growth	  rate	  in	  different	  locations.	  	  

3.3.1	  Natural	  reserve	  of	  Moulin-‐de-‐Vert	  
	  
The	   natural	   reserve	   of	  Moulin-‐de-‐Vert	   (46°10’46’’N,	   6°1’42’’E)	   is	   located	   in	   the	   canton	   of	  
Geneva	  near	  Cartigny	  and	  Aire-‐la-‐Ville,	  downstream	  of	  the	  dam	  of	  Verbois	  on	  the	  left	  bank	  
of	  the	  Rhone	  with	  an	  altitude	  of	  350	  meters	  (Figure	  3);	  this	  reserve	  is	  an	  ancient	  meander	  of	  
the	  Rhone.	  This	  habitat	  is	  considered	  as	  the	  most	  favourable	  environment	  for	  the	  European	  
pond	  turtle	   in	  Switzerland.	  Body	  temperature	  of	   individuals	   (2013-‐2014)	  and	  temperatures	  
of	  nesting	  sites	  (2014)	  were	  studied	  in	  this	  location	  (Table	  2).	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Fig.	   3:	   Localization	   of	   the	   natural	   reserve	   of	  
Moulin-‐de-‐Vert	   in	   the	   canton	   of	   Geneva,	  
Switzerland.	  (©Swisstopo). 
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The	  Figure	  4	  showed	  the	  ponds	  of	   the	  natural	   reserve	  of	  Moulin-‐de-‐Vert.	  On	  the	  Figure	  4,	  
the	   pond	   n°1	   is	   “Etang	   de	   L’Ouest”,	   which	   is	   directly	   connected	   to	   the	   Rhone	   by	   a	   small	  
canal.	  Its	  average	  water	  area	  is	  13’400m2.	  The	  pond	  n°2	  is	  called	  “Etang	  des	  Isles”,	  which	  has	  
an	  average	  area	  of	  10’200m2	  and	  the	  pond	  n°3	  is	  called	  “Etang	  de	  l’Est,	  which	  has	  an	  average	  
area	  of	  8’500m2.	   	   Finally,	   the	  pond	  n°4	   is	   “Etang	   (Robert)	  Hainard”,	  which	  has	  an	  average	  
water	  area	  of	  15’700m2	  (Mosimann,	  2002).	  The	  level	  of	  water	  in	  each	  pond	  depends	  on	  the	  
aquifer	  and	  precipitation.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  

	  

	  

	  

	  

	  
	  

Fig.	  4:	  Orthophoto	  of	  the	  ponds	  of	  the	  natural	  reserve	  of	  Moulin-‐de-‐Vert	  in	  the	  canton	  of	  Geneva,	  Switzerland.	  (1)	  “Etang	  
de	  l’Ouest,	  (2)	  “Etang	  des	  Isles”,	  (3)	  “Etang	  de	  l’Est”,	  (4)	  “Etang	  Hainard”	  	  (©Swisstopo).	  
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3.3.2.	  Natural	  reserve	  of	  La	  Vieille	  Thielle	  
	  
The	   natural	   reserve	   of	   La	   Vieille	   Thielle	   (47°2’57’’N,	   7°2’51’’E)	   is	   located	   in	   the	   canton	   of	  
Neuchâtel	   near	   Cressier	   (Figure	   5)	   at	   an	   altitude	   of	   436	   meters.	   This	   reserve	   is	   a	   very	  
interesting	  habitat	  for	  many	  aquatic	  species.	  In	  addition,	  following	  the	  work	  of	  renaturation,	  
the	  pond	  of	  La	  Vieille	  Thielle	  and	  the	  ancient	  dead	  arm	  of	  the	  river	  become	  ideal	  habitats	  for	  
the	  European	  pond	  turtle.	   Its	  average	  water	  area	   is	  7’700m2.	  This	  site	  was	  considered	  as	  a	  
favourable	   place	   for	   the	   European	   pond	   turtle	   (Cadi,	   2011).	   Body	   temperature	   of	  
reintroduced	   individuals	   (2013-‐2014),	   displacements	   (2013-‐2014)	   and	   temperatures	   of	  
nesting	  sites	  (2014)	  were	  studied	  in	  this	  location	  (Table	  2).	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Fig.	   5:	   Localization	   of	   the	   natural	   reserve	   of	   La	   Vieille	   Thielle	   in	   the	   canton	   of	   Neuchâtel,	  
Switzerland	  (©Swisstopo).	  

Fig.	   6:	  Orthophoto	  of	   the	   pond	  of	   the	  natural	   reserve	  of	   La	  Vieille	   Thielle	   in	   the	   canton	  of	  
Neuchâtel,	  Switzerland	  (©Swisstopo).	  
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3.3.3	  Natural	  reserve	  of	  Jussy/Près-‐Bordon	  
	  
The	  natural	  reserve	  of	  Jussy/Près-‐Bordon	  (46°15’8’’N,	  6°16’52’’E)	  is	  located	  in	  the	  canton	  of	  
Geneva	   between	   Jussy	   and	   the	   French	   border	   (Figure	   7).	   Following	   renaturation	   work	   in	  
2009,	   ponds	   and	  marshes	   area	  of	   Près-‐Bordon	  were	  evaluated	  as	  being	   favourable	   to	   the	  
European	   pond	   turtles	   (Gander,	   2010).	   Displacement	   of	   reintroduced	   individuals	   (2010-‐
2011)	  and	  temperatures	  of	  the	  nesting	  (2014)	  were	  studied	  in	  this	  location	  (Table	  2).	  
	  
	  
	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  

	  

	  

	  

	  
	  
	  
	  
	  
	  
	  

Fig.	   7:	   Localization	   of	   the	   natural	   reserve	   of	   Jussy/Près-‐Bordon	   in	   the	   canton	   of	  
Geneva,	  Switzerland	  (©Swisstopo).	  
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The	   Figure	   8	   showed	   all	   the	   ponds	   from	   the	   natural	   reserve	   of	   Jussy/Près-‐Bordon	   in	   the	  
canton	  of	  Geneva.	  The	  pond	  n°1	  is	  called	  Rappes	  which	  is	  the	  biggest	  of	  the	  reserve	  and	  its	  
average	  of	  water	  area	  is	  2000m2.	  The	  area	  n°2	  is	  the	  marshes	  of	  Près-‐Bordon.	  Pond	  of	  Près-‐
Bordon	  upstream	  (n°3)	  has	  an	  average	  of	  water	  area	  of	  860m2	  and	  downstream	  (n°4)	  has	  an	  
area	  of	  1200m2.	  	  
	  
	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Fig.	  8:	  Ponds	  of	  the	  natural	  reserve	  of	  Jussy/Près-‐Bordon	  in	  the	  canton	  of	  Geneva,	  Switzerland.	  (1)	  Rappes,	  (2)	  marshes	  of	  
Près-‐Bordon,	  (3)	  Près-‐Bordon	  upstream	  and	  (4)	  Près-‐Bordon	  downstream	  (©DGNP).	  
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3.3.4	  Orzens	  	  
	  
The	  pond	  is	  located	  in	  a	  private	  propriety	  in	  Orzens	  in	  the	  canton	  of	  Vaud,	  at	  an	  altitude	  of	  
623	  meters	   (46°43’13’’N,	  6°40’51’’E).	   The	  pond	  has	   two	  different	  water	   levels,	  one	  with	  a	  
depth	   of	   1m	   (hibernation	   site)	   and	   the	   other	   with	   a	   depth	   of	   40-‐50cm,	   which	   is	   heavily	  
vegetated	   (Figure	  9).	   The	  water	   area	   is	   15m2.	   Tree	   trunks	  were	  placed	  at	   the	  edge	  of	   the	  
pond	   in	  order	   to	  allow	   individual	   to	  bask.	  This	  site	   is	  considered	  as	   less	   favourable	   for	   the	  
European	   pond	   turtle,	   hatchling	   in	   natural	   conditions	   were	   only	   possible	   during	   the	   very	  
warm	  summer	  2003.	  Body	  temperature	  of	  individuals	  (2014)	  and	  temperatures	  of	  potential	  
nesting	  sites	  (2014)	  were	  studied	  (Table	  2).	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

3.3.5	  Menziken	  
	  
The	   pond	   is	   located	   in	   a	   private	   propriety	   of	   Menziken	   in	   the	   canton	   of	   Argovie,	   at	   an	  
altitude	  of	  544	  meters	  (47°14’39’’N,	  8°11’30’’E).	  The	  pond	  of	  Menziken	  has	  a	  water	  area	  of	  
20m2	  the	  pond	  is	  heavily	  vegetated	  (Figure	  10).	  Tree	  trunks	  were	  also	  placed	  at	  the	  edge	  of	  
the	  pond	  in	  order	  to	  allow	  individual	  to	  bask.	  This	  site	  is	  also	  considered	  as	  a	  not	  favourable	  
site	  such	  as	  in	  Orzens,	  hatchlings	  were	  only	  possible	  during	  the	  very	  warm	  summer	  in	  2003.	  
However,	   even	   if	   hatchlings	   are	   not	   possible,	   individuals	   are	   healthy	   and	   have	   a	   normal	  
growth,	  similar	  for	  individuals	  located	  in	  Orzens.	  Body	  temperature	  of	  individuals	  (2014)	  was	  
studied	  in	  this	  location	  (Table	  2).	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Fig.	   9:	   	   Pond	   of	   Orzens,	   which	   is	   heavily	   vegetated	   (©	  
Charlotte	  Ducotterd).	  

Fig.	  10	  :	  Pond	  of	  Menziken	  (©Hans	  Peter	  Schaffner).	  
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3.3.6	  Natural	  reserve	  of	  La	  Grande	  Cariçaie	  
	  
Sites	  of	  Font	   (46°48’43’’N,	  6°50’10’’E)	  and	  Châbles	   (46°49’44’’N,	  6°48’10’’E)	  are	   located	  on	  
the	  south	  shore	  of	  the	  Lake	  of	  Neuchâtel	  in	  the	  natural	  reserve	  of	  La	  Grande	  Cariçaie	  in	  the	  
canton	  of	  Vaud	  and	  Freiburg,	  which	  have	  an	  altitude	  of	  461	  meters	  (Font)	  and	  of	  478	  meters	  
(Châbles).	  The	  two	  sites,	  but	  more	  generally	  the	  whole	  natural	  reserve	  of	  La	  Grande	  Cariçaie	  
could	  be	  potential	  favourable	  sites	  for	  the	  European	  pond	  turtles.	  Temperatures	  of	  potential	  
nesting	  sites	  (2014)	  were	  studied	  in	  both	  locations	  (Table	  2).	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Fig.	   11:	   Localization	   of	   site	   of	   Font	   and	   Châbles	   in	   the	   natural	   reserve	   of	   La	   Grande	   Cariçaie	   in	   the	  
canton	  of	  Vaud	  and	  Fribourg,	  Switzerland	  (©Swisstopo).	  
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3.4	  Material	  
	  

3.4.1	  Telemetry	  data	  collection	  –	  localization	  and	  body	  temperature	  
	  
Ten	   equipped	   individuals	   were	   release	   in	   May	   2013	   in	   the	   natural	   reserve	   of	   La	   Vieille	  
Thielle.	  To	  compare	  thermic	  behaviour	  and	  habitat	  use	  between	   individuals	   from	  different	  
habitats,	  ten	  additional	  turtles	  from	  Hainard	  pond	  in	  the	  natural	  reserve	  of	  Moulin-‐de-‐Vert	  
were	  also	  equipped	  in	  August	  2013,	  as	  well	  as	  two	  individuals	  from	  Orzens	  in	  May	  2014	  and	  
from	  Menziken	   in	   July	  2014	  with	  similar	   transmitters.	   In	   the	  natural	   reserve	  of	   Jussy/Près-‐
Bordon,	   ten	   individuals	   have	   been	   equipped	   before	   reintroduction	   in	  May	   2010,	  Mattieu	  
Reamy	  collected	  data	   in	  order	   to	   study	  habitat	  use	   (Table	  2).	   Telemetry	  data,	  which	  were	  
collected	  in	  Jussy/Près-‐Bordon,	  were	  analysed	  and	  used	  to	  compare	  behavior	  of	  individuals	  
after	  reintroduction	  between	  Jussy/Près-‐Bordon	  and	  La	  Vieille	  Thielle.	  
In	   total,	   thirty-‐four	   R1100	   reptile	   body	   implants	   (Advanced	   Telemetry	   Systems©,	   Isanti,	  
Mennesota,	  USA),	  which	  weigh	  approximately	  5	  g,	  were	  glued	  with	  Araldit®	  to	  the	  front	  of	  
turtle’s	  carapace.	  All	  individuals	  equipped	  with	  transmitters	  weighed	  at	  least	  100	  grams,	  so	  
the	  transmitters	  represent	  less	  than	  5%	  of	  the	  total	  weight	  of	  the	  individual.	  After	  equipping	  
individuals	  have	  been	  placed	  in	  a	  dry	  place	  during	  1-‐2	  days	  before	  release.	  Every	  transmitter	  
was	   thermosensitive,	   thus,	   the	   rate	   of	   signal	   emission	   was	   a	   function	   of	   the	   transmitter	  
temperature.	   Before	   glued,	   all	   transmitters	   have	   been	   calibrated	   in	   order	   to	   accurately	  
calculate	   the	   temperature	   of	   each	   turtle	   during	   monitoring	   session.	   For	   the	   calibration,	  
twenty	  pulses	  were	  timed	  for	  each	  transmitter	  at	  seven	  temperatures	  between	  5	  and	  35°C.	  
Between	   each	   calibration	   temperature,	   the	   transmitters	   were	   placed	   at	   the	   new	  
temperature	  during	  about	  60	  minutes	   in	  order	   to	  give	  enough	   time	   to	   the	   transmitters	   to	  
adjust	   to	   the	   new	   temperature.	   Then,	   a	   calibration	   curve	   was	   calculated	   for	   each	   single	  
transmitter,	   allowing	   posterior	   evaluation	   of	   the	   body	   temperature	   (Tb)	   of	   each	   turtle	  
throughout	  fieldwork	  season.	  
	  
Individuals	   from	   La	   Vieille	   Thielle,	   Moulin-‐de-‐Vert	   and	   Orzens	   were	   located	   at	   remote	  
distance	   using	   a	   lightweight	   portable	   scanning	   receiver	   Australia	   26K	   (Tetley	   Scientific,	  
Ballina,	  Australia)	  with	  an	  antenna.	  The	  same	  material	  was	  also	  used	  to	  determinate	  the	  Tb	  
of	   each	   turtles.	  An	   advanced	   telemetry	   systems	  R4500S	  was	  used	   to	  determine	  Tb	   of	   two	  
individuals	  in	  Menziken,	  canton	  of	  Argovie.	  The	  advanced	  telemetry	  system	  is	  an	  automatic	  
system,	   which	   is	   used	   to	   monitor	   transmitters	   passing	   a	   site	   or	   presence/absence	   of	  
transmitters.	   The	   time,	   frequency,	   transmitter	   pulse	   rate	   were	   stored	   and	   data	   were	  
collected	  once	  in	  a	  month.	  
	  
Telemetry	   data	   collection	   took	   place	   between	   March	   and	   October,	   which	   is	   the	   activity	  
period	  of	  the	  European	  pond	  turtle.	  Once	  or	  twice	  per	  week,	  localization	  of	  individuals	  was	  
made	  by	  triangulation	  using	  telemetry.	  When	  animals	  were	  found	  and	  localized,	  they	  were	  
noticed	  on	  a	  map	  and	  exact	  geographic	  coordinate	  were	  determined	  late.	  
In	  La	  Vieille	  Thielle,	  Moulin-‐de-‐Vert	  and	  Orzens,	  the	  Tb	  of	  all	  individuals	  were	  taken	  once	  or	  
twice	   per	   week,	   every	   hour	   following	   the	   last	   Tb	   recording,	   six	   times	   a	   day.	   As	   for	   the	  
calibration,	  twenty	  pulses	  were	  counted	  each	  time.	  Time	  intervals	  were	  noticed	  on	  the	  field	  
and	  real	  body	  temperatures	  were	  calculated	  later.	  
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In	   order	   to	   compare	   Tb	   with	   the	   environmental	   temperature,	   the	   outdoor	   ambient	  
temperatures	  were	   gathered	   using	   the	   closest	  weather	   forecast	   station	   of	   different	   study	  
sites	  implemented	  by	  SwissMeteo.	  
	  

