
Atelier	
  de	
  communica/on	
  écrite	
  

Pierre	
  Legagneux,	
  28	
  Aout	
  2015	
  
h<p://qcbs.ca/wiki/atelier_comm	
  



h<ps://www.youtube.com/watch?v=0oAFVHb21HM	
  



Ce<e	
  forma/on	
  ne	
  vous	
  apprendra	
  
pas	
  à	
  	
  

•  Lire	
  
•  Faire	
  des	
  recherches	
  bibliographiques	
  
•  Écrire	
  correctement	
  en	
  anglais	
  
•  Comment	
  organiser	
  votre	
  temps	
  de	
  travail	
  
•  Comment	
  ne	
  pas	
  procras/ner	
  
•  Devenir	
  concis	
  



Outline	
  of	
  this	
  forma/on	
  
•  Me,	
  myself	
  and	
  I	
  
•  What	
  is	
  Science	
  and	
  why	
  publishing	
  is	
  important	
  
•  Recipes	
  to	
  build	
  your	
  first	
  outline:	
  what	
  is	
  
essen/al	
  ?	
  

•  Wri/ng	
  an	
  en/re	
  manuscript	
  
•  Select	
  the	
  most	
  relevant	
  journal	
  
•  How	
  to	
  submit	
  my	
  paper:	
  follow	
  the	
  guidelines	
  !	
  
•  How	
  to	
  make	
  my	
  paper	
  interes/ng	
  for	
  a	
  broader	
  
audience	
  ?	
  

•  Open	
  ques/ons	
  /	
  work	
  on	
  your	
  dra\s	
  



Me,	
  myself	
  and	
  I	
  

•  QCBS	
  research	
  professional	
  
•  Post-­‐doc	
  for	
  the	
  «	
  Chaire	
  de	
  recherche	
  du	
  
Canada	
  en	
  biodiversité	
  nordique	
  »	
  

•  Co-­‐authored	
  37	
  publica/ons	
  
•  Co-­‐supervised	
  7	
  undergrad;	
  6	
  MscC;	
  4	
  phD	
  
•  External	
  reviewer	
  for	
  20	
  journals	
  (>	
  30	
  
reviews)	
  

•  Top	
  referee	
  2013	
  in	
  Biology	
  Le<ers 	
  	
  	
  



Citizen science in Common birds 

Research	
  
interests	
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Carry-over effects in waterfowl 
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Citizen science in Common birds 

Terrestrial arctic ecosystem 

Carry-over effects in waterfowl 



Outline	
  of	
  this	
  forma/on	
  
•  Me,	
  myself	
  and	
  I	
  
•  What	
  is	
  Science	
  and	
  why	
  publishing	
  is	
  important	
  
•  Recipes	
  to	
  build	
  your	
  first	
  outline:	
  what	
  is	
  
essen/al	
  ?	
  

•  Wri/ng	
  an	
  en/re	
  manuscript	
  
•  Select	
  the	
  most	
  relevant	
  journal	
  
•  How	
  to	
  submit	
  my	
  paper:	
  follow	
  the	
  guidelines	
  !	
  
•  How	
  to	
  make	
  my	
  paper	
  interes/ng	
  for	
  a	
  broader	
  
audience	
  ?	
  

•  Open	
  ques/ons	
  /	
  work	
  on	
  your	
  dra\s	
  



What	
  is	
  the	
  process	
  of	
  Science?	
  	
  

h<p://undsci.berkeley.edu/ar/cle/0_0_0/howscienceworks_02	
  

The	
  process	
  of	
  Science	
  is	
  opposite	
  of	
  a	
  cookbook.	
  In	
  contrast	
  to	
  the	
  linear	
  
steps	
  of	
  the	
  simplified	
  scien/fic	
  method,	
  this	
  process	
  is	
  non-­‐linear	
  



The	
  process	
  of	
  Science	
  is	
  opposite	
  of	
  a	
  cookbook.	
  In	
  contrast	
  to	
  the	
  linear	
  
steps	
  of	
  the	
  simplified	
  scien/fic	
  method,	
  this	
  process	
  is	
  non-­‐linear	
  

What	
  is	
  the	
  process	
  of	
  Science?	
  	
  



The	
  importance	
  of	
  and	
  need	
  for	
  
publishing	
  

•  If	
  you	
  don’t	
  publish	
  it,	
  you	
  haven’t	
  done	
  it	
  
•  The	
  credit	
  goes	
  to	
  the	
  guy	
  who	
  publishes	
  it	
  
•  People	
  who	
  don’t	
  submit	
  their	
  work	
  for	
  peer	
  
review	
  do	
  crappy	
  work	
  

•  Wrimng	
  things	
  down	
  in	
  a	
  form	
  for	
  others	
  to	
  
read	
  makes	
  you	
  understand	
  them	
  be<er	
  

•  Wrimng	
  a	
  paper	
  is	
  the	
  only	
  way	
  you	
  will	
  know	
  
what	
  you	
  did	
  6	
  months	
  from	
  now	
  



The	
  importance	
  of	
  and	
  need	
  for	
  
publishing	
  

•  Disseminate	
  knowledge	
  and	
  new	
  discoveries	
  to	
  the	
  
scien/fic	
  community	
  

•  Publica/on	
  of	
  research	
  results	
  permits	
  scien/sts	
  to	
  
study	
  those	
  results	
  and	
  use	
  them	
  to	
  advance	
  science	
  
and	
  ul/mately	
  benefit	
  society	
  via	
  prac/cal	
  u/liza/on	
  of	
  
new	
  discoveries	
  

•  Scien/fic	
  papers	
  (peer-­‐review	
  journals)	
  guarantee	
  that	
  
informa/on	
  is	
  robust,	
  avaliable	
  and	
  not	
  lost	
  (compared	
  
to	
  the	
  gray	
  li<erature)	
  

•  Get	
  funds	
  for	
  future	
  research,	
  get	
  promo/ons	
  
•  The	
  quality	
  (measured	
  through	
  IF)	
  will	
  affect	
  the	
  life	
  of	
  
your	
  lab	
  and	
  your	
  research	
  unit.	
  	
  



Outline	
  of	
  this	
  forma/on	
  
•  Me,	
  myself	
  and	
  I	
  
•  What	
  is	
  Science	
  and	
  why	
  publishing	
  is	
  important	
  
•  Recipes	
  to	
  build	
  your	
  first	
  outline:	
  what	
  is	
  
essen/al	
  ?	
  

•  Wri/ng	
  an	
  en/re	
  manuscript	
  
•  Select	
  the	
  most	
  relevant	
  journal	
  
•  How	
  to	
  submit	
  my	
  paper:	
  follow	
  the	
  guidelines	
  !	
  
•  How	
  to	
  make	
  my	
  paper	
  interes/ng	
  for	
  a	
  broader	
  
audience	
  ?	
  

•  Open	
  ques/ons	
  /	
  work	
  on	
  your	
  dra\s	
  



Different	
  types	
  of	
  publica/ons	
  

Peer-­‐reviewed	
  scien-fic	
  journal	
  	
  
•  Reviews	
  
•  Methodological	
  papers	
  
•  Opinion,	
  comments	
  
•  Book	
  reviews	
  
•  Original	
  scien/fic	
  papers	
  

Also:	
  non-­‐peer	
  reviewed	
  journals,	
  scien/fic	
  reports,	
  
conference	
  proceedings,	
  blogs	
  etc.	
  	