3.4.2	  Nesting	  sites	  
	  
To	   measure	   and	   compare	   temperature	   of	   nesting	   sites	   and	   potential	   nesting	   sites	   in	  
different	   locations	   of	   Switzerland,	   iButtons®	   (Maxim	   Integrated	   Products,	   Inc)	  were	   used.	  
These	  dataloggers	  were	  placed	   in	   the	  soil	  at	  a	  depth	  of	  8-‐10cm,	  which	  corresponds	  to	   the	  
average	  depth	  of	  Emys’s	  nests	  and	  between	  late	  May	  to	  late	  September.	  Into	  the	  wild,	  the	  
incubation	   period	   is	   of	   98-‐117	   days	  with	   an	   average	   temperature	   in	   the	   nest	   of	   22.6	   °	   C	  
(Fritz,	  2001).	   iButtons	  recorded	  soil	  temperature	  and	  after	  data	  collection,	  we	  determine	  if	  
the	  incubation	  temperature	  is	  reach	  in	  every	  locations.	  
iButtons	  were	  placed	  in	  the	  natural	  reserve	  of	  Jussy/Près-‐Bordon,	  Moulin-‐de-‐Vert,	  La	  Vieille	  
Thielle,	   La	   Grande	   Cariçaie	   (Font	   and	   Châbles)	   and	   Orzens	   (Table	   3).	   The	   varieties	   of	  
locations	   assumed	   to	  be	   good	  enough	   for	   the	  hatchling,	   some	  unknows	  and	   some	  bad	  or	  
suboptimals,	   iBouttons	  placed	  in	  the	  canton	  of	  Geneva,	  especially	   in	  the	  natural	  reserve	  of	  
Moulin-‐de-‐Vert	  were	  considered	  as	  optimal	  for	  hatchling,	  because	  hatchling	  occurred	  each	  
year	   in	   this	   location.	   Orzens	   was	   considered	   as	   the	   less	   favorable	   site	   because	   hatchling	  
occurred	   in	   this	  site	  only	  during	  the	  very	  warm	  summer	   in	  2003.	   	  The	  aim	   is	   to	  determine	  
what	   is	   the	   optimal	   nesting	   site	   for	   the	   European	   pond	   turtle	   and	   determine	   in	   the	  
reintroduction	  of	  Emys	  could	  be	  possible	  in	  other	  locations	  of	  Switzerland.	  
	  

Sites	   Description	  
Orzens	   Less	  favorable	  site	  in	  a	  private	  propriety	  at	  an	  altitude	  of	  623m	  
Font	   Meadow	  of	  the	  natural	  reserve	  of	  La	  Grande	  Cariçaie	  (altitude	  of	  461m)	  

Châbles	   Embankment	  for	  the	  CFF,	  located	  in	  La	  Grande	  Cariçaie	  (altitude	  of	  478m)	  
La	  Vieille	  Thielle	  1	   Meadow	  in	  the	  natural	  reserve	  La	  Vieille	  Thielle	  
La	  Vieille	  Thielle	  2	   Meadow	  in	  the	  natural	  reserve	  La	  Vieille	  Thielle	  
La	  Vieille	  Thielle	  3	   Mound	  in	  La	  Vieille	  Thielle,	  which	  heavily	  vegetated	  
Moulin-‐de-‐Vert	  1	   Near	  the	  observatory	  of	  Isles	  pond	  in	  the	  reserve	  of	  Moulin-‐de-‐Vert	  
Moulin-‐de-‐Vert	  2	   In	  the	  meadow	  between	  East	  pond	  and	  Hainard	  pond	  
Moulin-‐de-‐Vert	  3	   In	  the	  meadow	  between	  East	  pond	  and	  Hainard	  pond	  
Moulin-‐de-‐Vert	  4	   Slope	  under	  observatory	  of	  Hainard	  pond	  	  
Moulin-‐de-‐Vert	  5	   Slope	  on	  the	  right	  of	  the	  observatory	  of	  Hainard	  pond	  
Près-‐Bordon	  1	   Mound	  of	  Près-‐Bordon	  upstream	  in	  the	  fine	  gravel	  
Près-‐Bordon	  2	   Mound	  of	  Près-‐Bordon	  upstream	  in	  the	  large	  gravel	  
Près-‐Bordon	  3	   Edge	  of	  the	  downstream	  Près-‐Bordon	  pond	  (clayey	  soil)	  

Rappes	  1	   Down	  the	  mound	  near	  Rappes	  pond	  (gravel)	  
Rappes	  2	   Middle	  of	  the	  mound	  near	  Rappes	  pond	  (gravel)	  
Rappes	  3	   Top	  of	  the	  mound	  near	  Rappes	  pond	  (gravel)	  

Table	   3:	   Description	   of	   sites	   where	   iBouttons	   were	   placed.	   Localizations	   of	   all	   studied	   nesting	   sites	   are	   showed	   on	  
orthophotos	  on	  the	  Appendix	  1.	  
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3.4.3	  Weight	  data	  collection	  
	  
At	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle,	  a	  capture	  session	  took	  place	  at	  the	  beginning	  of	  
August	   2014,	   in	   order	   to	   replace	   the	   transmitters	   and	   to	   weigh	   the	   individuals.	   This	  
measurement	   allows	   evaluating	   the	   growth	   rate	   of	   each	   reintroduced	   individuals.	   In	   the	  
natural	   reserve	   of	   Jussy/Près-‐Bordon,	   Céline	   Rochet	   also	   weighed	   the	   individuals	   in	   2010	  
before	   the	   reintroduction	   and	   in	   2011	   after	   a	   capture	   session.	   In	   the	   natural	   reserve	   of	  
Moulin-‐de-‐Vert,	  Denis	  Mosimann	  and	  Matthieu	  Reamy	  also	  weight	  the	  individuals	  between	  
2001	   and	   2012.	   The	   comparison	   will	   allow	   estimating	   the	   growth	   rate	   in	   two	   different	  
reintroduction	  projects	  and	  compare	  the	  growth	  rate	  with	  an	  established	  population.	  Traps	  
used	  during	  the	  capture	  session	  measure	  4	  meters	  and	  have	  nets	  with	  floats,	  which	  measure	  
also	  4	  meters	  long	  and	  58	  centimeters	  high	  (Figure	  12).	  Nets	  can	  fold	  individuals	  in	  the	  trap.	  
In	  Neuchâtel,	  a	  total	  of	  8	  traps	  were	  placed	  in	  the	  part	  of	  the	  ponds	  where	  individuals	  were	  
located.	  
	  

	  
Fig.	  12:	  Traps	  used	  during	  the	  capture	  session.	  A	  net	  guides	  individuals	  into	  a	  funnel	  that	  leads	  individuals	  in	  the	  traps.	  
Once	  in	  the	  trap,	  individuals	  cannot	  go	  back	  and	  are	  forced	  to	  move	  further	  into	  the	  trap,	  in	  order	  to	  breathe	  in	  the	  part	  
of	  the	  trap,	  which	  remains	  out	  of	  the	  water.	  

	  

3.5	  Statistical	  analyze	  	  

3.5.1	  Displacements	  and	  home	  range	  
	  
Distances	   traveled	   (m)	   and	   home	   ranges	   size	   (m2)	   of	   each	   individual	   were	   calculated	   on	  
QGIS.	   The	   normal	   distribution	   of	   variable	   was	   checked	   with	   a	   Shapiro-‐Wilk.	   In	   order	   to	  
determine	   if	   the	   individuals	  moved	   after	   their	   first	   year	   of	   settlement,	   I	   compared	   home	  
range	  size	  between	  2013	  and	  2014	  with	  a	  Two	  Sample	  t-‐test.	  Analysis	  for	  home	  ranges	  was	  
calculated	   over	   the	   same	   period	   of	   time	   for	   two	   years	   (only	   June	   to	  October).	  Maximum	  
distances	  traveled	  of	  the	  reintroduced	  individuals	  of	  La	  Vieille	  Thielle	  in	  2013	  and	  2014	  were	  
compared	  to	  the	  distances	  traveled	  of	  the	  reintroduced	  individuals	  of	  Jussy/Près-‐Bordon	  in	  
2010	  and	  2011	  with	  a	  Wilcoxon	  rank	  test	  in	  order	  to	  compare	  behavior	  after	  reintroduction.	  
Maximum	   distances	   traveled	   of	   individuals	   from	   Jussy/Près-‐Bordon	   were	   taken	   from	   the	  
report	   of	   the	   monitoring	   of	   reintroduced	   individuals	   in	   Jussy/Près-‐Bordon	   in	   2010-‐2011	  
(Reamy,	  2013).	  
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3.5.2	  Growth	  rate	  
	  
The	  equality	  of	  variance	  was	  checked	  with	  a	  Fisher	  test	  and	  the	  normal	  distribution	  of	  the	  
variable	   with	   a	   Shapiro-‐Wilk	   test.	   In	   order	   to	   determine	   if	   individuals	   reintroduced	   in	   La	  
Vieille	  Thielle	  had	  a	  similar	  growth	  than	  reintroduced	  individuals	  of	  Jussy/Près-‐Bordon	  and	  if	  
individuals	   from	   La	   Vieille	   had	   a	   similar	   growth	   rate	   than	   individuals	   of	   an	   established	  
population	   (Moulin-‐de-‐Vert),	   growth	   rate	   of	   each	   individuals	   were	   compared	   between	  
individuals	   with	   a	   similar	   weight	   (100-‐220gr)	   with	   a	   generalized	   least	   squares	   test	   (GLS).	  
Growth	   from	   individuals	   from	   Moulin-‐de-‐Vert	   was	   measured	   between	   2001	   and	   2012,	  
individuals	   from	  Jussy/Près-‐Bordon	  between	  2010	  and	  2011	  and	  finally	   individuals	   from	  La	  
Vieille	  Thielle	  between	  2013	  and	  2014.	  
	  

3.5.3	  Body	  Temperature	  
	  
In	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle,	  to	  determine	  if	  the	  body	  temperature	  (Tb)	  of	  each	  
reintroduced	   individual	   had	   an	   influence	   on	   their	   displacements,	  means	   Tb	  were	   analyzed	  
with	   the	   home	   range	   size	   and	   distances	   traveled	   of	   individuals	   in	   2013	   and	   2014	   with	   a	  
coefficient	  of	  Person’s.	  In	  order	  to	  determine	  if	  the	  weigh	  of	  individuals	  had	  an	  influence	  on	  
their	  Tb,	  I	  also	  used	  a	  coefficient	  of	  Person’s.	  
	  
The	  equality	  of	  variance	  was	  checked	  with	  a	  Bartlett	  test	  and	  the	  normal	  distribution	  with	  a	  
Shapiro-‐Wilk	  test.	  To	  analyze	   if	   the	  means	  Tb	  of	   individuals	   from	  La	  Vieille	  Thielle	  between	  
2013	  and	  2014	  was	  similar,	  means	  Tb	  of	  each	  individuals	  of	  2013	  and	  2014	  were	  compared	  
with	  a	  Two	  Sample	  t-‐test.	  

To	  compare	  Tb	  of	  individuals	  in	  2014	  located	  in	  four	  different	  locations	  of	  Switzerland,	  I	  used	  
model	   validation	   through	   graphical	   tools	   (Zuur	   et	   al.	   2009).	   To	   allow	   defining	   both	  
exploratory	  and	  categorical	  data,	  I	  used	  a	  generalized	  additive	  model	  (GAM).	  The	  best	  model	  
was	   selected	   using	   a	   cross	   validation.	   Then	   the	   model	   was	   evaluated	   according	   to	   a	  
combination	  of	  R2	  and	  cross	  validation	  metrics.	  This	  will	  produce	  more	  robust	  models	  with	  
better	   predictive	   powers	   (Zuur	   et	   al.	   2009).	   Then	   means	   Tb	  of	   individuals	   from	   La	   Vieille	  
Thielle	  and	  Moulin-‐de-‐Vert	  were	  compared	  during	  the	  same	  period	  of	   time	  (Mars-‐October	  
2014)	  with	  a	  Two-‐Samples	  t-‐test.	  As	  previously,	  the	  equality	  of	  variance	  was	  checked	  with	  a	  
Bartlett	   test	  and	  the	  normal	  distribution	  with	  a	  Shapiro-‐Wilk	   test.	   In	  order	   to	  determine	   if	  
individuals	  from	  the	  four	  studied	  locations	  (La	  Vieille	  Thielle,	  Moulin-‐de-‐Vert,	  Menziken	  and	  
Orzens)	   had	   a	   similar	   Tb,	  means	   Tb	   of	   each	   individual	   were	   compared	   between	   the	   same	  
period	  of	   time	   (end	  of	   July	   to	   end	  of	  August	   2014)	  with	   a	   generalized	   least	   squares	   (GLS)	  
with	   weights	   because	   the	   four	   groups	   were	   not	   homogeneous.	   In	   order	   to	   compare	  
thermoregulation	   of	   individuals	   in	   each	   studied	   location,	   the	   Δt,	   which	   was	   difference	  
between	  body	  temperature	  of	  each	  individual	  and	  outside	  temperature,	  was	  calculated	  and	  
compare	  with	  an	  Analysis	  of	  variance	  (ANOVA).	  
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3.5.4	  Nesting	  sites	  
	  
The	  sum	  of	  daily	  temperatures,	  calculated	  according	  to	  the	  model	  of	  Norbert	  Schneeweiss,	  
showed	  sufficient	  and	  optimal	  temperature	  for	  hatchling	  (Schneeweiss,	  2004).	  	  
Successful	  embryonic	  development	  of	  the	  European	  pond	  turtle	  takes	  place	  between	  18	  and	  
33°C	   (Schneeweiss,	  2004).	  Embryonic	  development	  does	  not	  profit	  or	   is	  even	  disturbed	  by	  
temperatures	   exceeding	   33°C	   (Vasse,	   1983),	   a	   temperature	   that	   is	   rarely	   reached	   in	  
Switzerland	  nests.	  	  	  
Based	   on	   these	   observations,	   a	   mathematical	   model	   was	   designed	   to	   predict	   hatching	  
success.	   Probability	   of	   hatching	   success	   is	   measured	   by	   the	   temperature	   sum	   which	   is	  
defined	   as	   the	   sum	   of	   the	   differences	   between	   the	   recorded	   temperature	   (or	   the	   upper	  
limit)	  and	  the	  minimum	  limit	  18°C.	  Thus,	  the	  temperature	  sum	  uses	  all	  measurements	  of	  soil	  
temperature	  above	  18°C	  and	  below	  an	  upper	   limit	   that	   is	  set	  with	  33°C	   for	   the	   incubation	  
start	  (Schneeweiss,	  2004).	  	  
	  
The	  formula	  is	  as	  follows:	  	  

	  
WSumn:	   temperature	   sum	   for	  n	  measurements	  	  	  	  	  	  
during	  incubation	  period.	  	  	  
tn:	  frequency	  of	  measurement	  
Tn:	  n	  temperature	  measurements	  (in	  °C)	  
OSn:	   maximum	   temperature	   limit	   for	   n	  
measurements	  (in	  °C)	  
US:	  minimum	  temperature	  limit	  (18°C)	  

	  

The	  obtained	  temperature	  sums	  WSumn	  allow	  to	  assess	  the	  suitability	  of	  nesting	  sites,	  and	  
to	  predict	  hatching	  success	  for	  individual	  clutches	  according	  to	  climatic	  and	  local	  nesting	  site	  
conditions.	  The	  temperature	  sums	  of	  each	  sites	  located	  in	  Switzerland	  were	  calculated	  using	  
the	  following	  formula	  on	  Microsoft	  ®	  Excel	  2011.	  