  



h<ps://www.youtube.com/watch?v=hNENiG7LAnc	
  

Timelapse	
  wrimng	
  of	
  a	
  research	
  paper	
  



Research	
  paper	
  structure	
  

Experimental	
  process	
   Sec-on	
  of	
  the	
  paper	
   Ideal	
  

What	
  did	
  I	
  do	
  in	
  a	
  nutshell	
  ?	
   Abstract	
   6	
  

What	
  is	
  the	
  problem	
   Introduc/on	
   1	
  

What	
  is	
  your	
  expecta/ons?	
   Hypothesis	
  &	
  
predic/ons	
  or	
  Aims	
  

2	
  

How	
  did	
  I	
  solve	
  the	
  problem	
  ?	
  	
   Material	
  &	
  methods	
   3	
  

What	
  did	
  I	
  find	
  out	
  ?	
   Results	
   4	
  

What	
  does	
  it	
  mean	
  ?	
   Discussion	
   5	
  

Who	
  helped	
  me	
  out	
  ?	
   Acknowledgements	
   Last	
  

Whose	
  work	
  did	
  I	
  refer	
  to	
  ?	
   Literature	
  cited	
   Always	
  



Research	
  paper	
  structure	
  

Experimental	
  process	
   Sec-on	
  of	
  the	
  paper	
   Ideal	
   Actual	
  

What	
  did	
  I	
  do	
  in	
  a	
  nutshell	
  ?	
   Abstract	
   6	
   6	
  

What	
  is	
  the	
  problem	
   Introduc/on	
   1	
   4	
  

What	
  is	
  your	
  expecta/ons?	
   Hypothesis	
  &	
  
predic/ons	
  or	
  Aims	
  

2	
   1	
  

How	
  did	
  I	
  solve	
  the	
  problem	
  ?	
  	
   Material	
  &	
  methods	
   3	
   3	
  

What	
  did	
  I	
  find	
  out	
  ?	
   Results	
   4	
   2	
  

What	
  does	
  it	
  mean	
  ?	
   Discussion	
   5	
   5	
  

Who	
  helped	
  me	
  out	
  ?	
   Acknowledgements	
   Last	
   Last	
  or	
  when	
  /red	
  

Whose	
  work	
  did	
  I	
  refer	
  to	
  ?	
   Literature	
  cited	
   Always	
   Always	
  



English	
  is	
  Cuh-­‐Ray-­‐zee	
  
Pete	
  Seeger	
  

But	
  scien/fic	
  papers	
  are	
  ‘usually’	
  
boring	
  



How	
  to	
  write	
  consistently	
  boring	
  
scien/fic	
  literature	
  

	
  
1.  Avoid	
  Focus	
  	
  
2.  Avoid	
  originality	
  and	
  personality	
  	
  
3.  Make	
  the	
  ar/cle	
  really	
  really	
  long	
  	
  
4.  Do	
  not	
  indicate	
  any	
  poten/al	
  implica/ons	
  	
  
5.  Leave	
  out	
  illustra/ons	
  (...too	
  much	
  effort	
  to	
  draw	
  a	
  

sensible	
  drawing)	
  	
  
6.  Omit	
  necessary	
  steps	
  of	
  reasoning	
  	
  
7.  Use	
  abbrevia/ons	
  and	
  technical	
  terms	
  that	
  only	
  

specialists	
  in	
  the	
  field	
  can	
  understand	
  	
  
8.  Make	
  it	
  sound	
  too	
  serious	
  with	
  no	
  significant	
  discussion	
  	
  
9.  Focus	
  only	
  on	
  sta/s/cs	
  
10.  Support	
  every	
  statement	
  with	
  a	
  reference	
  	
  

Kaj	
  Sand-­‐Jensen,	
  Oikos	
  2007	
  



What	
  to	
  avoid	
  

•  Data	
  without	
  scien/fic	
  discussion,	
  applica/ons	
  
of	
  data,	
  or	
  reviews	
  of	
  the	
  literature	
  are	
  not	
  
sufficient.	
  	
  

	
  
•  Use	
  of	
  the	
  phrase	
  “Novel”	
  or	
  “First-­‐/me”	
  in	
  
the	
  /tle	
  or	
  abstract.	
  	
  

	
  
•  Use	
  of	
  the	
  word	
  «	
  important	
  ».	
  Give	
  the	
  effect	
  
size	
  and	
  	
  %	
  to	
  describe	
  your	
  work	
  instead.	
  



h<ps://www.youtube.com/watch?v=0oAFVHb21HM	
  

Personally,	
  I	
  skip	
  this	
  step…	
  

Get	
  started	
  

1.   Read	
  
Pick	
  up	
  the	
  style	
  and	
  tone	
  of	
  your	
  li<erature	
  
Keep	
  an	
  updated	
  reference	
  list,	
  always	
  

2.   What	
  story	
  are	
  you	
  telling	
  
Scien/fic	
  papers	
  use	
  a	
  very	
  formal,	
  s/lted	
  wri/ng	
  
style	
  that	
  is	
  very	
  different	
  than	
  fic/on	
  or	
  «	
  fun	
  »	
  
literature.	
  
Write	
  out	
  a	
  one	
  page	
  story	
  of	
  what	
  you	
  are	
  tying	
  to	
  
communicate.	
  



	
  
1.	
  What	
  is	
  the	
  topic	
  of	
  my	
  paper? 	
  	
  

	
  	
  
2.	
  Why	
  is	
  this	
  topic	
  important? 	
  	
  

	
  	
  
3.	
  How	
  could	
  I	
  formulate	
  my	
  hypothesis? 	
  	
  

	
  	
  
4.	
  What	
  are	
  my	
  results	
  (include	
  visuals)? 	
  	
  

	
  	
  
5.	
  What	
  is	
  my	
  major	
  finding? 	
  	
  

Recipies	
  to	
  build	
  Outline	
  #1	
  

Your	
  MsC	
  or	
  PhD	
  
proposal	
  will	
  help	
  you	
  

here	
  !	
  

Easy	
  one	
  !	
  

You	
  need	
  to	
  work	
  
hard	
  on	
  those	
  2	
  

points	
  	
  



Outline	
  proposed	
  by	
  Kalles-nova	
  2011	
  
Introduc-on 	
  	
  

	
  	
  
1.  Why	
  is	
  your	
  research	
  important? 	
  	
  
2.	
  What	
  is	
  known	
  about	
  the	
  topic?	
  	
  
3.	
  What	
  are	
  your	
  hypotheses? 	
  	
  
4.	
  What	
  are	
  your	
  objec/ves? 	
  	
  

	
  	
  
Materials	
  and	
  Methods	
  	
  

	
  	
  
1.  What	
  materials	
  did	
  you	
  use? 	
  	
  
2.	
  Who	
  were	
  the	
  subjects	
  of	
  your	
  study? 	
  	
  
3.	
  What	
  was	
  the	
  design	
  of	
  your	
  research? 	
  	
  
4.	
  What	
  procedure	
  did	
  you	
  follow? 	
  	
  

	
  	
  
Results 	
  	
  

	
  	
  
1.  What	
  are	
  your	
  most	
  significant	
  results? 	
  	
  
2.	
  What	
  are	
  your	
  suppor/ng	
  results? 	
  	
  

	
  	
  
Discussion	
  and	
  Conclusions 	
  	
  

	
  	
  
1.	
  What	
  are	
  the	
  studies	
  major	
  findings?	
  	
  
2.	
  What	
  is	
  the	
  significance/implica/on	
  of	
  the	
  results? 	
  	
  



Recipies	
  to	
  build	
  Outline	
  #1	
  
3.	
  How	
  could	
  I	
  formulate	
  my	
  hypothesis? 	
  	
  

	
  	
  
4.	
  What	
  are	
  my	
  results	
  (include	
  visuals)?	
  

Formulate	
  Hypothesis	
  /	
  aims	
  	
  
	
  	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Analysis/Valid/simplify/double	
  check	
  your	
  results	
  



Figures	
  	
  
•  Figures	
  make	
  or	
  break	
  a	
  paper	
  	
  
•  If	
  you	
  read	
  a	
  paper	
  quickly,	
  the	
  most	
  important	
  thing	
  is	
  the	
  
figures	
  (	
  plus	
  /tle	
  &	
  abstract	
  !)	
  

•  Figures	
  should	
  speak	
  by	
  themselves	
  –	
  they	
  do	
  not	
  need	
  to	
  be	
  
completely	
  explained	
  in	
  the	
  text.	
  

•  If	
  you	
  can’t	
  make	
  a	
  figure,	
  your	
  data	
  or	
  understanding	
  is	
  	
  not	
  
complete	
  enough	
  

•  You	
  should	
  be	
  able	
  to	
  follow	
  your	
  story	
  just	
  by	
  looking	
  at	
  the	
  
figures	
  

•  Don’t	
  make	
  a	
  figure	
  if	
  you	
  can	
  borrow	
  it	
  from	
  someone	
  (with	
  
permission)	
  for	
  example	
  a	
  nice	
  map	
  of	
  the	
  study	
  site	
  



Figures	
  
2005	
  Winner	
  



Figure	
  1.	
  Rela-onship	
  between	
  blood	
  lead	
  
concentra-ons	
  in	
  common	
  ravens	
  and	
  date	
  
in	
  2011	
  and	
  2012.	
  

Dot	
   size	
   is	
   propor/onal	
   to	
   the	
   log	
   of	
   the	
  
sample	
   size.	
   Error	
  bars	
   represents	
   SE.	
  Do<ed	
  
lines	
   represent	
   the	
   95%CI.	
   The	
   light	
   blue	
  
barplot	
   illustrates	
   the	
   cumula/ve	
   number	
   of	
  
rifle-­‐shot	
  moose	
   in	
   the	
  hun/ng	
  area	
   selected	
  
for	
   the	
   study.	
   Ravens	
  with	
   no	
   sign	
   of	
   clinical	
  
contamina/on	
   were	
   reported	
   to	
   have	
   lead	
  
concentra/on	
   <100	
   µg.L−1	
   (horizontal	
   red	
  
dashed	
  line)	
  according	
  to	
  [28].	
  

Legagneux	
  P,	
  Suffice	
  P,	
  Messier	
  JS,	
  Lelievre	
  F,	
  Tremblay	
  JA,	
  et	
  al.	
  (2014)	
  High	
  Risk	
  of	
  Lead	
  Contamina/on	
  for	
  Scavengers	
  in	
  an	
  Area	
  with	
  High	
  
Moose	
  Hun/ng	
  Success.	
  PLoS	
  ONE	
  9(11):	
  e111546.	
  doi:10.1371/journal.pone.0111546	
  
h<p://127.0.0.1:8081/plosone/ar/cle?id=info:doi/10.1371/journal.pone.0111546	
  



Figures	
  

The phosphoinositide 3-kinase (PI3K)/Akt pathway regulates cell
growth and the development of cardiac hypertrophy through acti-
vation of the mammalian target of rapamycin (mTOR). Western
blot analysis revealed that TAC induced phosphorylation of Akt,
mTOR, and the effector proteins S6 and 4E-BP1 in the WT mice
(Figure 4A and B). In contrast, the Akt pathway was only minimally
activated after TAC in the TGJ1 mice (Figure 4A and B). The PI3K/
Akt pathway is negatively regulated by the phosphatase and tensin
homolog (PTEN), which is inactivated by phosphorylation. Phos-
phatase and tensin homolog was phosphorylated after TAC in
WT but not in the TGJ1 mice, indicating that active PTEN likely

contributed to the down-regulation of the Akt pathway. The Akt
pathway also promotes cell survival. Despite down-regulation of
the Akt pathway, apoptotic cell death was identical to WT in
TGJ1 mouse hearts, suggesting that transgenic hearts did not dem-
onstrate higher susceptibility to stress (Figure 4C).

Reduced cardiac fibrosis in response to
pressure overload in the TGJ1 mice
The development of fibrosis is under control of soluble factors
such as TGF-b, CTGF, and Postn. We found that the expression

Figure 3 The cardiac hypertrophic response to pressure overload. Wild-type and TGJ1 mice were subjected to transaortic constriction and
analysed after 1 week. (A) The percentage of cardiac cells demonstrating Notch1 (left) or Notch2 (right) activation after transaortic constric-
tion. (B) Heart sections stained with antibodies against laminin (green). (C ) Cardiomyocyte size distribution. (D) Cardiomyocyte cross-sectional
area (mean+ SEM). (E) Post-mortem left ventricular weight in wild-type and TGJ1 mice. (F) Notch target gene expression using qRT–PCR
(upper panel) and cardiac hypertrophy marker expression (lower panel) in wild-type and TGJ1 hearts. Data are expressed as fold change rela-
tive to wild-type Sham. Data in (A), (D), (E), and (F) are presented as mean+ SEM (*P , 0.05 in transaortic constriction vs. Sham; †P , 0.05 in
TGJ1 vs. wild-type; six mice per group). In (C) and (D), values are obtained from at least 700 cells per group. Scale bar in (B) 50 mm.

M. Nemir et al.2178
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D

ow
nloaded from

 

Figure	
  3	
  The	
  cardiac	
  hypertrophic	
  response	
  to	
  
pressure	
   overload.	
   Wild-­‐type	
   and	
   TGJ1	
   mice	
  
were	
  subjected	
  to	
  transaor/c	
  constric/on	
  and	
  
analysed	
  a\er	
  1	
  week.	
   (A)	
  The	
  percentage	
  of	
  
cardiac	
   cells	
   demonstra/ng	
   Notch1	
   (le\)	
   or	
  
Notch2	
   (right)	
   ac/va/on	
   a\er	
   transaor/c	
  
constric-­‐	
  /on.	
   (B)	
  Heart	
   sec/ons	
  stained	
  with	
  
an/bodies	
   against	
   laminin	
   (green).	
   (C)	
  
Cardiomyocyte	
   s ize	
   distr ibu/on.	
   (D)	
  
Cardiomyocyte	
   cross-­‐sec/onal	
   area	
   (mean
+SEM).	
   (E)	
   Post-­‐mortem	
   le\	
   ventricular	
  
weight	
   in	
  wild-­‐type	
  and	
  TGJ1	
  mice.	
   (F)	
  Notch	
  
target	
  gene	
  expression	
  using	
  qRT–PCR	
  (upper	
  
panel)	
   and	
   cardiac	
   hypertrophy	
   marker	
  
expression	
   (lower	
   panel)	
   in	
   wild-­‐type	
   and	
  
TGJ1	
   hearts.	
   Data	
   are	
   expressed	
   as	
   fold	
  
change	
   rela-­‐	
   /ve	
   to	
   wild-­‐type	
   Sham.	
   Data	
   in	
  
(A),	
   (D),	
   (E),	
  and	
  (F)	
  are	
  presented	
  as	
  mean	
  +	
  
SEM	
   (*P	
   ,	
   0.05	
   in	
   transaor/c	
   constric/on	
   vs.	
  