To	   determine	   if	   temperature	   sums	   of	   nesting	   sites	   was	   similar	   in	   each	   location,	   I	   used	   a	  
Shapiro-‐Wilk	  test.	  The	  homogeneity	  of	  variance	  was	  checked	  with	  Bartlett	  test.	  To	  show	  that	  
sites	   located	   in	   the	   canton	   of	   Geneva	   (Moulin-‐de-‐Vert,	   Rappes	   and	   Près-‐Bordon)	   were	  
similar,	   I	   compare	   temperature	   sums	   for	   sites	   from	   Geneva	   with	   an	   analysis	   of	   variance	  
(ANOVA).	  To	  determine	  if	  sites	  from	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle	  were	  similar	  to	  
sites	  in	  the	  natural	  reserve	  of	  La	  Grande	  Cariçaie	  and	  Orzens,	  I	  compare	  temperature	  sums	  
of	   La	   Vieille	   Thielle	   with	   each	   site	   with	   a	   One	   Sample	   t-‐test.	   To	   explain	   the	   insufficient	  
temperature	  sums	  in	  the	  nesting	  sites	  locations	  in	  the	  natural	  reserve	  of	  La	  Vieille,	  I	   intend	  
to	   determine	   if	   the	   summer	   2014	   was	   colder	   than	   the	   ten	   previous	   summers	   with	   a	  
generalized	  least	  squares	  (GLS)	  and	  a	  Wilcoxon	  signed-‐rank	  test.	  
	  
All	   statistical	   analyzes	   were	   conducted	   on	   R	   2.10.0	   (R	   Development	   Core	   Team	   (2008),	  
Vienna,	  Austria).	  

	  
	  

Stokes recorder. In addition, data from nearby weather
stations were evaluated.

Hatching success was investigated by fencing the
nesting sites for capturing hatchlings in autumn or
spring. In the year after oviposition, nests were opened
and undeveloped or dead eggs were dissected to calcu-
late fertilization and hatching rates. Embryos were pre-
served and developmental stages determined accord-
ing to YNTEMA (1968). Based on this and on litera-
ture data (MAHMOUD et al., 1973; PIEAU & DORIZZI,
1981; VASSE, 1983), an empirically rooted mathemati-
cal model was developed to calculate temperature sums
for predicting incubation success. Such models proved
to be useful for insects (DENT, 1997).

Results

A certain minimum ambient temperature is the
necessary prerequisite for reptile embryonic devel-
opment. Thus, for estimating the impact of tem-
perature on incubation under natural conditions,
soil temperatures near the clutches have to be cor-
related with incubation results as mirrored by de-
velopmental stages and the hatching success.

According to literature data on Emys orbicu-
laris (PIEAU & DORIZZI, 1981; VASSE, 1983) and
other emydids (MOLL & LEGLER, 1971; MAH-
MOUD et al., 1973), successful embryonic devel-
opment takes place between 18 and 33◦C. Dur-
ing the late embryonic development, the influence
of temperature decreases (EWERT, 1985; DEEM-
ING & FERGUSON, 1991) in that the correlation
between higher temperatures and quicker embry-
onic growth is reduced compared to earlier stages.
However, embryonic growth still needs a minimum
temperature of more than 15–20◦C then. Embry-
onic development does not profit or is even dis-
turbed by temperatures exceeding 33◦C (MOLL &
LEGLER, 1971; VASSE, 1983), a temperature that
is rarely reached in Northeast German nests.

Based on these observations and unpublished
personal field data, a mathematical model was de-
signed to predict hatching success. Probability of
hatching success is measured by the temperature
sum which is defined as the sum of the differ-
ences between the recorded temperature (or the
upper limit) and the minimum limit 18◦C. Thus,
the temperature sum uses all measurements of soil
temperature above 18◦C and below an upper limit
that is set with 33◦C for the incubation start. The
formula acknowledges the gradually decreasing in-
fluence of temperature during embryonic develop-
ment in that the values for the upper limit de-
crease with time. The formula is as follows:

WSumn =WSum(n−1) + tn ∗ f(Tn, OSn, US)

f(Tn, OSn, US) =

{
OSn − US Tn > OSn

Tn − US US ≤ Tn ≤ OSn

0 Tn < US

OSn = 34◦C− eWSum(n−1)/200

WSum0 = 0

US = 18◦C

WSumn – temperature sum for n measurements
during incubation period. A direct physical unit
is not possible because of the non-linearity of the
function. Thus, a special unit is introduced here:
maturity degree (md); t̄n – frequency of measure-
ments (reference frequency: 20/d, ⇒ 20 measure-
ments/d = t̄n = 1); Tn – n temperature measure-
ments (in ◦C); OSn – maximum temperature limit
for n measurements (in ◦C); US – minimum tem-
perature limit (18◦C)

Some examples: If soil temperatures are
above 25◦C at the beginning of incubation (June,
July), higher temperatures play a minimal role for
the obtainedWSumn value towards the end of the
incubation period. But if incubation starts with
relatively low temperatures, high temperatures are
more important towards the end of the incubation
period.

The obtained temperature sums WSumn al-
low: (i) to assess the suitability of nesting sites,
and (ii) to predict hatching success for individual
clutches according to climatic and local nesting
site conditions. The latter topic is of high con-
servational relevance for the endangered German
pond turtle populations. The temperature sums
help to decide whether a certain clutch should be
better artificially incubated to avoid loss due to
suboptimal environmental conditions. Moreover,
as there exists a positive correlation between sun-
shine hours and temperature sums, it is possible to
calculate the reproductive success of E. orbicularis
based on sunshine hours. Using long-term data
of German meteorological stations, the suitability
of the climatic conditions in Brandenburg could
be assessed over a 40-year period (SCHNEEWEISS,
2002). Only summer sunshine hours (1 June – 31
August) have been considered here because the
crucial embryonic development takes place then.

Effect of sunshine hours and soil temperatures on
reproduction
Turtles hatched at different rates in 1994, 1995,
1997, and 1999. No hatching success was recorded
in 1996 and 1998 (n = 3 and n = 5 clutches;
SCHNEEWEISS, 2002) (Fig. 1).

Obviously, a minimal temperature sum of ap-
proximately 310–320 md is required for success-
ful hatching (Fig. 2). If temperature sums exceed
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Stokes recorder. In addition, data from nearby weather
stations were evaluated.

Hatching success was investigated by fencing the
nesting sites for capturing hatchlings in autumn or
spring. In the year after oviposition, nests were opened
and undeveloped or dead eggs were dissected to calcu-
late fertilization and hatching rates. Embryos were pre-
served and developmental stages determined accord-
ing to YNTEMA (1968). Based on this and on litera-
ture data (MAHMOUD et al., 1973; PIEAU & DORIZZI,
1981; VASSE, 1983), an empirically rooted mathemati-
cal model was developed to calculate temperature sums
for predicting incubation success. Such models proved
to be useful for insects (DENT, 1997).

Results

A certain minimum ambient temperature is the
necessary prerequisite for reptile embryonic devel-
opment. Thus, for estimating the impact of tem-
perature on incubation under natural conditions,
soil temperatures near the clutches have to be cor-
related with incubation results as mirrored by de-
velopmental stages and the hatching success.

According to literature data on Emys orbicu-
laris (PIEAU & DORIZZI, 1981; VASSE, 1983) and
other emydids (MOLL & LEGLER, 1971; MAH-
MOUD et al., 1973), successful embryonic devel-
opment takes place between 18 and 33◦C. Dur-
ing the late embryonic development, the influence
of temperature decreases (EWERT, 1985; DEEM-
ING & FERGUSON, 1991) in that the correlation
between higher temperatures and quicker embry-
onic growth is reduced compared to earlier stages.
However, embryonic growth still needs a minimum
temperature of more than 15–20◦C then. Embry-
onic development does not profit or is even dis-
turbed by temperatures exceeding 33◦C (MOLL &
LEGLER, 1971; VASSE, 1983), a temperature that
is rarely reached in Northeast German nests.

Based on these observations and unpublished
personal field data, a mathematical model was de-
signed to predict hatching success. Probability of
hatching success is measured by the temperature
sum which is defined as the sum of the differ-
ences between the recorded temperature (or the
upper limit) and the minimum limit 18◦C. Thus,
the temperature sum uses all measurements of soil
temperature above 18◦C and below an upper limit
that is set with 33◦C for the incubation start. The
formula acknowledges the gradually decreasing in-
fluence of temperature during embryonic develop-
ment in that the values for the upper limit de-
crease with time. The formula is as follows:

WSumn =WSum(n−1) + tn ∗ f(Tn, OSn, US)

f(Tn, OSn, US) =

{
OSn − US Tn > OSn

Tn − US US ≤ Tn ≤ OSn

0 Tn < US

OSn = 34◦C− eWSum(n−1)/200

WSum0 = 0

US = 18◦C

WSumn – temperature sum for n measurements
during incubation period. A direct physical unit
is not possible because of the non-linearity of the
function. Thus, a special unit is introduced here:
maturity degree (md); t̄n – frequency of measure-
ments (reference frequency: 20/d, ⇒ 20 measure-
ments/d = t̄n = 1); Tn – n temperature measure-
ments (in ◦C); OSn – maximum temperature limit
for n measurements (in ◦C); US – minimum tem-
perature limit (18◦C)

Some examples: If soil temperatures are
above 25◦C at the beginning of incubation (June,
July), higher temperatures play a minimal role for
the obtainedWSumn value towards the end of the
incubation period. But if incubation starts with
relatively low temperatures, high temperatures are
more important towards the end of the incubation
period.

The obtained temperature sums WSumn al-
low: (i) to assess the suitability of nesting sites,
and (ii) to predict hatching success for individual
clutches according to climatic and local nesting
site conditions. The latter topic is of high con-
servational relevance for the endangered German
pond turtle populations. The temperature sums
help to decide whether a certain clutch should be
better artificially incubated to avoid loss due to
suboptimal environmental conditions. Moreover,
as there exists a positive correlation between sun-
shine hours and temperature sums, it is possible to
calculate the reproductive success of E. orbicularis
based on sunshine hours. Using long-term data
of German meteorological stations, the suitability
of the climatic conditions in Brandenburg could
be assessed over a 40-year period (SCHNEEWEISS,
2002). Only summer sunshine hours (1 June – 31
August) have been considered here because the
crucial embryonic development takes place then.

Effect of sunshine hours and soil temperatures on
reproduction
Turtles hatched at different rates in 1994, 1995,
1997, and 1999. No hatching success was recorded
in 1996 and 1998 (n = 3 and n = 5 clutches;
SCHNEEWEISS, 2002) (Fig. 1).

Obviously, a minimal temperature sum of ap-
proximately 310–320 md is required for success-
ful hatching (Fig. 2). If temperature sums exceed
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4.	  Results	  
	  
The	  main	   information	  about	   the	  different	   characteristics	  of	   the	   released	   individuals	   in	   the	  
natural	   reserve	   of	   La	   Vieille	   Thielle,	   as	   well	   as	   the	   evaluated	   home	   range	   size	   (m2)	   and	  
distances	  traveled	  (m)	  between	  the	  locations	  are	  presented	  in	  the	  Table	  3	  and	  Table	  4.	  	  
	  
	   Year	  2013	  

June-‐October	  2013	  
Year	  2014	  

Mars-‐October	  2014	  
N°	  
	  

Individuals	  
	  

Weight	  
(gr)	  
2013	  

Weight	  
(gr)	  
2014	  

Distance	  
(m)	  

Home	  
range	  (m2)	  

Distance	  
(m)	  

Home	  
range	  (m2)	  

1	   148.021	   150	   205	   57.3	   113.5	   284.3	   1019.5	  
2	   148.452	   118	   169	   191.1	   394.5	   368.8	   1036	  
3	   148.472	   109	   -‐	   117.5	   106.5	   386.9	   1247.5	  
4	   148.490	   320	   -‐	   135.1	   275.5	   435.5	   1619.5	  
5	   148.492	   164	   276	   133.2	   301	   383	   1219	  
6	   148.511	   123	   -‐	   115.7	   144	   473	   1189	  
7	   148.512	   213	   -‐	   166.1	   222	   431.4	   1040.5	  
8	   148.553	   113	   -‐	   201.9	   742.5	   281	   532	  
9	   148.604	   162	   234	   89.9	   123	   360.9	   1174.5	  
10	   148.605	   404	   -‐	   178.1	   366	   461.7	   778.5	  
Table	   3:	   Summary	   of	   data	   collected	   on	   individuals	   of	   La	   Vieille	   Thielle	   between	   2013	   and	   2014.	   Some	  
individuals	  (3-‐4-‐6-‐7-‐8	  and	  10)	  were	  not	  captured	  during	  the	  capture	  session	  in	  August	  2014;	  therefore	  their	  
new	   weigh	   is	   unknown.	   The	   distance	   traveled	   (m)	   is	   the	   sum	   of	   all	   distances	   measured	   between	   two	  
localizations,	  which	  were	  taken	  once	  or	  twice	  per	  week.	  

	  
N°	   Individuals	   Means	  Tb	  2013	  

(°C)	  
Means	  Tb	  2014	  

(°C)	  
1	   148.021	   19.6	  ±	  1.05	   19.4	  ±	  0.56	  
2	   148.452	   16.8	  ±	  0.86	   18.2	  ±	  0.54	  
3	   148.472	   18.9	  ±	  1.12	   19.2	  ±	  0.51	  
4	   148.490	   19.3	  ±	  1.06	   21.9	  	  ±	  0.51	  
5	   148.492	   19.4	  ±	  1.10	   19.4	  ±	  0.54	  
6	   148.511	   15.9	  ±	  0.97	   15.3	  ±	  0.50	  
7	   148.512	   15.4	  ±	  0.91	   16.2	  	  ±	  0.59	  
8	   148.553	   18.8	  ±	  1.14	   19.6	  ±	  0.58	  
9	   148.604	   20.8	  ±	  1.41	   18.2	  ±	  0.66	  
10	   148.605	   19.4	  ±	  1.04	   18.8	  ±	  0.50	  

Table	  4:	  Summary	  of	  means	  Tb	  2013	  and	  2014	  of	  individuals	  reintroduced	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  	  
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4.1	  Displacements	  and	  home	  ranges	  size	  
	  
One	  of	  the	  aims	  of	  my	  project	  was	  to	  determine	  if	  individuals	  from	  La	  Vieille	  Thielle	  had	  the	  
same	   behavior	   (displacements,	   habitat	   use)	   than	   individuals	   from	   Jussy/Près-‐Bordon	   after	  
reintroduction.	  
In	   general	   during	   the	   first	   year	   after	   release,	   all	   individuals	   reintroduced	   in	   the	   natural	  
reserve	   of	   La	   Vieille	   Thielle	   have	   mainly	   stayed	   in	   the	   eastern	   part	   of	   pond,	   and	   moved	  
around	  the	  reintroduction	  area	  (Figure	  13),	  individual	  n°1	  had	  the	  smallest	  distance	  traveled,	  
with	  a	  distance	  of	  57.3	  meters	  and	  individual	  n°	  8	  had	  the	  biggest	  distance	  traveled,	  with	  a	  
distance	  of	  201.9	  meters.	  None	  of	  them	  left	  to	  explore	  other	  part	  of	  the	  pond.	  After	  cutting	  
the	  reed	  zone	  in	  the	  South	  part	  of	  the	  pond,	  all	   individuals,	  unless	  the	  individual	  n°8,	  have	  
moved	  together	  in	  this	  open	  sunny	  and	  shallow	  area.	  It	  was	  then	  possible	  to	  visually	  observe	  
several	  individuals	  (individuals	  n°	  9	  and	  10).	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

In	  2014,	  all	   individuals	  were	  mainly	   stayed	   in	   the	  same	  part	  of	   the	  pond	   (Figure	  14).	  They	  
stayed	   in	   the	  eastern	  part	  of	   the	  pond.	  However,	   the	  distances	   traveled	  and	  home	  ranges	  
size	   of	   all	   individuals	   increased	   significantly	   (Two	   Sampled	   t-‐test:	   p-‐value	   =	   0.0033).	  
Statistical	  analysis	  for	  home	  ranges	  size	  was	  performed	  over	  the	  same	  period	  of	  time	  for	  two	  
years	   (June	   to	  October).	   Individual	  n°8	  had	   the	  higher	  distances	   traveled	  and	  home	   range	  
size	   in	   2013	   (distance:	   201.9	  meters	   and	  home	   range:	   742.5	  m2)	   and	   the	   smaller	   distance	  
traveled	  and	  home	  range	  size	  in	  2014	  (distance:	  281	  meters	  and	  home	  range:	  532	  m2).	  
	  