Sham;	
  †P	
  ,	
  0.05	
  in	
  TGJ1	
  vs.	
  wild-­‐type;	
  six	
  mice	
  
per	
  group).	
  In	
  (C)	
  and	
  (D),	
  values	
  are	
  obtained	
  
from	
  at	
  least	
  700	
  cells	
  per	
  group.	
  Scale	
  bar	
  in	
  
(B)	
  50	
  mm.	
  	
  



Figures	
  
•  You	
  will	
  redo	
  your	
  figures	
  many	
  /mes,	
  so	
  ideally,	
  so	
  keep	
  
the	
  raw	
  data	
  used	
  to	
  make	
  the	
  figure	
  in	
  the	
  same	
  folder	
  as	
  
the	
  figure	
  

•  In	
  word,	
  a	
  table	
  with	
  invisible	
  or	
  white	
  lines	
  is	
  a	
  great	
  way	
  
to	
  put	
  a	
  figure	
  into	
  the	
  text	
  …	
  but	
  remember	
  that	
  you	
  will	
  
have	
  to	
  produce	
  your	
  figure	
  as	
  a	
  separate	
  file	
  when	
  your	
  
paper	
  will	
  be	
  accepted	
  for	
  publica/on.	
  

• Tip:	
  try	
  to	
  use	
  R	
  and	
  perform	
  your	
  figures	
  based	
  on	
  an	
  R	
  
script	
  that	
  generates	
  the	
  figure	
  directly	
  from	
  the	
  raw	
  data	
  

	
  

Nicolas	
  Casajus	
  &	
  Kevin	
  Cazelles	
  have	
  a	
  course	
  on	
  this	
  topic,	
  
please	
  visit	
  this	
  link	
  h<p://nicolascasajus.fr/doc/graphonr.pdf	
  



Figures	
  	
  

h<p://nicolascasajus.fr/doc/graphonr.pdf	
  



Figures	
  &	
  data	
  
analyses	
  

•  If	
  you	
  have	
  mul/ple	
  
variables,	
  start	
  with	
  
descrip/ve	
  figure	
  

•  Zuur	
  et	
  al.	
  2010,	
  a	
  key	
  
reference	
  

Lay
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Data	
  analyses	
  
•  At	
  this	
  stage	
  (early	
  dra\),	
  I	
  would	
  recommend	
  to	
  conduct	
  a	
  
thorough	
  analysis	
  of	
  your	
  data…	
  BUT	
  	
  

•  Try	
  to	
  avoid	
  spending	
  too	
  much	
  /me	
  to	
  find	
  the	
  most	
  accurate	
  
model	
  

•  Before	
  tes/ng	
  all	
  possible	
  4	
  ways	
  interac/ons	
  among	
  16	
  
variables,	
  always	
  remember	
  	
  
–  «	
  What	
  story	
  I	
  want	
  to	
  tell?	
  »	
  	
  
–  «	
  What	
  are	
  my	
  research	
  ques/ons	
  ?	
  »	
  	
  

Formulate	
  Hypothesis	
  /	
  aims	
  	
  
	
  	
  

	
  
	
  
	
  
	
  

Analysis/Valid/simplify/double	
  check	
  your	
  results	
  



Data	
  analyses	
  



Recipies	
  to	
  build	
  Outline	
  #1	
  
3.	
  How	
  could	
  I	
  formulate	
  my	
  hypothesis? 	
  	
  

	
  	
  
4.	
  What	
  are	
  my	
  results	
  (include	
  visuals)?	
  

Formulate	
  Hypothesis	
  /	
  aims	
  	
  
	
  	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Analysis/Valid/simplify/double	
  check	
  your	
  results	
  



You	
  feel	
  you	
  can’t	
  improve	
  your	
  outline	
  anymore	
  ?	
  
Send	
  your	
  Outline	
  #1	
  to	
  your	
  co-­‐authors	
  and	
  supervisors	
   	
  	
  

•  If	
  your	
  supervisor/co-­‐authors	
  are	
  not	
  familiar	
  with	
  the	
  methods	
  
(protocol	
  design;	
  laboratory	
  experiment;	
  sta/s/cal	
  or	
  programming	
  
procedure),	
  add	
  them	
  here	
  as	
  well.	
  

•  Put	
  notes	
  when	
  you	
  ques/on	
  yourself	
  or	
  indicate	
  which	
  decisions	
  were	
  
undertaken	
  during	
  the	
  analyses.	
  	
  

•  You	
  need	
  feed	
  back	
  from	
  one	
  co-­‐author	
  on	
  a	
  par/cular	
  sec/on,	
  be	
  as	
  
direct	
  as	
  possible	
  

•  More	
  descrip/ve	
  graphs	
  (tested	
  rela/onships)	
  will	
  help	
  to	
  select	
  which	
  
results	
  are	
  the	
  most	
  important.	
  



A	
  paper	
  I	
  am	
  working	
  on…	
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Outline	
  of	
  this	
  forma/on	
  
•  Me,	
  myself	
  and	
  I	
  
•  What	
  is	
  Science	
  and	
  why	
  publishing	
  is	
  important	
  
•  Recipes	
  to	
  build	
  your	
  first	
  outline:	
  what	
  is	
  
essen/al	
  ?	
  

•  Wri/ng	
  an	
  en/re	
  manuscript	
  
•  Select	
  the	
  most	
  relevant	
  journal	
  
•  How	
  to	
  submit	
  my	
  paper:	
  follow	
  the	
  guidelines	
  !	
  
•  How	
  to	
  make	
  my	
  paper	
  interes/ng	
  for	
  a	
  broader	
  
audience	
  ?	
  

•  Open	
  ques/ons	
  /	
  work	
  on	
  your	
  dra\s	
  



Wri/ng	
  your	
  first	
  dra\	
  
•  Tips	
  to	
  avoid	
  the	
  white	
  page	
  syndrome	
  	
  

–  Copy-­‐past	
  sentences	
  from	
  other	
  closely	
  related	
  papers	
  to	
  begin	
  (but	
  
men/on	
  it	
  to	
  avoid	
  plagiarism,	
  see	
  Habibzadeh	
  &	
  Winker	
  2009)	
  

–  Don’t	
  worry	
  about	
  having	
  perfect	
  spelling	
  and	
  grammar	
  or	
  gemng	
  all	
  
your	
  references	
  in	
  the	
  first	
  /me	
  (add	
  notes	
  ;	
  comments)	
  

–  For	
  non-­‐na/ve	
  English	
  writers,	
  don’t	
  hesitate	
  to	
  mix	
  languages.	
  	
  
–  Don’t	
  get	
  distracted	
  –	
  block	
  several	
  hours	
  without	
  facebook	
  !	
  