Fig.	  13:	  Localization	  in	  2013	  of	  all	  Emys	  orbicularis	  individuals	  released	  in	  May	  2013	  in	  the	  pond	  of	  the	  natural	  reserve	  
of	  La	  Vieille	  Thielle.	  Individuals	  stayed	  in	  the	  eastern	  part	  of	  the	  pond.	  Red	  cross	  =	  Reintroduction	  site.	  
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Fig.	  14:	  Localization	  in	  2014	  of	  all	  Emys	  orbicularis	   individuals	  released	  in	  2013	  in	  the	  pond	  of	  the	  natural	  reserve	  of	  La	  
Vieille	   Thielle.	   Individuals	  mainly	   stayed	   in	   the	   eastern	   part	   of	   the	   pond.	   However,	   their	   traveled	   distances	   and	   vital	  
ranges	  increased	  compare	  to	  2013.	  

Distances	  traveled	  and	  home	  ranges	  2013-‐2014	  of	  all	   individuals	  from	  La	  Vieille	  Thielle	  are	  
shown	  in	  the	  Table	  3.	  Appendix	  3	  and	  4	  present	  home	  ranges	  placed	  on	  orthophotos	  of	  all	  
individuals	  from	  La	  Vieille	  Thielle	  in	  2013	  and	  2014.	  
	  
During	   the	   first	   year	   after	   reintroduction	   in	   the	   natural	   reserve	   of	   Jussy/Près-‐Bordon,	   all	  
reintroduced	   individuals	   mainly	   stayed	   in	   Près-‐Bordon	   downstream	   pond.	   However,	   they	  
have	  many	  displaced	  in	  the	  pond	  (Figure	  15).	  	  
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Fig.	   15:	  Main	   localizations	   in	   2010	   of	  
all	   Emys	   orbicularis	   individuals	  
released	   in	   2010	   in	   the	  pond	  of	  Près-‐
Bordon	   in	   the	   natural	   reserve	   of	  
Jussy/Près-‐Bordon	   in	   the	   canton	   of	  
Geneva	  (©swisstopo).	  
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One	  year	  after	  the	  reintroduction,	  for	  10	  individuals	  localized	  in	  September	  2011,	  only	  two	  
individuals	   remained	   in	   the	   pond	   where	   they	   were	   introduced,	   while	   2	   moved	   to	   Près-‐
Bordon	   upstream,	   4	  moved	   between	   Près-‐Bordon	   in	   the	   flood	   area	   and	   finally,	   2	   left	   the	  
release	  site	  to	  reach	  others	  sites	  located	  several	  hundred	  meter	  (300-‐1000m)	  (Rappes	  pond	  
and	  Près	  de	  Villette	  marsh,	  Figure	  16).	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
Main	  displacements	  of	  individuals	  reintroduced	  in	  the	  natural	  reserve	  of	  Jussy/Près-‐Bordon	  
are	  shown	  in	  the	  appendix	  2.	  	  
In	   order	   to	   compare	   distances	   traveled	   in	   both	   reintroduction	   locations,	   only	   maximum	  
distances	  traveled	  between	  two	  localizations	  were	  compared.	  Maximum	  distances	  traveled	  
of	   individuals	   from	   Jussy/Près-‐Bordon	   during	   the	   first	   year	   after	   reintroduction	   were	   not	  
significantly	  different	  than	  maximum	  traveled	  distances	  of	  individuals	  from	  La	  Vieille	  Thielle	  
(means	  max	   distances	   traveled:	   Jussy:	   33.55m	   and	   Vieille	   Thielle:	   25.02m;	  Wilcoxon	   rank	  
test,	   p-‐value=0.0947).	   The	   behavior	   of	   individuals	   from	   Jussy	   was	   more	   explorative	   than	  
individuals	   from	   La	   Vieille	   Thielle	   and	   maximum	   distances	   traveled	   by	   individuals	   from	  
Jussy/Près-‐Bordon	  were	  significantly	  higher	  (means	  max	  distances	  traveled:	  Jussy:	  130.73m	  
and	  Vieille	  Thielle:	  40.43m;	  Wilcoxon	  rank	  test,	  p-‐value=0.0947).	   Individuals	  from	  La	  Vieille	  
Thielle	  stayed	   in	  the	  same	  part	  of	   the	  pond	  and	  even	   if	   their	  distances	  traveled	  and	  home	  
ranges	  increased	  in	  2014,	  they	  did	  not	  explore	  the	  entire	  pond	  while	  individuals	  from	  Jussy	  
have	  explored	  the	  entire	  pond	  during	  the	  first	  year.	  
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Fig.	  16:	  Main	  localization	  in	  2010	  of	  all	  Emys	  orbicularis	  individuals	  released	  in	  2010	  in	  the	  pond	  of	  
Près-‐Bordon	  in	  the	  natural	  reserve	  of	  Jussy/Près-‐Bordon	  in	  the	  canton	  of	  Geneva.	  Individuals	  
moved	  in	  the	  marshes	  of	  Près-‐Bordon	  and	  to	  the	  Rappes	  pond	  (©swisstopo).	  
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4.2	  Growth	  rate	  	  
	  
During	  the	  capture	  session	  in	  La	  Vieille	  Thielle	  in	  August	  2014,	  4	  of	  the	  10	  individuals	  were	  
captured	  during	  the	  week.	  They	  were	  measured,	  weight	  (Table	  2)	  and	  equipped	  with	  a	  new	  
transmitter.	  The	  aim	  was	  to	  determine	  if	  the	  growth	  rate	  of	   individuals	  of	  La	  Vieille	  Thielle	  
was	  similar	  than	  reintroduced	  individual	  of	  Jussy/Près-‐Bordon.	  	  
	  
	  
	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

Graph	  1:	  Weight	   curve	  of	   individuals	  of	   La	  Vieille	  Thielle	   (148.021,	  148.452,	  148.492	  and	  148.604)	  
and	  Jussy/Près-‐Bordon	  (1003,	  1004,	  1007,	  1008,	  1010,	  1012,	  1013,	  1014).	  Year1	  means	  the	  date	  of	  
reintroduction	  and	  Year2	  is	  the	  date	  of	  capture.	  In	  Jussy/Près-‐Bordon,	  individuals	  were	  reintroduced	  
in	  2010	  and	  capture	  in	  2011	  and	  individuals	  were	  released	  in	  2013	  and	  captured	  in	  2014.	  

The	  means	  growth	  rate	  in	  La	  Vieille	  Thielle	  calculated	  between	  the	  release	  in	  June	  2013	  and	  
the	   recaptures	   (August	   2014)	   was	   48.15%.	   This	   growth	   rate	   was	   for	  more	   than	   one	   year	  
(from	  May	  2013	   to	  August	  2014).	  The	   individual	  148.021	  was	   released	  on	  1st	  August	  2013	  
because	  of	  its	  health	  problems.	  Its	  growth	  year	  for	  one	  year	  is	  exactly	  36.61%	  (Graph	  1).	  	  
The	  means	  growth	   rate	  of	   individuals	   released	   in	   Jussy/Près-‐Bordon	   (with	  a	   similar	  weight	  
compare	   to	   La	   Vieille	   Thielle)	   was	   40.53%	   from	   2010	   to	   2011	   and	   for	   individuals	   from	  
Moulin-‐de-‐Vert	   (with	   a	   similar	   weight	   compare	   to	   La	   Vieille	   Thielle)	   was	   37.65%.	   The	  
difference	   between	   growth	   rates	   was	   not	   significant	   between	   the	   two	   reintroductions	  
locations	  (GLS:	  p-‐value=0.4550)	  but	  the	  difference	  was	  significant	  between	  individuals	  from	  
La	  Vieille	  Thielle	  and	  Moulin-‐de-‐Vert	  (GLS:	  p-‐value=0.0018).	  	  
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4.3	  Body	  temperature	  	  
	  
The	  aim	  of	  this	  part	  of	  the	  project	  was	  to	  determine	  if	  individuals	  from	  different	  locations	  in	  
Switzerland	  had	  the	  same	  mean	  body	  temperature	  and	  how	  body	  temperature	  affects	  their	  
activity	  patterns.	  
	  
Concerning	   individuals	   from	   La	   Vieille	   Thielle,	   no	   impact	   of	   the	   body	   temperature	   on	   the	  
distance	   traveled	   in	  2013	   (coefficient	  of	  Pearson’s	   correlation;	   corr=-‐0.37,	  p-‐value=0.2813)	  
and	  in	  2014	  (coefficient	  of	  Pearson’s	  correlation;	  corr=-‐0.35,	  p-‐value=0.3164).	  No	  correlation	  
was	   found	   between	   individual’s	   weight	   and	   body	   temperature	   (coefficient	   of	   Pearson’s	  
correlation;	   corr=0.21,	   p-‐value=0.5527)	   and	   between	   the	   home	   range	   size	   and	   body	  
temperature	   (coefficient	   of	   Pearson’s	   correlation;	   corr=0.11,	   p.value=0.6606);	   The	  
hypothesis,	  which	  assumed	  that	   individuals	  with	  a	   smaller	  body	   temperature	  had	  a	  higher	  
traveled	  distance	  during	  the	  season,	  could	  be	  rejected.	  	  
	  
The	  difference	  of	  outside	  temperature	  between	  the	  summer	  2013	  and	  2014	  in	  Cressier	  (the	  
closest	   weather	   station	   to	   the	   natural	   reserve	   of	   La	   Vieille	   Thielle)	   was	   not	   significant	  
(Wilcoxon	  signed-‐rank	  test:	  p-‐value=0.7).	  A	  two	  Samples	  t-‐test	  demonstrated	  that	  the	  means	  
body	   temperature	   of	   individuals	   from	   La	   Vieille	   Thielle	   was	   not	   significantly	   different	  
between	  2013	  and	  2014	   (mean	  Tb:	  2013	  –	  18.43°C	  and	  2014	  –	  18.63°C,	  p.value	  =	  0.9611).	  
The	  hypothesis	  of	  equal	  temperature	  in	  2013/14	  cannot	  be	  rejected.	  	  
	  
The	   mean	   body	   temperature	   of	   individuals	   from	   different	   locations	   were	   plotted	   in	   4	  
different	   graph	   to	   demonstrate	   temperature	   range	   reached	   by	   individuals	   throughout	   a	  
day’s	  time	  (Graph	  2)	  and	  during	  the	  year	  (Graph	  3).	  Results	  for	  the	  cross	  validation	  validated	  
the	  best	  model	  (corr.	  value=0.7513,	  R2-‐adjusted=0.5646).	  

	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Graph	   2:	   Variation	   of	   body	   temperature	   in	   2014	   through	   a	   day’s	   time	   of	   individual	   from	   La	  
Vieille	  Thielle	  (NE),	  from	  Orzens	  (VD),	  from	  Menziken	  (AG)	  and	  Moulin-‐de-‐Vert	  (GE).	  Data	  were	  
collected	  between	  9h	  and	  17h	  (X	  scale:	  0.40=9h30,	  0.50=12h,	  0.60=14h30,	  0.70=17h)	  from	  Mars	  
to	  October	  2014	  for	  individuals	  from	  Moulin-‐de-‐Vert	  and	  La	  Vieille	  Thielle,	  from	  May	  to	  October	  
2014	  for	  individuals	  from	  Orzens	  and	  finally	  from	  the	  end	  of	  July	  to	  October	  2014	  for	  individuals	  
from	  Menziken.	  
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The	   difference	   of	   body	   temperature	   during	   the	   year	   2014	   of	   individuals	   from	   La	   Vieille	  
Thielle	  and	  Moulin-‐de-‐Vert	  was	   significant	   (two	  Samples	   t-‐test:	  p-‐value=0.0009815)	  with	  a	  
means	  body	  temperature	  of	  18.63°C	  for	  individuals	  from	  La	  Vieille	  Thielle	  and	  a	  means	  body	  
temperature	  of	  21.52°C	  for	  individuals	  from	  Moulin-‐de-‐Vert.	  	  
In	   order	   to	   compare	   body	   temperature	   in	   the	   4	   different	   locations,	   analyzes	   were	  made	  
during	  the	  same	  period	  of	  time,	  from	  the	  end	  of	  July	  until	  the	  end	  of	  August	  2014	  (Graph	  4).	  
Similarly	  to	  the	  results	  with	  the	  complete	  dataset,	  the	  difference	  of	  body	  temperature	  in	  this	  
limited	  period	  was	  significant	  between	  La	  Vieille	  Thielle	  and	  Moulin-‐de-‐Vert	   (means	  Tb:	  GE	  
25.6°C	  and	  NE	  21.9°C;	  p-‐value<0.0001).	  The	  difference	  between	  individuals	  from	  Menziken	  
and	  La	  Vieille	  was	  not	  significant	  (means	  Tb:	  AG	  21.9°C;	  p-‐value=0.898)	  and	  finally	  individuals	  
from	  La	  Vieille	  Thielle	  had	  a	  higher	  body	  temperature	  than	  individuals	  from	  Orzens	  but	  the	  
difference	  was	  not	  significant	  (means	  Tb:	  VD	  20.1°C;	  p-‐value=0.0931).	  	  
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Graph	   3:	   Variation	   of	   body	   temperature	   during	   all	   the	   season	   2014	   of	   individuals	   from	   La	  
Vieille	   Thielle	   (NE),	   from	   Orzens	   (VD),	   from	  Menziken	   (AG)	   and	  Moulin-‐de-‐Vert	   (GE).	   In	   La	  
Vieille	   Thielle	   and	   Moulin-‐de-‐Vert	   data	   were	   collected	   from	   Mars	   to	   October	   2014.	   In	  
Menziken	  data	  were	  collected	  from	  end	  of	  July	  to	  end	  of	  August	  2014	  and	  in	  Orzens	  form	  May	  
to	  October	  2014.	  (Scale:	  0=Mars,	  100=July,	  150=August	  and	  200=October).	  

Graph	  4:	  Boxplot	  of	  the	  means	  Tb	  of	  individuals	  from	  Moulin-‐de-‐
Vert	  (Geneva),	  La	  Vieille	  Thielle	  (Neuchatel),	  Menziken	  (Argovie)	  
and	  Orzens.	  Data	  were	  analyzed	   from	  the	   same	  period	  of	   time	  
from	  the	  end	  of	  July	  to	  the	  end	  of	  August	  2014.	  Individuals	  from	  
Moulin-‐de-‐Vert	   had	   a	   significantly	   higher	   Tb	   than	   individuals	  
from	  La	  Vieille	  Thielle.	  Means	  Tb	  from	  individuals	  from	  La	  Vieille	  
were	  not	  significantly	  different	  from	  the	  means	  Tb	  of	  individuals	  
from	   Menziken	   and	   Orzens	   even	   if	   Tb	   from	   individuals	  
reintroduced	  in	  La	  Vieille	  Thielle	  were	  higher.	  Te
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In	  order	  to	  analyze	  thermoregulation	  of	  individuals	  in	  different	  location	  of	  Switzerland,	  Δt	  of	  
each	   individual	  were	   compare	   (Graph	  5).	   The	   thermoregulation	   (Δt)	  of	   individuals	   from	  La	  
Vieille	  Thielle	  (means	  Δt=1.41°C	  ±	  1.86)	  was	  not	  significantly	  different	  from	  individuals	  from	  
Moulin-‐de-‐Vert	   (means	   Δt=1.80°C	   ±	   1.21;	   ANOVA:	   p-‐value=0.8350),	   from	   individuals	   from	  
Menziken	   (means	   Δt=1.25°C	   ±	   0.35;	   ANOVA:	   p-‐value=0.1051)	   and	   from	   Orzens	   (means	  
Δt=0.20°C	  ±	  0.14;	  ANOVA:	  p-‐value=-‐0.949).	  

	  
	  
	  

	  

4.4	  iBouttons	  in	  nesting	  sites	  
	  
The	  goal	  of	  using	   iBouttons	  was	   to	   show	  the	  difference	  of	   temperature	  between	  different	  
nesting	   sites	   or	   potential	   nesting	   sites	   located	   in	   different	   areas	   of	   Switzerland	   and	  
determine	  if	  eggs	  could	  potentially	  hatch	  in	  each	  site.	  	  
The	  temperature	  sums	  of	  nesting	  sites	  are	  illustrated	  in	  the	  graph	  6.	  On	  the	  graph,	  the	  red	  
line	  represented	  the	  limit	  temperature	  for	  hatchling,	  which	  means	  hatchling	  is	  possible	  and	  
the	   green	   line	   corresponds	   to	   an	   optimal	   temperature	   for	   hatchling.	   Temperature	   curves	  
were	  also	  plotted	  for	  each	  nesting	  sites	  (Appendix	  5).	  
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Graph	  6:	  Temperature	  sums	  of	  nesting	  sites	  located	  in	  different	  areas	  of	  Switzerland.	  Temperature	  sums	  were	  
calculated	  between	  the	  1st	  June	  until	  the	  31th	  August	  2014	  and	  the	  1st	  June	  until	  the	  30th	  September	  2014.	  Red	  
line=hatchling	  is	  possible	  and	  green	  line=hatchling	  is	  optimal.	  

	  

Graph	   5:	   Boxplot	   of	   the	   delta	   t	   (difference	  
between	   the	  Tb	   and	   the	  outside	   temperature)	  of	  
individuals	  from	  the	  four	  studied	  locations.	  Even	  if	  
delta	  t	   from	  individuals	   from	  Moulin-‐de-‐Vert	  was	  
higher,	   the	   difference	   was	   not	   significant.	   (La	  
Vieille	   Thielle=Neuchâtel,	   Menziken=Argovie,	  
Moulin-‐de-‐Vert=Geneva).	  
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The	   temperature	   sums	   of	   Orzens,	   Font,	   Près-‐Bordon	   3	   and	   on	   the	   meadow	   of	   La	   Vieille	  
Thielle	  (NE_1	  and	  NE_2)	  did	  not	  reach	  the	  red	  line,	  which	  means	  hatchling	  was	  not	  possible	  
in	  2014.	  The	  results	  showed	  that	   in	  Châbles	  and	  on	  the	  mound	  of	  La	  Vieille	  Thielle	   (NE_3)	  
hatchling	   could	   be	   possible	   at	   the	   end	   of	   September	   2014	   but	   not	   certain.	   All	   other	   sites	  
reached	  or	  exceeded	  the	  red	  line	  and	  some	  of	  them	  exceed	  the	  green	  line	  (all	  sites	  from	  the	  
canton	   of	   Geneva,	   expected	   Près-‐Bordon_3,	   which	   was	   placed	   in	   an	   unfavorable	   sites),	  
which	  means	  hatchling	  is	  certain.	  	  
Globally,	   sites	   of	   Moulin-‐de-‐Vert,	   Près-‐Bordon	   and	   Rappes,	   all	   located	   in	   the	   canton	   of	  
Geneva,	  were	  significantly	  similar	  (ANOVA,	  p-‐value=	  0.135,	  Graph	  7).	  	  
	  
	  
	  

	  

	  

	  
	  
	  
	  
	  
	  
	  
	  
However,	   the	   difference	   of	   temperature	   sums	   between	   sites	   located	   in	   the	   canton	   of	  
Geneva	  and	  other	  locations	  (La	  Vieille	  Thielle,	  Châbles,	  Font	  and	  Orzens)	  was	  significant	  (Two	  
Sample	   t-‐test,	   p-‐value	   =	   0.0003).	  Moreover,	   the	   difference	   of	   temperature	   sums	  was	   not	  
significant	   between	   La	   Vieille	   Thielle	   and	   Châbles	   (One	   Sample	   t-‐test,	   p-‐value=0.2354),	  
between	   La	   Vieille	   Thielle	   and	   Orzens	   (One	   Sample	   t-‐test,	   p-‐value=0.0835),	   and	   finally	  
between	  La	  Vieille	  Thielle	  and	  Font	  (One	  Sample	  t-‐test,	  p-‐value=0.1256).	  	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Graph	  7:	  boxplot	  of	   temperature	  sums	  of	  all	  potential	   nesting	  sites	  grouped	  by	  region.	  
Sites	   from	  the	  canton	  of	  Geneva	  were	  significantly	  similar	  but	  different	   from	  the	  other	  
sites.	  (MV=Moulin-‐de-‐Vert,	  NE=La	  Vieille	  Thielle,	  PB=Près-‐Bordon	  and	  RA=Rappes).	  
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5.	  Discussion	  
	  
Displacements	  and	  home	  range	  size	  
	  

The	  monitoring	  since	  2013	  showed	  that	  released	  individuals	  from	  Jussy/Près-‐Bordon	  and	  La	  
Vieille	   Thielle	   had	   similar	   maximum	   distance	   traveled	   during	   the	   first	   year	   after	  
reintroduction	   and	   during	   the	   second	   year,	   individuals	   from	   La	   Vieille	   Thielle	   had	   a	   less	  
explorative	  behavior	  than	  reintroduced	  individuals	  from	  Jussy/Près-‐Bordon.	  One	  hypothesis	  
to	  explain	  why	   individuals	   from	  Jussy/Près-‐Bordon	  had	  a	  more	  explorative	  behavior	   is	   that	  
sites	   of	   the	   natural	   reserve	   of	   Jussy/Près-‐Bordon	   were	   revitalized	   just	   before	   the	  
reintroduction	   of	   individuals	   in	   2010.	   Consequently,	   these	   ponds	   did	   not	   have	   a	   lot	   of	  
vegetation.	  During	  the	  first	  year,	  all	  individuals	  moved	  a	  lot	  in	  the	  pond,	  perhaps	  they	  had	  to	  
explore	  to	  find	  their	  food.	  The	  year	  after	  some	  of	  them	  left	  the	  reintroduction	  sites.	  On	  the	  
opposite	   individuals	   of	   La	   Vieille	   Thielle	   were	   reintroduced	   in	   a	   highly	   vegetated	  
environment.	  Therefore,	   they	  mainly	  stayed	   in	  the	  same	  part	  of	   the	  pond;	  we	  can	  assume	  
that	  they	  need	  to	  do	  less	  displacement	  in	  order	  to	  find	  their	  food.	  Even	  if	  individuals	  from	  La	  
Vieille	  Thielle	  were	  reintroduced	  in	  a	  better	  environment	  (highly	  vegetated)	  than	  individuals	  
from	   Jussy/Près-‐Bordon,	   individuals	   reintroduced	   in	   both	   locations	   had	   a	   shy	   behavior	  
during	  the	  first	  year.	  Then	  individuals	  from	  both	  reintroduction	  sites	  developed	  a	  colonizing	  
behavior,	  which	  was	   significantly	   higher	   in	   individuals	   from	   Jussy/Près-‐Bordon,	   during	   the	  
second	   year	   after	   reintroduction	   in	   order	   to	   find	   the	   optimal	   place	   to	   live.	   This	   dispersal	  
could	  help	  to	  avoid	  competition	  for	  food	  and	  basking	  sites.	  We	  can	  assume	  that	  individuals	  
reintroduced	   in	   a	   favorable	   environment	   will	   have	   a	   less	   explorative	   behavior	   than	  
individuals	  reintroduced	  in	  a	  less	  favorable	  site.	  	  
Outside	  of	  Switzerland,	  European	  pond	  turtles	  were	  reintroduced	   in	  the	  natural	  reserve	  of	  
Bagnas	  (France)	  in	  July	  2008.	  In	  total	  29	  European	  pond	  turtles	  have	  been	  reintroduced,	  with	  
10	   individuals	   from	   the	  marshes	   of	   Vigueirat	   (Camargue,	   France)	   and	   19	   individuals	   from	  
Aigues-‐Mortes	  (Camargue,	  France).	  They	  were	  monitored	  by	  telemetry	  during	  the	  two	  years	  
after	  their	  reintroduction.	  On	  the	  opposite	  to	  Swiss	  reintroduction	  programs,	  all	  individuals	  
were	  adults.	  Results	  demonstrated	  that	  individuals	  had	  a	  more	  explorative	  behavior	  during	  
the	  first	  year	  after	  reintroduction.	  Some	  individuals	  left	  the	  reintroduction	  site.	  Then	  during	  
the	   second	   year,	   home	   range	   sizes	   were	   smaller.	   The	   assumption	   was	   consequently	   that	  
European	  pond	  turtle	  had	  a	  more	  explorative	  behavior	  during	  the	  first	   in	  order	  to	  find	  the	  
best	  site	  to	  live	  (Demay,	  2008;	  Bugot,	  2009).	  The	  observations	  in	  Switzerland	  were	  inverse,	  
and	  my	  hypothesis	  to	  explain	  the	  completely	  opposite	  behavior	   is	   that	   individuals	  were	  all	  
adults;	  therefore	  they	  had	  more	  explorative	  behavior	  in	  order	  to	  find	  a	  partner	  to	  reproduce.	  
In	  Lake	  Bourget	  (France),	  35	  adults	  European	  pond	  turtle	  were	  reintroduced	  in	  three	  groups	  
between	  2000	  and	  2002	  in	  a	  complex	  of	  two	  ponds	  near	  the	  Lake,	  they	  were	  also	  monitored	  
by	   telemetry	   but	   only	   for	   one	   year	   after	   reintroduction.	   Results	   demonstrated	   that	  most	  
individuals	   stayed	   the	   whole	   year	   within	   the	   site	   of	   reintroduction	   and	   that	   several	  
individuals	   (mostly	   females)	   explored	   part	   of	   Lake	   Bourget	   (1-‐6	   km	   distance	   from	   the	  
releasing	  site)	  (Cadi,	  Miquet,	  2004).	  	  
While	  individuals	  from	  La	  Vieille	  Thielle	  and	  Jussy/Près-‐Bordon	  were	  almost	  all	  juveniles	  and	  
they	  had	  less	  explorative	  behavior	  because	  they	  did	  not	  need	  to	  find	  a	  partner	  to	  reproduce	  
or	  a	  favorable	  nesting	  site	  for	  the	  female	  but	  only	  explore	  to	  find	  their	  food	  and	  potentially	  
they	   had	   a	   shyer	   behavior	   than	   adults	   because	   of	   the	   risk	   of	   predation	   on	   the	   juvenile	  
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individuals.	  To	  conclude,	  we	  can	  assume	  that	  for	  settling	  indiviuals	  at	  the	  reintroduction	  site,	  
reintroduction	   of	   juveniles	   or	   subadults	   is	   optimal.	   In	   the	   other	   hand,	   reproduction	   will	  
occured	  later	  than	  with	  reintroduction	  of	  adults	  individuals.	  

	  
Growth	  rate	  and	  body	  temperature	  
	  
Brown	  et	  al.	  (1994)	  compared	  temperature	  selection	  and	  growth	  between	  two	  populations	  
of	   the	   common	   snapping	   turtle	   (Chelydra	   serpentina	   serpentina)	   occupying	   habitats	   with	  
different	  thermic	  patterns	  in	  Ontario,	  Canada.	  They	  predicted	  that	  individuals	  in	  a	  favorable	  
thermic	   site	   would	   grow	   faster,	   select	   warmer	   temperatures	   than	   individuals	   in	   a	   less	  
favorable	   thermic	  habitat.	  As	   they	  expected,	   turtles	   in	   the	   favorable	   thermic	  habitat	   grew	  
more	  rapidly	  and	  had	  a	  higher	  reproductive	  output	  than	  those	  in	  the	  less	  favorable	  habitat.	  
Turtles	  maintained	  higher	   body	   temperatures	   at	   the	  more	   favorable	   site,	   but	   this	  may	  be	  
related	  to	  higher	  ambient	  temperatures	  than	  active	  selection	  of	  higher	  temperatures	  (Brown	  
et	  al.	  1994).	  
In	   this	   context,	   I	  expected	   that	   the	  growth	   rate	   from	   individuals	  of	   Jussy/Près-‐Bordon	  and	  
from	   Moulin-‐de-‐Vert,	   which	   were	   considered	   as	   the	   most	   favorable	   places,	   would	   be	  
significantly	  higher	  than	  individuals	  from	  La	  Vieille	  Thielle.	  But,	  the	  difference	  in	  growth	  rate	  
was	   not	   significant	   between	   individuals	   from	   La	   Vieille	   Thielle	   and	   Jussy/Près-‐Bordon	   and	  
individuals	  from	  La	  Vieille	  Thielle	  had	  a	  significantly	  higher	  growth	  rate	  than	  individuals	  from	  
Moulin-‐de-‐Vert.	   In	   these	   three	   sites,	   the	   increase	   in	   weight	   was	   very	   important	   because	  
captured	   individuals	  were	   all	   subadults	   or	   juveniles.	  When	   individuals	   become	   adults,	   the	  
weight	  gain	  is	  expected	  to	  be	  minimal.	  The	  growth	  rate	  of	  individuals	  of	  individuals	  from	  La	  
Vieille	  was	   similar	   or	   higher	   than	   individuals	   from	   the	   canton	   of	  Geneva.	   Even	   individuals	  
from	  less	  favorable	  environment	  such	  as	  Orzens	  and	  Menziken	  had	  an	  optimal	  growth	  rate.	  
This	  result	  could	  be	  explained	  by	  the	  thermoregulation	  patterns	  of	  each	  individual.	  Reptiles	  
generate	  negligible	  amounts	  of	  body	  heat	  and	  have	  limited	  physiological	  control	  over	  body	  
temperature;	   they	   regulate	   their	   body	   temperature	   largely	   through	   habitat	   selection	   and	  
behavior	   (Dubois	   et	   al.	   2009).	   The	   benefit	   of	   thermoregulation	   is	   the	   improvement	   in	  
physiological	  performances	   such	  as	   locomotry	   (Weatherland,	  McCraken,	  2003)	  and	  energy	  
intake	  (Niu	  et	  al.	  1999).	  Two	  costs	  of	  thermoregulation	  are	  predation	  risk	  (Huey,	  1982)	  and	  
the	  reduction	  in	  time	  for	  other	  activities	  such	  as	  foraging	  (Huey,	  Slatkin,	  1976).	  	  
Concerning	  body	  temperature	  of	  studied	  individuals,	  individuals	  from	  Moulin-‐de-‐Vert,	  which	  
is	   considered	   as	   the	  most	   favorable	   site	   for	   the	   European	   pond	   turtle,	   had	   a	   significantly	  
higher	  body	  temperature	   than	   individuals	   from	  other	  studied	   locations	  of	  Switzerland	   (the	  
natural	  reserve	  of	  La	  Vieille	  Thielle	  and	  the	  private	  pond	  of	  Menziken	  and	  Orzens).	  However,	  
the	   Δt,	   which	   the	   difference	   between	   the	   body	   temperature	   of	   each	   individual	   and	   the	  
outside	  temperature,	  was	  not	  significantly	  different	  even	  if	  some	  locations	  were	  considered	  
as	  less	  favorable	  place	  such	  as	  Orzens.	  Knowledge	  pertaining	  to	  thermoregulation	  behavior	  
can	  help	  to	  better	  understand	  the	  activity	  patterns	  of	  the	  European	  pond	  turtles	  in	  different	  
location	  of	  Switzerland.	  To	  conclude	  even	  if	  individuals	  lived	  in	  less	  favorable	  environment,	  
they	  managed	  to	  reach	  an	  optimal	  temperature	  to	  have	  a	  normal	  growth	  rate.	  These	  results	  
demonstrated	  that	  individuals	  could	  live	  and	  growth	  normally	  in	  environment	  considered	  as	  
less	  favorable.	  
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A	   study	   conducted	  by	   Lefevre	   and	  Brooks	   (1995)	   on	   the	  painted	   turtles	   (Chrysemys	  picta)	  
concluded	   that	   the	   difference	   of	   daily	   time	   spent	   basking	   and	   therefore	   the	   difference	   in	  
body	  temperature	  was	  not	  significantly	  different	  between	  males	  and	  females.	  In	  this	  study,	  
basking	   of	  male	   and	   female	   pained	   turtles	  may	   be	   similar	   because	   the	   energetic	   costs	   of	  
males	  and	  females	  are	  not	  different,	  or	  because	  basking	   is	  not	  used	  primarily	   to	  maximize	  
rates	   of	   digestion	   and	   assimilation,	   but	   rather	   to	   attain	   an	   optimum	   temperature	   for	  
foraging	  and	  other	  activities	  (Lefevre	  et	  al.,	  1995)	  
	  