•  From	
  your	
  revised	
  outline,	
  start	
  to	
  write	
  the	
  Material	
  &	
  Methods	
  sec/on	
  
(easier)	
  

•  Don’t	
  put	
  much	
  effort	
  edi/ng	
  your	
  first	
  dra\,	
  you	
  will	
  receive	
  a	
  lot	
  of	
  
revisions	
  from	
  your	
  supervisor	
  and	
  co-­‐authors	
  

•  Don’t	
  get	
  upset	
  or	
  angry	
  personally	
  if	
  revisions	
  seem	
  harsh	
  
•  Rename	
  or	
  renumber	
  your	
  document	
  every	
  /me	
  you	
  make	
  a	
  change	
  (put	
  

the	
  date	
  in	
  the	
  name	
  of	
  the	
  document)	
  
•  Avoid	
  switching	
  from	
  passive	
  to	
  ac/ve	
  voice	
  in	
  the	
  same	
  paragraph	
  



Research	
  paper	
  structure	
  

Experimental	
  process	
   Sec-on	
  of	
  the	
  paper	
   Ideal	
   Actual	
  

What	
  did	
  I	
  do	
  in	
  a	
  nutshell	
  ?	
   Abstract	
   6	
   6	
  

What	
  is	
  the	
  problem	
   Introduc/on	
   1	
   4	
  

What	
  is	
  your	
  expecta/ons?	
   Hypothesis	
  &	
  
predic/ons	
  or	
  Aims	
  

2	
   1	
  

How	
  did	
  I	
  solve	
  the	
  problem	
  ?	
  	
   Material	
  &	
  methods	
   3	
   3	
  

What	
  did	
  I	
  find	
  out	
  ?	
   Results	
   4	
   2	
  

What	
  does	
  it	
  mean	
  ?	
   Discussion	
   5	
   5	
  

Who	
  helped	
  me	
  out	
  ?	
   Acknowledgements	
   Last	
   Last	
  or	
  when	
  /red	
  

Whose	
  work	
  did	
  I	
  refer	
  to	
  ?	
   Literature	
  cited	
   Always	
   Always	
  



Wri/ng	
  your	
  Mat	
  &	
  Meth	
  
•  Material	
  &	
  Methods	
  are	
  here	
  to	
  help	
  others	
  to	
  
evaluate	
  and	
  replicate	
  your	
  work:	
  give	
  as	
  many	
  details	
  
as	
  you	
  can	
  (see	
  below)	
  

•  If	
  your	
  method	
  has	
  previously	
  been	
  published	
  and	
  is	
  
well-­‐known,	
  then	
  you	
  should	
  provide	
  only	
  the	
  
literature	
  reference.	
  

•  Passive	
  voice	
  predominant	
  in	
  Materials	
  and	
  Methods	
  
sec/ons	
  (Mar/nez	
  et	
  al.	
  2005).	
  	
  



Wri/ng	
  your	
  Result	
  sec/on	
  
•  Your	
  figures	
  and	
  analyses	
  are	
  already	
  there	
  (outline)	
  
•  All	
  you	
  have	
  to	
  do	
  is	
  to	
  describe	
  your	
  results	
  
•  Organize	
  your	
  results	
  into	
  different	
  segments	
  or	
  

subsec/ons	
  where	
  each	
  one	
  presents	
  the	
  purpose	
  of	
  the	
  
experiment,	
  your	
  experimental	
  approach,	
  data	
  including	
  
text	
  and	
  visuals	
  (tables,	
  figures,	
  schema/cs,	
  algorithms,	
  
and	
  formulas),	
  and	
  data	
  commentary.	
  

•  Each	
  segment	
  should	
  refer	
  to	
  different	
  predic/ons	
  or	
  aims	
  
and	
  be	
  organized	
  in	
  the	
  same	
  order.	
  Similarly,	
  informa/on	
  
from	
  the	
  M	
  &	
  M	
  should	
  follow	
  the	
  same	
  order	
  

•  Be	
  clear,	
  concise,	
  and	
  objec0ve	
  in	
  describing	
  your	
  Results.	
  	
  

Tip:	
  Long	
  tables	
  or	
  addi0onal	
  results	
  could	
  be	
  put	
  as	
  
supplementary	
  materials.	
  



Wri/ng	
  your	
  introduc/on	
  



Wri/ng	
  your	
  discussion	
  
•  The	
  purpose	
  of	
  the	
  Discussion	
  sec/on	
  is	
  to	
  
place	
  your	
  findings	
  in	
  the	
  research	
  context.	
  	
  

•  The	
  structure	
  of	
  the	
  first	
  two	
  moves	
  is	
  almost	
  
a	
  mirror	
  reflec/on	
  of	
  the	
  one	
  in	
  the	
  
Introduc/on.	
  	
  



Wri/ng	
  your	
  /tle	
  
Compose	
  a	
  simple,	
  a<rac/ve	
  /tle	
  that	
  reflects	
  the	
  study	
  



Abstract	
  
•  Tip:	
  Start	
  by	
  picking	
  key	
  sentences	
  from	
  each	
  sec/on	
  of	
  your	
  MS	
  

•  Summaries	
  are	
  typically	
  less	
  than	
  350	
  words	
  and	
  should	
  be	
  
understandable	
  in	
  isola/on	
  and	
  by	
  the	
  non-­‐specialist.	
  

•  Summaries	
  should	
  start	
  with	
  a	
  bullet	
  point	
  1	
  describing	
  the	
  broad	
  
conceptual	
  ques/on	
  addressed	
  by	
  the	
  study,	
  and	
  only	
  delve	
  into	
  
the	
  study	
  system	
  and	
  specific	
  ques/on	
  in	
  bullet	
  point	
  2.	
  

•  Summaries	
  should	
  also	
  end	
  with	
  a	
  final	
  bullet	
  point	
  highligh/ng	
  the	
  
conceptual	
  advance(s)	
  that	
  comes	
  from	
  the	
  current	
  study;	
  i.e.	
  it	
  
should	
  highlight	
  the	
  broader	
  conceptual	
  implica/on	
  of	
  the	
  results	
  
and	
  conclusions	
  of	
  the	
  current	
  study.	
  

•  Advice	
  for	
  op/mizing	
  your	
  Summary	
  (and	
  Title)	
  so	
  that	
  your	
  paper	
  
is	
  more	
  likely	
  to	
  be	
  found	
  in	
  online	
  searches	
  is	
  provided	
  at	
  	
  	
  	
  	
  	
  	
  
hQp://authorservices.wiley.com/bauthor/seo.asp	
  



Outline	
  of	
  this	
  forma/on	
  
•  Me,	
  myself	
  and	
  I	
  
•  What	
  is	
  Science	
  and	
  why	
  publishing	
  is	
  important	
  
•  Recipes	
  to	
  build	
  your	
  first	
  outline:	
  what	
  is	
  
essen/al	
  ?	
  

•  Wri/ng	
  an	
  en/re	
  manuscript	
  
•  Select	
  the	
  most	
  relevant	
  journal	
  
•  How	
  to	
  submit	
  my	
  paper:	
  follow	
  the	
  guidelines	
  !	
  
•  How	
  to	
  make	
  my	
  paper	
  interes/ng	
  for	
  a	
  broader	
  
audience	
  ?	
  