For	   individuals	   located	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle,	  no	  correlation	  was	  found	  
between	  body	  temperature	  and	  weigh	  and	  between	  body	  temperature	  and	  the	  size	  of	  the	  
home	  range.	  We	  can	  assume	  that	  body	  temperature	  of	  individual	  is	  correlated	  with	  the	  sex	  
(male	   or	   female).	   However,	   this	   hypothesis	   was	   not	   possible	   to	   test	   on	   the	   individuals	  
reintroduced	   in	   La	   Vieille	   Thielle	   because	   seven	   of	   the	   ten	   reintroduced	   individuals	   were	  
juveniles.	   I	   supposed	   that	   juveniles	   basked	   for	   a	   shorter	   period	   than	   adults,	   due	   to	   faster	  
heating	  or	  possibly	  due	   to	   a	  more	   fearful	   behavior	  which	  make	   them	   return	   to	   the	  water	  
faster	  when	  juveniles	  are	  disturbed	  because	  of	  higher	  risk	  of	  predation.	  
	  
	  
Nesting	  sites	  
	  
Schneeweiss	  (2004)	  showed	  that	  incubation	  success	  depends	  at	  the	  northwestern	  border	  of	  
the	   range	   of	   the	   European	   pond	   turtle	   on	   favorable	   climatic	   conditions,	   particularly	   on	  
sufficient	   sunshine	   periods.	   However,	   the	   temperature	   sums	   corresponding	   to	   certain	  
developmental	  embryonic	  stages	  or	  hatchling	  success	  could	  be	  influenced	  by	  others	  factors	  
(Schneeweiss,	   2004).	   Indeed,	   excessive	   humidity	   level	   (due	   to	   rain)	   at	   the	   end	   of	   the	  
incubation	   period	   could	   be	   a	   huge	   problem.	   Eggs	   imbibed	   with	   water	   and	   may	   explode	  
(Schaffner,	  Kutzli,	  2010).	  Others	   studies	  demonstrated	   the	   importance	  of	  humidity	   level	   in	  
embryonic	   development	   process.	   For	   example	   eggs	   of	   Trachemys	   scripta	   elegans	   or	  
Graptemys	   spp	   have	   a	   longer	   incubation	   period	  when	   the	   nest	   is	   located	   in	   a	   humid	   site	  
(Janzen	  et	  al.	  1995;	  Tucker,	  Warner,	  1999).	  On	  the	  other	  side,	  eggs	  of	  Chelodina	  rugosa	  have	  
a	  smaller	  incubation	  period	  and	  newborns	  have	  a	  smaller	  size	  when	  the	  nest	  is	  located	  in	  a	  
very	  humid	  environment	  (Kennett	  et	  al.	  1998).	  	  
Hans	   Peter	   Schaffner	   and	  Markus	   Kutzli	   (2010)	   studied	   different	   potential	   nesting	   of	   the	  
European	  pond	  turtle	  in	  Switzerland.	  Their	  results	  showed	  that	  a	  means	  temperature	  of	  25°C	  
is	  favorable	  for	  the	  nesting	  sites.	  Under	  15-‐18°C,	  the	  embryonic	  development	  stopped	  and	  
temperature	   higher	   than	   35°C	   are	   tolerated	   during	   a	   few	   days.	   Females	   are	   generally	  
adapted	   to	   the	  climate	  of	   their	  area.	   Indeed,	  Hans	  Peter	  Schaffner	  observed	   three	  captive	  
females,	  which	  came	  from	  different	  origin,	   lay	  eggs	  on	   the	  same	  day.	  While	   the	   female	  of	  
the	  haplotype	  IIa	  (corresponding	  to	  the	  European	  pond	  turtle	  released	  at	  the	  natural	  reserve	  
of	  La	  Vieille	  Thielle	  and	  Jussy/Près-‐Bordon)	  chose	  a	  nesting	  site	  with	  a	   few	  vegetation,	  the	  
two	  others	  females	  from	  southern	  Europe	  chose	  to	  lay	  eggs	  in	  the	  shade	  of	  tall	  grasses.	  
In	  Switzerland,	  the	  limiting	  factor	  to	  future	  reintroduction	  and	  for	  the	  survival	  of	  European	  
pond	   turtle	   is	   the	   temperature	   of	   nesting	   sites	   (Schaffner,	   Kutzli,	   2010).	   Indeed,	   all	  
individuals	   from	   the	   different	   studied	   locations	   (the	   natural	   reserve	   of	   La	   Vieille	   Thielle,	  
Moulin-‐de-‐Vert,	   Jussy/Près-‐Bordon	   and	   from	   private	   ponds	   in	   Menziken	   and	   Orzens)	  
managed	   to	   reach	   a	   correct	   body	   temperature	   for	   their	   development	   demonstrating	   by	   a	  
similar	  growth	  rate	  and	  a	  Δt	  even	  in	  site	  considered	  as	  less	  favorable.	  Effectively,	  the	  nesting	  



  	  

	  

38	  

of	   the	   Moulin-‐de-‐Vert	   and	   Jussy/Près-‐Bordon	   were	   found	   to	   be	   optimal	   nesting	   for	   the	  
European	   pond	   turtle	   but	   unfortunately	   in	   the	   other	   sites,	   the	   hatchling	   could	   only	   be	  
possible	  on	  the	  mound	  of	  La	  Vieille	  Thielle	  and	  Châbles	  but	  impossible	  in	  the	  others	  sites	  in	  
2014.	   In	   the	  pond	  of	  Orzens,	  natural	  hatchlings	  were	  only	  observed	  during	   the	  very	  warm	  
summer	   2003	   and	   similarly	   for	   the	   pond	   of	  Menziken.	   These	   two	   sites	   are	   located	   at	   an	  
altitude	  higher	  than	  500m.	  Even	  if	  the	  weather	  seemed	  bad	  this	  summer	  in	  Cressier	  (canton	  
of	   Neuchâtel),	   it	   was	   not	   significantly	   colder	   than	   the	   ten	   previous	   summers;	   therefore	  
hatchling	  in	  the	  mound	  of	  La	  Vieille	  Thielle	  could	  only	  be	  possible	  but	  not	  sure.	  The	  limited	  
amount	  heat	  accumulated	  in	  the	  nests	  could	  be	  due	  to	  too	  heavily	  developed	  vegetation	  on	  
the	  mound.	  Bushes,	  tall	  grasses	  trapped	  heat	  from	  the	  sun	  (Schaffner,	  Kutzli,	  2010).	   In	  the	  
natural	   reserve	   of	   La	   Vieille	   Thielle,	   the	  mound	  was	   covered	  with	   tall	   grasses	   and	   nettles	  
(Urtica	   dioica).	   In	   order	   to	   favor	   hatchlings	   in	   the	  natural	   reserve	  of	   La	  Vieille	   Thielle,	   the	  
mound	  must	  be	  maintained	  and	  the	  vegetation	  removed	  and	  replaced	  with	  sand	  and	  clay	  or	  
leans	   ground	   such	   as	   the	   mound	   found	   in	   the	   natural	   reserve	   of	   Jussy/Près-‐Bordon.	  
Concerning	  sites	  located	  in	  the	  natural	  reserve	  of	  La	  Grande	  Cariçaie,	  the	  mound	  of	  Châbles	  
and	  the	  meadow	  of	  Font	  are	  also	  too	  heavily	  vegetated.	  There,	  maintenance	  of	  mound	  and	  
meadow	  would	  be	  important	  in	  order	  to	  promote	  possible	  future	  the	  reintroduction	  of	  the	  
European	   pond	   turtle	   in	   the	   natural	   reserve	   of	   La	   Grande	   Cariçaie.	   Cadi	   et	   al.	   (2002)	  
demonstrated	  the	  efficiency	  of	  the	  maintenance	  of	  artificial	  nesting	  sites	  in	  Lake	  Bourget.	  
However,	  more	  studies	  need	  to	  be	  conduct	  on	  the	  nesting	  site	  located	  in	  the	  mound	  of	  the	  
natural	  reserve	  of	  La	  Vieille	  Thielle	  after	  maintenance	  and	  in	  other	  potential	  nesting	  sites	  of	  
Switzerland	   before	   reintroduction,	   maybe	   in	   including	   the	   measure	   of	   the	   humidity	   in	  
addition	  to	  the	  temperature	  or	  by	  using	  a	  portable	  weather	  station	  in	  order	  to	  measure	  solar	  
exposure.	   However,	   if	   nesting	   sites	   are	   located	   on	   well-‐drained	   sandy	   and	   south	   facing	  
slopes,	  the	  influence	  of	  humidity	  is	  perhaps	  not	  too	  important	  (Schneeweiss	  2002).	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  



  	  

	  

39	  

6.	  Concluding	  remarks	  
	  
These	  results	  could	  be	  use	  to	  improve	  the	  reintroduction	  and	  conservation	  of	  the	  European	  
pond	   turtle	   in	   Switzerland.	   	   I	   demonstrated	   that	  body	   temperature	  was	  different	   in	   every	  
studied	  location	  and	  significantly	  higher	  for	  individuals	  from	  the	  natural	  reserve	  of	  Moulin-‐
de-‐Vert.	  However,	  the	  Δt	  of	  individuals	  was	  similar	  in	  every	  studied	  location	  and	  the	  growth	  
rate	  of	   individuals	  from	  La	  Vieille	  Thielle	  and	  Jussy/Près-‐Bordon	  was	  similar	  and	  individuals	  
from	  La	  Vieille	  Thielle	  had	  a	  significantly	  higher	  growth	  rate	  than	  individuals	  from	  Moulin-‐de-‐
Vert,	  which	  was	  considered	  as	  the	  most	  favorable	  place	  for	  the	  European	  pond	  turtle.	  These	  
results	   demonstrated	   that	   even	   if	   individuals	   lived	   in	   less	   favorable	   environment	   such	   as	  
Orzens	   or	   Menziken,	   they	   managed	   to	   reach	   an	   optimal	   body	   temperature	   for	   their	  
development.	  Therefore,	  we	  can	  assume	  that	  the	  limiting	  factor	  for	  the	  reintroduction	  of	  the	  
European	   pond	   turtles	   is	   the	   temperature	   of	   the	   nesting	   site.	   In	   the	   Orzens,	   even	   if	  
individuals	  had	  a	  normal	  growth	  rate,	  hatchling	  was	  not	  possible.	  The	   results	   showed	  that	  
even	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle,	  which	  was	  considered	  as	  a	  favorable	  site	  for	  
the	   European	   pond	   turtle,	   the	   temperature	   of	   the	   nesting	   site	   did	   not	   reach	   the	   optimal	  
temperature	  for	  hatchling.	  Maintenance	  of	  the	  artificial	  nesting	  site	  is	  obligatory	  in	  order	  to	  
favor	   hatchling.	   Meaning	   that	   without	   human	   intervention	   for	   the	   maintenance	   of	   the	  
artificial	  nesting	  site,	  “natural”	  hatchling	  would	  be	  difficult	  in	  the	  natural	  reserve	  of	  La	  Vieille	  
Thielle.	  Before	  reintroduction	  of	  European	  pond	  turtles	  in	  other	  sites	  in	  Switzerland,	  mound	  
for	  potential	  nesting	  site	  need	  to	  be	  build	  and	  maintain	  without	  vegetation	  and	  composed	  
with	  sand,	  clay	  and	  gravel,	  which	  make	   the	  soil	  permeable	   to	  avoid	  an	  excessive	  humidity	  
level.	  Once	  the	  mound	  for	  future	  nesting	  is	  built,	  studies	  of	  the	  temperature	  in	  the	  nesting	  
sites	  (with	  iButtons)	  allow	  ensuring	  that	  the	  future	  reintroduction	  sites	  are	  really	  favorable.	  
To	   conclude,	   in	   order	   to	   find	   favorable	   sites	   for	   future	   reintroduction	   of	   European	   pond	  
turtle,	  potential	   reintroduction	  sites	  need	  to	  have	  a	  good	  aquatic	  habitat	   in	  order	   to	   favor	  
optimal	  development	  of	   reintroduced	   individuals	  and	  a	   favorable	   terrestrial	  habitat,	  which	  
included	  a	  mound	  for	  nesting	  sites	  located	  on	  well-‐drained	  sandy	  and	  south	  facing	  slopes.	  

	  
	  

	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



  	  

	  

40	  

7.	  References	  
	  
Advanced	  Telemetry	  Systems.	  (2000)	  –	  Temperature	  Calibration	  Data,	  470	  First	  Ave	  N.	  Box	  
398	  Isanti,	  MN	  55040	  

Beck	   B.	   B.,	   Rapaport	   L.	   G.,	   Stanley	   Price	   M.	   R.,	   Wilson	   A.	   C.	   (1994)	   –	   Reintroduction	   of	  
captive-‐born	  animals.	  Creative	  Conservation,	  pp	  265-‐286.	  

Bentley	  S.	  K.,	  O’Rian	  M.	  J.,	  Van	  Eeden	  R.	  and	  King	  A.	  J.	  (2011)	  –	  A	  low-‐cost	  manipulation	  of	  
food	   resources	   reduces	  overlap	  between	  Baboons	   (Papio	  ursinus)	   and	  Humans	   in	  Conflict.	  
Int	  J	  Primatol	  (2011)	  32	  :1397-‐1412.	  
	  
Berkelmans	  R.,	  De’ath	  G.,	  Kininmonth	  S.,	  Skirving	  W.	  J.	   (2004)	  –	  A	  comparison	  of	   the	  1998	  
and	  2002	  coral	  bleaching	  events	  on	  the	  Great	  Barrier	  Reef	  :	  spatial	  correlation,	  patterns,	  and	  
predictions.	  Coral	  Reefs.	  Volume	  23,	  Issue1,	  pp	  74-‐83.	  
	  