•  Open	
  ques/ons	
  /	
  work	
  on	
  your	
  dra\s	
  



Select	
  your	
  journal	
  for	
  submission	
  

•  Each	
  journal	
  specializes	
  in	
  a	
  specific	
  area	
  of	
  research.	
  
Hence	
  its	
  readership	
  varies.	
  A	
  proper	
  choice	
  of	
  journal	
  
can	
  make	
  a	
  larger	
  impact	
  of	
  your	
  research.	
  

•  Get	
  to	
  know	
  the	
  focus	
  and	
  readership	
  of	
  the	
  journal	
  
that	
  you	
  are	
  considering.	
  –	
  general	
  vs.	
  specialized	
  area	
  
journal	
  

•  Select	
  2	
  or	
  3	
  journals	
  in	
  the	
  chosen	
  area	
  with	
  rela/vely	
  
high	
  impact	
  factors.	
  Discuss	
  with	
  your	
  advisor/co-­‐
authors	
  and	
  decide	
  on	
  the	
  journal	
  (cascading	
  
strategy	
  ?)	
  

•  Find	
  out	
  the	
  journal’s	
  submission	
  criteria	
  and	
  format	
  



Impact	
  factors	
  
IF	
  (2013)	
  =	
  	
  	
  

No.	
  of	
  2012&2013	
  cita/ons	
  in	
  2014	
  

No.	
  of	
  papers	
  published	
  in	
  2012&2013	
  



The	
  top	
  100	
  
papers	
  

•  h<p://
www.nature.com/
news/the-­‐top-­‐100-­‐
papers-­‐1.16224	
  





Outline	
  of	
  this	
  forma/on	
  
•  Me,	
  myself	
  and	
  I	
  
•  What	
  is	
  Science	
  and	
  why	
  publishing	
  is	
  important	
  
•  Recipes	
  to	
  build	
  your	
  first	
  outline:	
  what	
  is	
  
essen/al	
  ?	
  

•  Wri/ng	
  an	
  en/re	
  manuscript	
  
•  Select	
  the	
  most	
  relevant	
  journal	
  
•  How	
  to	
  submit	
  my	
  paper:	
  follow	
  the	
  guidelines	
  !	
  
•  How	
  to	
  make	
  my	
  paper	
  interes/ng	
  for	
  a	
  broader	
  
audience	
  ?	
  

•  Open	
  ques/ons	
  /	
  work	
  on	
  your	
  dra\s	
  



•  �Read	
  the	
  finalized	
  paper	
  carefully.	
  	
  
•  Check	
  for	
  accuracy	
  of	
  figures	
  and	
  cap/ons.	
  	
  
•  Are	
  the	
  figures	
  correctly	
  referred	
  to	
  in	
  the	
  text?	
  	
  
•  Get	
  feedback	
  from	
  advisor	
  and	
  colleagues.	
  

Make	
  sure	
  the	
  paper	
  is	
  read	
  by	
  at	
  least	
  one	
  or	
  two	
  
colleagues	
  who	
  is	
  not	
  familiar	
  with	
  the	
  specific	
  work.	
  

•  Review	
  of	
  your	
  paper	
  by	
  a	
  na-ve	
  english	
  speaker	
  
•  Have	
  all	
  coauthors	
  approve	
  the	
  finalized	
  version	
  of	
  the	
  

paper	
  and	
  agree	
  with	
  poten/al	
  reviewers	
  (the	
  journal	
  
will	
  ask	
  for	
  it)	
  

Submission	
  



•  Provide	
  a	
  cover	
  le<er	
  to	
  the	
  editor	
  along	
  with	
  
a	
  brief	
  paragraph	
  highligh/ng	
  the	
  importance	
  
of	
  this	
  work.	
  	
  

•  This	
  cover	
  	
  le<er	
  is	
  VERY	
  important,	
  the	
  editor	
  
will	
  send	
  your	
  MS	
  out	
  for	
  review	
  depending	
  
on	
  the	
  quality	
  of	
  the	
  cover	
  le<er.	
  	
  

•  Submit	
  the	
  paper	
  online	
  (it	
  can	
  take	
  1-­‐2	
  
hours)	
  

Cover	
  le<er,	
  an	
  important	
  step	
  



What	
  should	
  be	
  in	
  a	
  cover	
  le<er	
  ?	
  
•  An	
  introduc/on	
  sta/ng	
  the	
  /tle	
  of	
  the	
  manuscript	
  and	
  the	
  

journal	
  to	
  which	
  you	
  are	
  submimng.	
  
•  The	
  reason	
  why	
  your	
  study	
  is	
  important	
  and	
  relevant	
  to	
  the	
  

journal’s	
  readership	
  or	
  field.	
  
•  The	
  ques/on	
  your	
  research	
  answers.	
  
•  Your	
  major	
  experimental	
  results	
  and	
  overall	
  findings.	
  
•  The	
  most	
  important	
  conclusions	
  that	
  can	
  be	
  drawn	
  from	
  

your	
  research.	
  
•  A	
  statement	
  that	
  the	
  manuscript	
  has	
  not	
  been	
  published	
  

and	
  is	
  not	
  under	
  considera/on	
  for	
  publica/on	
  in	
  any	
  other	
  
journal	
  

•  A	
  statement	
  that	
  all	
  authors	
  approved	
  the	
  manuscript	
  and	
  
its	
  submission	
  to	
  the	
  journal.	
  

•  Any	
  other	
  details	
  that	
  will	
  encourage	
  the	
  editor	
  to	
  send	
  
your	
  manuscript	
  for	
  review.	
  



Dear	
  Prof	
  Michael	
  Hassell,	
  editor	
  of	
  XXX	
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Allometry of diving capacities: ectothermy vs. endothermy
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Introduction

Phylogenetic transitions in habitat use provide excep-
tionally powerful opportunities to understand the selec-
tive pressures operating on morphology, physiology and
behaviour. For example, in air-breathing vertebrates,
aquatic life exerts major influences on attributes such as
the ability to move efficiently through water, to hold the
breath to remain underwater for long time periods, and
to dive to considerable depths (Kooyman, 1989). Some of
the most clear-cut examples of adaptation to marine life
have been documented in marine endothermic verte-
brates: whales, dolphins, seals, penguins, etc. These
organisms exhibit deep morpho-functional adaptations
that considerably increase their diving performance,
notably their capacity to remain underwater without
breathing, when compared with their terrestrial relatives
(Boyd, 1997; Butler & Jones, 1997). However, despite the
effectiveness of these adaptations, air-breathing endo-
therms are highly constrained in dive duration and depth
(Butler & Jones, 1997).

Using a large data set, recent reviews (Schreer &
Kovacs, 1997; Halsey et al., 2006a, b) have identified a

strong and consistent correlation between dive duration
and body mass. In endotherms adapted to aquatic life,
body size is inversely correlated with relative metabolic
rate and positively associated with relative oxygen stores.
Large animals can therefore hold their breath and dive
for longer absolute time periods compared with small
species. As expected, they can also reach greater depths
and can access peculiar foraging sites. Although highly
oriented towards endothermic vertebrates (because these
organisms have been intensively studied), a previous
review (Schreer & Kovacs, 1997) incorporated some air-
breathing diving ectotherms (several sea turtles). The
main trend identified in endotherms remained identical:
body mass-corrected dive durations of turtles were
within the range of those observed in mammals and
birds. Consequently, the strong and tight relationship
between body size and dive duration was proposed as a
general rule for air-breathing marine vertebrates (Sch-
reer & Kovacs, 1997; Halsey et al., 2006a, b).

However, such a general rule is not expected to apply
equally in all air-breathing vertebrates. Constraints on
dive duration should apply with much less force to
ectotherms than to endotherms. Notably, the low met-
abolic rate of ectotherms, relative to endotherms, reduces
considerably their oxygen demands (Pough, 1980). Sim-
ilarly, the marked flexibility of ectothermic vertebrates
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Abstract

Body mass positively influences diving capacities in air-breathing vertebrates
and has been identified as a key determinant for the evolution of diving. Our
review on the relationship between body mass and dive duration (a major
parameter of dive performances) encompassed for the first time a wide
diversity of air-breathing vertebrates. We included a substantial number of
nonavian and nonmammalian diving species belonging to various indepen-
dent lineages (sea snakes, iguana, turtles and crocodiles). Our analyses suggest
that the widely accepted size dependency of dive duration applies with
significantly less force in ectotherms compared with endotherms; notably we
failed to detect any effect of body mass in ectotherms. We hypothesize that the
absence of tight physiological links between body mass and respiratory
demands documented in ectotherms blurred our ability to detect the expected
correlation. Further exploration of the evolution of diving physiology may
well necessitate adopting novel perspectives to encompass both ectothermic
and endothermic modes.

doi: 10.1111/j.1420-9101.2007.01438.x
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Abstract. Evolutionary transitions from terrestrial to marine life pose massive 
physiological challenges. Marine mammals and birds exhibit major adaptations 
of cardiovascular and respiratory physiology to increase the depths to which 
they can dive, and the time for which they can remain underwater.  Marine 
reptiles have attracted far less attention in this respect, but we would expect 
ectotherms to outperform endotherms in several dive performances because 
ectothermy reduces oxygen demand.  We surgically implanted dive-loggers in 
amphibious sea snakes (sea kraits, Laticauda laticaudata and L. saintgironsi) 
in the lagoon of New Caledonia, and recorded dive performance (e.g., depths, 
durations and post-dive intervals) for two free-ranging animals over periods of 
8 and 11 weeks.  During foraging excursions the snakes spent > 80% of their 
time underwater, diving > to 80 m and for periods of > 130 min.  Inter-dive 
intervals were brief, typically < 45 sec, suggesting that dives were aerobic.  
Dive patterns in these animals differ in major respects from those of 
previously-studied marine endotherms, turtles and pelagic sea snakes. 

1 INTRODUCTION 

Evolutionary transitions in habitat use provide exceptionally powerful opportunities to 
understand the selective pressures operating on morphology, physiology and behaviour, 
especially if the novel habitat poses physical challenges different from those experienced in 
the ancestral habitat type.  For example, aquatic life exerts major selection on attributes such 
as the ability to move efficiently through water, to remain underwater for long periods 
without needing to surface to breathe, and to dive to considerable depths (Kooyman, 1989). 
The morphological, physiological and behavioural attributes that facilitate such tasks are 
very different from those required in the day-to-day lives of most terrestrial organisms.  
Accordingly, lineages of terrestrial vertebrates that have evolved to exploit marine habitats 
provide many striking examples of adaptation to aquatic life (Boyd, 1997; Kooyman, 1989).   

Some of the most clearcut examples of adaptation to marine life involve modifications of 
endothermic vertebrates (whales, seals, penguins, etc.) related to diving performance (Butler 
and Jones, 1997; Boyd, 1997).  Notably, compared to their terrestrial homologues, diving 
endotherms are able to store large amounts of oxygen via abundant haemoglobin and 
myoglobin, and increased blood volume.  They also reduce oxygen needs while diving by 
reliance on anaerobic metabolism, peripheral vasoconstriction, bradycardia, and decreased 
body temperature (Butler and Jones, 1997; Boyd, 1997).  Likewise, cardiovascular 
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Figure 1: Relationship between log mean body mass and log mean dive
duration, distinguishing between birds (filled circles, thin solid line) and
mammals (open circles, dashed line ; lines for each class separately are
based on model Q in table A1). The thicker regression lines indicate the
best-fit model for all birds and mammals (thick solid line ; model in table
1) and the best-fit model for all nonprocellariiforms (dotted line; model
in table 2). Thus, in all cases the regression lines are derived from models
that incorporate phylogenetic information.

Figure 2: Relationship between log mean body mass and log mean dive
duration for families with 10 or more species in our data set (although
some taxa have sample sizes !10 in this plot). The taxa are auks (filled
circles, thin solid line), cormorants (open circles, dotted line), ducks (plus
signs, dot-dashed line), grebes (crosses, long-dashed line), penguins (in-
verted triangles, dot–long-dashed line), procellariiforms (upright triangles,
thin dashed line), seals (squares, thick solid line), sea lions (stars, thick
dashed line), and cetaceans (diamonds, thin dashed line). The regression
lines for each taxon are calculated from the best-fit model including
mass, taxon, and as predictors. The heavy solid linetaxon # mass
through all points is the best-fit relationship for birds and mammals
combined (as in fig. 1). Thus, in all cases the regression lines are derived
from models that incorporate phylogenetic information.

Because no single model for mean maximum dive depth
is clearly the best, we base the allometric equation on the
average across all models: mean maximum dive

. Analysis of the family models suggested0.327depth p 9.4M
that procellariiforms may have shallower maximum dive
depths for their mass than other species in our data set.
However, repeating these analyses on the full data set dis-
tinguishing between procellariiforms and other species did
not lead to an improvement in model fit over the best
model in table 1. The allometric equations suggested by
our analyses for the different diving variables are sum-
marized in table 2.

Discussion

Interspecific comparative analyses must consider the pos-
sibility that the traits being compared exhibit phylogenetic
autocorrelation because the species analyzed share many
characteristics through common descent. Phylogenetic
autocorrelation can result in biased estimates of regression
coefficients, such as allometric exponents, and in under-
estimates of standard errors. In allometric studies, the lat-
ter may lead to erroneous conclusions about the difference
between observed and theoretical exponents (see also
White and Seymour 2004).

Our analyses strongly suggest a high degree of phylo-
genetic autocorrelation in dive variables for birds and
mammals. For each variable, the most likely model from
those tested included a hierarchical model for evolutionary
relationships among species (rather than the star phylog-
eny representing a nonphylogenetic model; table 1). More-
over, the most likely models in most cases included trait
evolution that closely matched Brownian motion along the
phylogenetic topology, as indicated by l equal to or close
to 1. The one exception was the best model for mean dive
depth, which was consistent with this trait evolving ac-
cording to stabilizing selection. Nevertheless, stabilizing
selection produces a pattern of variation whereby closely
related species are more similar to each other in the trait
than expected under Brownian motion. Thus, in no case
is the assumption of independence across species upheld.
Indeed, in most cases, the Akaike weights of the nonphy-
logenetic models suggested that the probability that they
were the best models for any given parameter was
negligible.