Bilan	   de	   la	   prospection	  Gypaètes	   barbus,	   Alpes	   françaises	  [archive],	   International	   Bearded	  
Vulture	  Monitoring,	  6	  octobre	  2012.	  
	  
Blouin-‐Demers,	   G.,	   Weatherhead,	   P.J.	   &	   McCracken,	   H.A.	   (2003)	   A	   test	   of	   the	   thermal	  
coadaptation	  hypothesis	  with	  black	  rat	  snakes	  (Elaphe	  obsoleta)	  and	  northern	  water	  snakes	  
(Nerodia	  sipedon).	  Journal	  of	  Thermal	  Biology,	  28,	  331–340.	  
	  
Bonin	  F,	  Devaux	  B.,	  Dupré	  A.	  (1996)	  -‐	  Toutes	  les	  tortues	  du	  Monde.	  Ed.	  Delachaux	  et	  Niestlé,	  
254p.,	  Paris.	  
	  
Brown	   G.	   P.,	   Bishop	   C.	   A.,	   Brooks	   R.	   J.	   (1994)	   –	   Growth	   rate,	   reproductive	   output	   and	  
temperature	   selection	  of	   snapping	   turtles	   in	   habitats	   of	   different	   productivites.	   Journal	   of	  
herpetology.	  Vol.	  28,	  No.	  4.	  Pp.	  405-‐410.	  
	  
Bugot	   E.	   (2009)	   –	   Réintroduction	   de	   la	   Cistude	   d’Europe,	   Emys	   orbicularis,	   sur	   la	   réserve	  
naturelle	  du	  Bagnas,	  deuxième	  année	  de	  suivi.	  Stage	  de	  Master	  1	  en	  «Ingénierie	  en	  Ecologie	  
et	  en	  Gestion	  de	  la	  Biodiversité.	  Université	  de	  Montpellier	  II.	  
	  
Cadi,	  A.	   (2003)	   -‐	  Ecologie	  de	   la	   cistude	  d'Europe	  de	   la	   cistude	  d'Europe	   (Emys	  orbicularis):	  
Aspects	  spatiaux	  et	  démographiques,	  application	  à	  la	  démographie.	  Lyon,	  Université	  Claude	  
Bernard	  Lyon	  1:	  350p.	  

Cadi,	   A.	   (2004)	   -‐	   Gestion	   et	   Restauration	   des	   populations	   de	   cistudes	   d’Europe	   et	   de	   leur	  
habitat.	  Guide	  Technique,	  Edition	  CREN,	  108p.	  
	  
Cadi,	   A.,	   Bertrand,	   A.	   (2003)	   -‐	   Conséquences	   des	   lâchés	   de	   Trachémyde	   à	   tempes	   rouges	  
(Trachemys	  scripta	  elegans)	  dans	  les	  milieux	  humides	  européen.”	  Manouria	  6(18):17-‐22.	  
	  
Cadi	  A.,	  Joly	  P.	  (2000)	  –	  The	  introduction	  of	  the	  slider	  turtle	  (Trachemys	  scripta	  elegans)	   in	  
Europe:	   competition	   for	   basking	   sites	   with	   the	   European	   pond	   turtles	   (Emys	   orbicularis).	  
Proc	  IInd	  Symposium	  in	  Emys	  orbicularis,	  June	  1999.	  Chelonii,	  2:95-‐100.	  
	  



  	  

	  

41	  

Cadi	  A.,	  (2011)	  –	  Expertise	  et	  restauration	  des	  populations	  de	  Cistudes	  d’Europe	  en	  Suisse	  –	  
Cas	  de	  la	  restauration	  d’une	  population	  sur	  le	  site	  de	  la	  Vieille	  Thielle	  (Canton	  de	  Neuchâtel).	  
	  
Cadi	  A.,	  Miquet	  A.	  (2004)	  –	  A	  reintroduction	  programme	  for	  the	  European	  pond	  turtle	  (Emys	  
orbicularis)	  in	  Lake	  Bourget	  (Savoie,	  France):	  first	  results	  after	  two	  years.	  Biologia,	  Bratislava,	  
59/Suppl.	  14:	  155-‐159.	  
	  
Cadi	  A.,	  Nemoz	  M.,	  Thienpon	  S.,	  Joly	  P.	  (2004)	  –	  Home	  range,	  movements	  and	  habitat	  use	  of	  
the	   European	   pond	   turtle	   (Emys	   orbicularis)	   in	   the	   Rhône-‐Alpes	   region,	   France.	   Biologia,	  
Bratislava,	  59/Suppl.	  14	  :	  89-‐94.	  
	  
Choisy	  J.-‐P.,	  Chatain	  G.,	  (1990)	  –	  Réintroduction	  d’espèces	  animals:	  Le	  role	  de	  la	  recherché	  
dans	   la	  réussite	  de	   l’opération.	  Revue	  de	  géographie	  alpine.	  Volume	  78.	  Numéro	  78-‐4,	  pp.	  
62-‐73.	  
	  
Dubois	  Y.,	  Blouin-‐Demers	  G.,	  Shipley	  B.,	  Thomas	  D.	   (2009)	  –	  Thermoregulation	  and	  habitat	  
selection	   in	   wood	   turtles	  Glyptemys	   insculpta:	   chasing	   the	   sun	   slowly.	   Journal	   of	   Animal	  
Ecology.	  Volume	  78,	  Issue	  5,	  pages	  1023-‐1032.	  
	  
Demay	  J.	   (2008)	  –	  Suivi	  par	  radiopistage	  de	   la	  reintroduction	  de	   la	  Cistude	  d’Europe	  (Emys	  
orbicularis):	   Premiers	   résultats	   à	   la	   reserve	   naturelle	   nationale	   du	   Bagnas	   (34).	   Master	   1	  
professionnel	   “Biologie	   Géosciences	   Agroressources	   et	   Evironnement.	   Université	   de	  
Montpellier	  II.	  
	  
Ducotterd,	  J-‐M.,	  Mosimann,	  D.,	  Monney,	  J-‐C.	  &	  Cadi,	  A.	  (2004)	  -‐	  European	  pond	  turtle	  (Emys	  
orbicularis)	  conservation	  program	  in	  Switzerland.	   IInd	   International	  Congress	  of	  Chelonians	  
Conservation,	  Saly,	  Sénégal,	  Juin	  2003,	  in	  press.	  

Duelli,	   P.,	   (1994)	   –	   Liste	   rouge	   des	   espèces	   animales	   menacées	   en	   Suisse.	   OFEFP,	   Bern	  :	  
97pp.	  

Ernst	  C.	  H.,	  Altenburg	  R.	  G.	  M.	  &	  Barbour	  R.	  W.	  (2006)	  –	  Turtles	  of	  the	  World	  

Ficetola	  G.	  F.,	  Padoa-‐Schioppa	  E.,	  Monti	  A.,	  Massa	  R.	  De	  Bernardi	  F.,	  Bottoni	  L.	  (2004)	  –	  The	  
importance	  of	  aquatic	  and	  terrestrial	  habitat	  for	  the	  European	  pond	  turtle	  (Emys	  orbicularis):	  
implications	  for	  conservation	  planning	  and	  management.	  Canadian	  Journal	  of	  Zoology.	  
	  
Fritz	  U.	  (2001)	  –	  Handbuch	  der	  reptilien	  und	  amphibian,	  Europas	  Schildkröten,	  pp.	  456-‐461	  
	  
Fritz	  U.	  (2003)	  –	  Die	  Europäische	  Sumpfschildkröte,	  Ed.	  Laurenti	  Verlag,	  224p.	  
	  
Grey-‐Ross	  R,	  Downs	  C.	  T.,	  Kirkman	  K.	  (2009)	  –	  Reintroduction	  failure	  of	  Captive_Bred	  Oribi	  
(Ourebia	  ourebia).	  South	  African	  Journal	  of	  Wildlife	  Research	  39(1):34-‐38.	  
	  
Grzimek,	   B.,	   ed.	   (1990)	   -‐	   Grzimek's	   Animal	   Life	   Encyclopedia.	  Mammals	   I	   -‐	   IV.	   ed.	   Series.	  
Grzimek,	  B.	  Vol.	  I-‐IV.	  New	  York:	  McGraw-‐Hill	  Publishing	  Company.	  
	  



  	  

	  

42	  

Highfield	  A.	  C.	   (2006)	   –	  Breeding	  Emys	  orbicularis	   in	   captivity	   (The	  European	  pond	   turtle).	  
Tortoise	  trust	  
	  
Hirzel	   A.	   H,	   Posse	   B.,	   Oggier	   P.-‐A.,	   Crettenand	   Y.,	   Glenz	   C.,	   Arlettaz	   R.	   (2004)	   –	   Ecological	  
requirements	  of	  reintroduced	  species	  and	  the	  implications	  for	  release	  policy:	  the	  case	  of	  the	  
bearded	  vulture.	  Journal	  of	  applied	  ecology,	  Volume	  41,	  Issue	  6,	  pages	  1103-‐1116.	  
	  
Hofer,	   U.,	   Monney,	   J-‐C.	   &	   Dušej,	   G.	   (2001).	   Les	   reptiles	   de	   Suisse.	   Répartition,	   habitats,	  
protection.	  Birhäuser	  Verlag	  AG:	  202p.	  
	  
Hotz,	  H.,	  Broggi,	  M.	  F.	  (1982)	  –	  Liste	  rouge	  des	  espèces	  d’amphibiens	  et	  de	  reptiles	  menaces	  
et	  rares	  en	  Suisse.	  Ligue	  Suisse	  pour	  la	  Protection	  de	  la	  Nature,	  Bâle:	  112p.	  
	  
Huey,	   R.B.	   (1982)	   Temperature,	   physiology,	   and	   the	   ecology	   of	   reptiles.	   Biology	   of	   the	  
Reptilia	  (ed.	  C.	  Gans),	  Vol.	  12,	  pp.	  25–92.	  Academic	  Press,	  New	  York.	  
	  
Huey,	   R.B.	   &	   Slatkin,	   M.	   (1976)	   Cost	   and	   benefits	   of	   lizard	   thermoregulation.	   Quarterly	  
Review	  of	  Biology,	  51,	  363–384.	  
	  
Janzen	  F.	  J.,	  Ast	  J.	  C.	  et	  al.	  (1995)	  –	  Influence	  of	  the	  hydric	  environment	  and	  clutch	  on	  eggs	  
and	  embryos	  of	  two	  sympatric	  map	  turtles.	  Functional	  Ecology	  9(6):	  913-‐922.	  
	  
KARCH	  (2007)	  –	  Recommandations	  du	  karch	  pour	  les	  demandes	  d’autorisation	  concernant	  la	  
reintroduction	  d’espèces	  disparues.	  
	  
KARCH	  (2011)	  –	  Lignes	  directices	  du	  karch	  pour	  la	  conservation	  de	  la	  Cistude	  d’Europe	  (Emys	  
orbicularis)	  en	  Suisse.	  
	  
Kennett	  R.,	  Christan	  K.	  et	  al.	  (1998)	  –	  Underwater	  nesting	  by	  the	  Australian	  freshwater	  turtle	  
Chelodina	   rugosa:	   effect	   of	   prolonged	   immersion	   and	   eggshell	   thickness	   on	   incubation	  
period,	  egg	  survivorship	  and	  hatchling	  size.	  Canadian	  Journal	  of	  Zoology	  76:	  1019-‐1023.	  
	  
Kinnear	   J.	   E.,	   Sumner	   N.	   R	   and	   Onus	  M.	   L.	   (2002)	   –	   The	   red	   fox	   in	   Australia	   –	   an	   exotic	  
predator	  turned	  biocontrol	  agent.	  Biological	  Conservation,	  Volume	  108,	  Issuse	  3,	  December	  
2002,	  Page	  335-‐359.	  

Krammer	  M.	   (2013)	   –	   Le	   Bouquetin	   des	   Alpes	   ((Capra	   ibex	   ibex)	   en	   Provence-‐Alpes-‐Côte	  
d’Azur	  :	  passé,	  présent	  et	  avenir.	  Faune-‐PACA	  Publication	  n°	  30	  :	  35	  p.	  	  

Lefevre	   K.,	   Brooks	   R.	   J.	   (1995)	   –	   Effects	   of	   sex	   and	   body	   size	   on	   basking	   behavior	   in	   a	  
northern	  population	  of	  the	  painted	  turtles,	  Chrysemys	  picta.	  Herpetologica,	  51(2),	  217-‐224.	  

Levine,	  D.	  (1993)	  –	  European	  Pond	  Turtle,	  Emys	  orbicularis.	  Tortuga	  Gazette,	  29(6):	  1	  –	  3.	  

Lindquist	  E.	  J.,	  D’Annunzio	  R.,	  Gerrand	  A.	  (2012)	  –	  Global	  forest	  land-‐use	  change	  1990-‐2005.	  
Food	  and	  agriculture	  organization	  of	  the	  United	  Nation,	  Rome.	  
	  



  	  

	  

43	  

Monney	   J.	   C.	   (2009)	   –	   Il	   y	   a	   150ans	  dans	   le	   bulletin,	   tortues	  de	   la	   faune	   Suisse	   actuelle	   –	  
Rétrospective.	  Société	  vaudoise	  des	  Sciences	  naturelles.	  CODEN:BSVAA6	  
	  
Monney	  J.	  C.,	  Meyer	  A.	  (2005)	  –	  Liste	  rouge	  des	  espèces	  menacées	  en	  Suisse,	  Reptiles.	  Office	  
federal	  de	   l’environnement,	  des	   forêts	  et	  du	  paysage	   (OFEFP),	  Centre	  de	  Coordination	  des	  
amphibiens	  et	  reptiles	  de	  Suisse	  (KARCH).	  Berne,	  46p.	  
	  
Niu,	  C.,	  Zhang,	  T.	  &	  Sun,	  R.	   (1999)	  Food	  consumption	  and	  growth	  of	   juvenile	  Chinese	  soft-‐
shelled	   turtles	   (Pelodiscus	   sinensis)	   in	   relation	   to	   body	   weight	   and	   water	   temperature.	  
Asiatic	  Herpetological	  Research,	  8,	  81–84.	  
	  
Nuoffer	  F.	   (2000)	  –	  Situation	  de	   la	  Cistude	  d’Europe	  Emys	  orbicularis	   (Emydidae,	  Chelonia)	  
dans	  le	  canton	  de	  Genève	  et	  données	  écoéthologiques	  sur	  la	  population	  du	  Moulin-‐de-‐Vert.	  
Neuchâtel,	  Zoology	  Institues,	  University	  of	  Neuchâtel.	  
	  
R	  Development	  Core	  Team	  (2008).	  R:	  A	  language	  and	  environment	  for	  statistical	  computing.	  
R	   Foundation	   for	   Statistical	   Computing,	   Vienna,	   Austria.	   ISBN	   3-‐900051-‐07-‐0,	   URL	  
http://www.R-‐project.org.	  
	  
Raemy	  M.	  (2010)	  -‐	  Hybridization	  and	  genetics	  of	  the	  Swiss	  Emys	  orbicularis	  sp.	  populations,	  
travail	  de	  Master,	  Université	  de	  Neuchâtel,	  2010.	  

Raemy	  M.,	   Ursenbacher	   S.	   (2012)	   –	   Bilan	   du	   suivi	   2010-‐2012	   de	   la	   population	   de	   Cistude	  
d’Europe	   (Emys	   orbicularis	   L.1758)	   réintroduite	   dans	   les	   étangs	   de	   Prés	   Bordon	   et	   des	  
Rappes,	  rapport	  non	  publiés.	  

Schaffner	   H.	   P.,	   Kutzli	   M.	   (2010)	   –	   Nistplätze	   der	   Europäischen	   Sumpfschildrkröte	   Emys	  
orbicularis	  in	  der	  Schweiz	  

Schneeweiss	  N.	   (2004)	  –	  Climatic	   impact	  on	  reproductive	  succes	  of	  Emys	  orbicularis	  at	   the	  
northwestern	   border	   of	   the	   species’	   range	   (Germany).	   Biologia,	   Bratislava,	   59/Suppl.	   14:	  
131-‐137.	  

Seddon	   P.	   J.,	   Armstrong	   D.	   P.,	   Maloney	   R.	   F.	   (2007)	   –	   Developing	   the	   science	   of	  
reintroduction	  biology.	  Conservation	  Biology,	  Volume	  21,	  Issue	  2	  pages	  303-‐312.	  

Stüwe	  M.,	  Nievergelt	  B.	  (1991)	  –	  Recovery	  of	  alpine	  ibex	  from	  near	  extinction	  :	  the	  result	  of	  
effective	   protection,	   captive	   breeding,	   and	   reintroductions.	   Applied	   animal	   behaviour	  
science.	  Volume	  29,	  Issues	  1-‐4,	  Pages	  379-‐387	  

Tucker	  J.	  K.,	  Warner	  D.	  A.	  (1999)	  –	  Microgeographic	  variation	  in	  response	  of	  red-‐eared	  slider	  
(Trachemys	   scripta	   elegans)	   embryos	   to	   similar	   incubation	   environments.	   Journal	   of	  
Herpetology	  33(4)	  :	  549-‐557.	  

UICN	   (1998)	   –	   Lignes	   directives	   de	   l’UICN	   relatives	   aux	   réintroductions.	   Préparées	   par	   le	  
Groupe	  de	  spécialistes	  de	  la	  réintroduction	  de	  la	  Commission	  de	  la	  sauvergarde	  des	  espèces	  
de	  l’UICN.	  UICN,	  Gland,	  Suisse	  et	  Cambridge,	  Royaume-‐Uni.	  20p.	  

UICN	  (2012)	  –	  Catégories	  et	  critères	  Liste	  rouge	  	  



  	  

	  

44	  

UICN	  (2013)	  -‐	  Liste	  rouge	  mondiale	  2013	  :	  les	  plus	  anciennes	  et	  les	  plus	  grandes	  espèces	  du	  
monde	  sont	  en	  déclin.	  Comité	  français	  de	  l'UICN	  -‐	  26	  rue	  Geoffroy	  Saint	  Hilaire	  -‐	  75005	  Paris.	  

Vasse	  J.	  (1983)	  –	  Transplantation	  of	  turtle	  embryonic	  thymus	  into	  quail	  embryo:	  colonization	  
by	  quail	  cells.	  J.	  Embr.	  Exp.	  Morph:	  77:	  309-‐322.	  

Wemmer	  C.,	  Derrickson	  S.	  (1987)	  –	  Reintroduction:	  The	  zoobiologists’	  dream.	  Prospects	  and	  
problems	   of	   reintroducing	   captive	   bred	   wildlife.	   Proc.	   Amer.	   Assoc.	   Zool.	   Parks	   Aquar.	  
1987:48-‐65.	  

Zuur	  A.	  F.,	  Ieno	  E.	  N.,	  Walker	  N.	  J.,	  Saveliev	  A.	  A.,	  Smith	  G.	  M.	  (2009)	  –	  Mixed	  effects	  models	  
and	  extensions	  in	  Ecology	  with	  R.	  Springer	  Science+Business	  Media,	  LLC.	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  



  	  

	  

45	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

Appendix	  1	  
	  

Localizations	  of	  iBouttons	  placed	  in	  nesting	  sites	  and	  potential	  
nesting	  sites	  of	  Switzerland	  –	  Year	  2014	  
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Fig.	  17:	  Localizations	  of	  iButtons	  placed	  in	  2014	  in	  potential	  nesting	  sites	  of	  Emys	  orbicularis	  in	  the	  natural	  reserve	  of	  
La	  Vieille	  Thielle	   in	  the	  canton	  of	  Neuchâtel.	  Red	  circle=iButton	  placed	  in	  the	  mound,	  which	   is	  supposed	  to	  be	  the	  
future	  nesting	  sites	  of	  released	  individuals,	  orange	  circle=iButtons	  placed	  in	  the	  meadow	  near	  the	  pond.	  
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Fig.	  18:	  Localization	  of	  iBouttons	  placed	  in	  2014	  in	  potential	  nesting	  sites	  of	  Emys	  orbicularis	  in	  the	  natural	  reserve	  of	  
Jussy/Près-‐Bordon	   in	   the	   canton	   of	   Geneva.	   	   Red	   circles=iButtons	   placed	   in	   the	   mound	   of	   Près-‐Bordon	  
upstream	  pond,	  one	   in	  the	   fine	  gravel	  and	  the	  other	  in	  the	  large	  gravel,	  orange	  circle=iButton	  placed	  near	  
Près-‐Bordon	  downstream	  pond	  (clayey	  soil).	  
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Fig.	   19:	   Localization	   of	   iButtons	   placed	   in	   2014	   in	   potential	   nesting	   of	   Emys	   orbicularis	   in	   the	   natural	   reserve	   of	  
Jussy/Près-‐Bordon	  in	  the	  canton	  of	  Geneva.	  Red	  circles=iButtons	  were	  placed	  in	  the	  mound	  near	  the	  Rappes	  pond	  from	  
the	  bottom	  of	  the	  mound	  to	  the	  higher	  point	  of	  the	  mound.	  
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Fig.	  20:	  Localization	  of	   iButtons	  placed	   in	  2014	   in	  nesting	  sites	  of	  Emys	  orbicularis	   in	  the	  natural	  reserve	  of	  Moulin-‐de-‐
Vert	   in	   the	   canton	   of	   Geneva.	   Red	   circle=two	   iButtons	   placed	   under	   the	   observatory	   near	   the	   Hainard	   pond,	   orange	  
circle=iButtons	  placed	  near	  the	  observatory	  of	  “Etang	  des	  Isles”	  and	  purple	  circles=iButtons	  placed	  in	  the	  dry	  meadow.	  	  
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Fig.	  21:	  Localization	  of	   iButtons	  placed	  in	  2014	  in	  potential	  nesting	  site	  of	  Emys	  orbicularis	   in	  the	  meadow	  near	  Font	  in	  
the	  natural	  reserve	  of	  La	  Grande	  Cariçaie	  in	  the	  canton	  of	  Vaud	  (red	  circle)	  
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Fig.	   22:	   Localization	   of	   iButtons	   placed	   in	   2014	   in	   potential	   nesting	   site	   of	   Emys	   orbicularis	   near	   Châbles	   in	   the	  
embankment	  for	  the	  train	  in	  the	  natural	  reserve	  of	  La	  Grande	  Cariçaie	  in	  the	  canton	  of	  Fribourg.	  



  	  

	  

49	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  
	  

Appendix	  2	  
	  

Map	  showing	  the	  main	  displacement	  of	  individuals	  in	  the	  natural	  
reserve	  of	  Jussy/Près-‐Bordon	  (Rochet,	  2012).	  
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Appendix	  3	  
	  
	  

Maps	  of	  localization	  by	  telemetry	  and	  home	  ranges	  of	  all	  individuals	  	  
–	  Year	  2013	  
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Fig	  23:	  Localization	  by	  telemetry	  in	  2013	  of	  Emys	  individual	  148.021	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  	  

Fig	  24:	  Localization	  by	  telemetry	  in	  2013	  of	  Emys	  individual	  148.452	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  
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Fig.	  25:	  Localization	  by	  telemetry	  in	  2013	  of	  Emys	  individual	  148.472	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  

	  

	  
Fig.	  26:	  Localization	  by	  telemetry	  in	  2013	  of	  Emys	  individual	  148.490	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  



  	  

	  

54	  

	  

	  
Fig.	  28:	  Localization	  by	  telemetry	  in	  2013	  of	  Emys	  individual	  148.511	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  

Fig.	  27:	  Localization	  by	  telemetry	  in	  2013	  of	  Emys	  individual	  148.492	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  
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Fig.	  29:	  Localization	  by	  telemetry	  in	  2013	  of	  Emys	  individual	  148.512	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  

	  

	  
Fig.	  30:	  Localization	  by	  telemetry	  in	  2013	  of	  Emys	  individual	  148.553	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  
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Fig.	  31:	  Localization	  by	  telemetry	  in	  2013	  of	  Emys	  individual	  148.604	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  

	  

	  
Fig.	  32:	  Localization	  by	  telemetry	  in	  2013	  of	  Emys	  individual	  148.605	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  
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Appendix	  4	  
	  

Maps	  of	  localization	  by	  telemetry	  and	  home	  ranges	  of	  all	  individuals	  	  
–	  Year	  2014	  
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Fig.	  33:	  Localization	  by	  telemetry	  in	  2014	  of	  Emys	  individual	  148.021	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  

	  
Fig.	  34:	  Localization	  by	  telemetry	  in	  2014	  of	  Emys	  individual	  148.452	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  	  
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Fig.	  35:	  Localization	  by	  telemetry	  in	  2014	  of	  Emys	  individual	  148.472	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  

	  
Fig.	  36:	  Localization	  by	  telemetry	  in	  2014	  of	  Emys	  individual	  148.490	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  
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Fig.	  37:	  Localization	  by	  telemetry	  in	  2014	  of	  Emys	  individual	  148.492	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  

	  
Fig.	  38:	  Localization	  by	  telemetry	  in	  2014	  of	  Emys	  individual	  148.511	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  
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Fig.	  39:	  Localization	  by	  telemetry	  in	  2014	  of	  Emys	  individual	  148.512	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  

	  
Fig.	  40:	  Localization	  by	  telemetry	  in	  2014	  of	  Emys	  individual	  148.553	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  
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Fig.	  41:	  Localization	  by	  telemetry	  in	  2014	  of	  Emys	  individual	  148.604	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  

	  
Fig.	  42:	  Localization	  by	  telemetry	  in	  2014	  of	  Emys	  individual	  148.605	  in	  the	  natural	  reserve	  of	  La	  Vieille	  Thielle.	  
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Appendix	  5	  
	  

Temperature	  curves	  of	  all	  iBouttons	  placed	  in	  nesting	  sites	  in	  2014	  
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Graph	  8:	  Temperatures	  and	  means	  temperatures	  per	  24h	  of	  iButton	  placed	   in	  2014	   in	  the	  meadow	  of	  the	  
natural	  reserve	  of	  La	  Vieille	  Thielle	  in	  the	  canton	  of	  Neuchâtel.	  

Graph	  9:	  Temperatures	  and	  means	  temperatures	  per	  24h	  of	  iButton	  placed	  in	  2014	  in	  the	  meadow	  of	  
the	  natural	  reserve	  of	  La	  Vieille	  Thielle	  in	  the	  canton	  of	  Neuchâtel.	  
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Graph	  10:	  Temperatures	  and	  means	  temperatures	  per	  24h	  of	   iButton	  placed	   in	  2014	   in	  the	  mound	  of	  
the	  natural	  reserve	  of	  La	  Vieille	  Thielle	  in	  the	  canton	  of	  Neuchâtel.	  

Graph	   11:	   Temperatures	   and	   means	   temperatures	   per	   24h	   of	   iButton	   placed	   in	   2014	   near	   the	  
observatory	  of	  “Etang	  des	  Isles”	  in	  the	  natural	  reserve	  of	  Moulin-‐de-‐Vert	  in	  the	  canton	  of	  Geneva.	  
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Graph	  12:	  Temperatures	  and	  means	  temperatures	  per	  24h	  of	  iButton	  placed	  in	  2014	  in	  the	  dry	  meadow	  near	  
Hainard	  pond	  in	  the	  natural	  reserve	  of	  Moulin-‐de-‐Vert	  in	  the	  canton	  of	  Geneva.	  

Graph	  13:	   Temperatures	   and	  means	   temperatures	  per	   24h	  of	   iButton	   placed	   in	   2014	   in	   the	  dry	  meadow	  
near	  Hainard	  pond	  in	  the	  natural	  reserve	  of	  Moulin-‐de-‐Vert	  in	  the	  canton	  of	  Geneva.	  
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Graph	  14:	  Temperatures	  and	  means	  temperatures	  per	  24h	  of	  iButtons	  placed	  in	  2014	  under	  the	  observatory	  
of	  Hainard	  pond	  in	  the	  natural	  reserve	  of	  Moulin-‐de-‐Vert	  in	  the	  canton	  of	  Geneva.	  

Graph	   15:	   Temperatures	   and	  means	   temperatures	   per	   24h	   of	   iButton	   placed	   in	   2014	   on	   the	   right	  of	   the	  
observatory	  of	  Hainard	  pond	  in	  the	  natural	  reserve	  of	  Moulin-‐de-‐Vert	  in	  the	  canton	  of	  Geneva.	  
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Graph	   16:	   Temperatures	   and	  means	   temperatures	   per	   24h	   of	   iButton	   placed	   in	   the	   fine	   gravel	   of	   the	  
mound	   of	   Près-‐Bordon	   upstream	   pond	   in	   the	   natural	   reserve	   of	   Jussy/Près-‐Bordon	   in	   the	   canton	   of	  
Geneva.	  	  

Graph	  17:	   Temperatures	   and	  means	   temperatures	  per	   24h	  of	   iButton	  placed	   in	   the	   large	   gravel	   of	   the	  
mound	   of	   Près-‐Bordon	   upstream	   pond	   in	   the	   natural	   reserve	   of	   Jussy/Près-‐Bordon	   in	   the	   canton	   of	  
Geneva.	  
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Graph	  18:	   Temperatures	   and	  means	   temperatures	  per	   24h	  of	   iButton	  placed	  at	   the	  edge	  of	   Près-‐Bordon	  
downstream	  pond	  (clayey	  soil)	  in	  the	  natural	  reserve	  of	  Jussy/Près-‐Bordon	  in	  the	  canton	  of	  Geneva.	  

Graph	  19:	  Temperatures	  and	  means	  temperatures	  per	  24h	  of	   iButton	  placed	  on	  the	  bottom	  of	  the	  mound	  
near	  Rappes	  pond	  in	  the	  natural	  reserve	  of	  Jussy/Près-‐Bordon	  in	  the	  canton	  of	  Geneva.	  
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Graph	  20:	  Temperatures	  and	  means	  temperatures	  per	  24h	  of	  iButton	  placed	  in	  the	  middle	  of	  the	  mound	  
near	  Rappes	  pond	  in	  the	  natural	  reserve	  of	  Jussy/Près-‐Bordon	  in	  the	  canton	  of	  Geneva.	  

Graph	  21:	   Temperatures	   and	  means	   temperatures	  per	   24h	  of	   iButton	  placed	  on	   the	   top	  of	   the	  mound	  
near	  Rappes	  pond	  in	  the	  natural	  reserve	  of	  Jussy/Près-‐Bordon	  in	  the	  canton	  of	  Geneva.	  
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Graph	  22:	  Temperatures	  and	  means	  temperatures	  per	  24h	  of	  iButton	  placed	  in	  the	  embankment	  of	  the	  
train	  near	  Châbles	  (canton	  of	  Fribourg)	  in	  the	  natural	  reserve	  of	  La	  Grande	  Cariçaie.	  	  

Graph	  23:	  Temperatures	  and	  means	  temperatures	  per	  24h	  of	  iButton	  placed	  in	  the	  meadow	  near	  Font	  
(canton	  of	  Vaud)	  in	  the	  natural	  reserve	  of	  La	  Grande	  Cariçaie.	  
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Graph	   24:	   Temperatures	   and	   means	   temperatures	   per	   24h	   of	   iButton	   placed	   in	   the	   private	   propriety	   of	  
Orzens	  in	  the	  canton	  of	  Vaud.	  