That said, our results also highlight the dangers of fitting

birds	
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We did not frame our analysis in a phylogenetic
context for several reasons. Current phylogenies are very
incomplete for many nonmammalian and nonavian
taxons (see Tree of Life, http://www.tolweb.org). Several
major connective branches are lacking, or the distances
are poorly reliable. Setting the length of the multitude of
branches involved (see http://www.tolweb.org) to one
by default would have been both a necessity and a poorly
rigorous method to integrate phylogeny in the analyses.
More importantly, our results (see below) clearly show
that the metabolic mode enabled to separate completely,
without overlapping, the data sets gathered, respectively,
in ectotherms vs. endotherms. Superposing various
phylogenic trees would add no information in our
assessment. For instance, crocodiles remained clearly
within the ectothermic group in terms of dive dura-
tion ⁄ body mass relationship despite their relatedness to
birds.

Results

Pooling all the data, we found a significant correlation
between body mass and dive duration (Spearman corre-
lation, rs = 0.53, P < 0.001), suggesting that body mass
influences dive duration capacities in air-breathing ver-
tebrates. However, when the analyses were performed
separately in endotherms vs. ectotherms, the conclusion
above was challenged (Fig. 1). A graphical inspection of
the data revealed a clear-cut segregation between the
ectotherms and the endotherms (Fig. 1). All the dive
durations measured in ectotherms were above the range
of those recorded in endotherms. Therefore, we further

examined the relationship between body mass and dive
duration within each metabolic mode separately.

Considering the endotherms solely, the addition of
studies (and families) did not modify the pattern presented
in previous reviews: a strong positive correlation between
dive duration and body mass was observed (Spearman
correlation, rs = 0.88 ± 0.02, P < 0.0001; Fig. 1). In
ectotherms, no relationship between body mass and
maximum dive duration was detected (Spearman
correlation, rs = 0.13 ± 0.21, P = 0.44 ± 0.30). The distri-
bution of the data did not overlap between endotherms
and ectotherms (Fig. 1), and their respective range of
Spearman rank correlations generated through bootstraps
remained clearly different.

Discussion

Incorporating a substantial number of studies carried out
in ectothermic species challenged the paradigm that
diving capacities are mainly constrained by body mass in
air-breathing vertebrates (Schreer & Kovacs, 1997;
Halsey et al., 2006a, b). The two major recent reviews
published, respectively, in 1997 and 2006a,b provided a
baseline to understand how such a paradigm was
progressively established. The analyses presented by
Schreer & Kovacs (1997) provided a convincing general
picture where air-breathing diving vertebrates (N > 120
species) spread along a general correlation between body
mass and diving performances. However, closer analyses,
focused on the different taxonomic groups, failed to
demonstrate that the constraints imposed by body mass
were always a key determinant (e.g. within otariid seals).
This led to a discrepancy between micro-evolutionary
and macro-evolutionary processes: if the body mass
limitation for diving performances did not apply within
a family, it was hard to understand how such a putative
influence could also apply among families. In a second
step, Halsey et al. (2006a, b) successfully handled the
complications intrinsic to the analysis of phenotypic data
gathered on disparate entities (e.g. small seabirds vs.
giant mammals). Notably, they increased the data set
(N = 195 species) and framed the analysis within a
phylogenetic context. When the diving performances
were controlled for phylogenetic independence, not only
were all the above discrepancies resolved, but also most
of the diving variables became statistically undistinguish-
able between birds and mammals. The authors concluded
that more than the evolutionary pathways followed by
different lineages of divers, body mass was the main
determinant of diving performances, and thus was likely
a general feature of diving evolution (Halsey et al.,
2006a, b).

Our analyses with a much diverse data set partly
support the validity of the conclusions drawn by previous
reviews (Schreer & Kovacs, 1997; Halsey et al., 2006a, b).
Nevertheless, we emphasize that size dependency of
dive duration applies with significantly less force in
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Fig. 1 The relationship between maximum dive duration and body

mass, in air-breathing diving vertebrates for the main phylogenetic

groups. White and black circles are for birds and mammals

respectively (regression line for endotherms; y = 2.91x + 0.2). Grey

circles are for snakes (1), freshwater turtles (2 and 3), marine iguana
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and preliminary, and do not tell us whether or not the
snakes actively select occupied bird burrows, or
whether such occupancy conveys any fitness benefits
(or, indeed, costs). Nonetheless, the data do confirm
that the presence of an endotherm can create thermal
heterogeneity at a spatial and temporal scale relevant
to a mobile ectotherm in the same area, and can do
so in a way that is potentially exploitable by the
ectotherm. If such conditions are frequently satisfied,
then the ability to exploit endotherm-derived
‘hotspots’ may well be significant for some species.
Kleptothermy may be distinctive not only in the
source of heat involved (the byproduct of another
organism’s metabolism and/or thermoregulatory
behaviour) but also in the magnitude and stability of
the thermal regimes potentially achievable; alternative
tactics such as heliothermy and other types of thig-
mothermy typically function only during daylight
hours, and do not provide as much thermostability.
Given the thermal dependence of locomotor and
physiological processes in ectotherms (Dawson 1975;
Bennett 1990; Dorcas et al. 1997), the fitness benefits
of kleptothermy for such animals could be
considerable.

As with almost any definitional problem in biology,
the boundaries of kleptothermy are unlikely to be
clearcut and will require debate and discussion.

However, the phenomenon relies upon two major
conditions: (i) thermal heterogeneity created by the
presence of a warm organism in a cool environment;
and (ii) the selective use of that heterogeneity by
another animal to maintain body temperatures at
higher and more stable levels than would be possible
elsewhere in the local area. Importantly, the source of
heat in kleptothermy involves the metabolic thermo-
genesis of another animal, rather than solar radiation,
volcanically warmed soil, or any other non-biotic
source. Kleptothermy is widespread in endotherms as
well as ectotherms (huddling behaviour of juvenile
endotherms or microchiropterans are clear examples)
but typically is reciprocal. By contrast, kleptothermy
in ectotherms generally will be unilateral. Clustering
together to retard heat loss thus constitutes klep-
tothermy in endotherms (because the slower cooling
rate is partially owing to heat production by members
of the group) but not in ectotherms (because slower
cooling is entirely owing to thermal inertia (i.e. gigan-
tothermy)). Endoparasites (including oviductal embryos)
are not kleptotherms, because they cannot actively
move about to select specific thermal regimes within
a heterogeneous environment. Future research could
usefully explore the occurrence, forms, and potential
fitness consequences, of this putative thermoregulatory
tactic.
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Figure 1. Ambient temperatures on a small island (Signal Islet, New Caledonia) and body temperatures of a male sea krait
(Laticauda laticaudata) on that island over a seven-day period in January 2006. Thermal regimes were monitored with data-
loggers (ACR SmartButton data Loggers: +0.58C, sampling rate 5 min excepted for the snake, see text); all sites other
than the occupied shearwater burrow provided cooler and/or more variable temperatures than did the burrow used by the
snake from 5 to 8 January (open: 35.3+13.48C, ‘dry’ beach rock: 29.1+3.68C, intertidal beach rock: 26.5+2.08C,
vacant sea bird burrow: 28.1+0.48C). Beach rocks and vacant bird burrows are frequently used as shelters by L. laticaudata
(Bonnet et al. 2009). Thin black line indicates open; thick grey line indicates ‘dry’ beach rock; thin grey line indicates intertidal
beachrock; thick broken black dashes indicate vacant seabird burrow; thick black line indicates L. laticaudata (adult male); thin
broken grey dashes indicate constant 37.58C temperature).
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