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ABSTRACT

In this paper I focus on the problem of non incorporating phylogenetic information when doing a comparative analysis. A
review of the theory on this subject shows that not incorporating the phylogenetic information inflates the degree of freedom
and can increase the risk of type I and type A errors of statistic tests done on cross species data (non phylogenetically
controlled). The phylogenetic independent contrasts method (Felsenstein, 1985) has been developed to resolve the problem
of non-independence of data ( i.e ., traits measured across different species) in comparative studies. After a presentation of the
assumptions of this method, I provide one example on parasite species richness of mammals which shows the errors that lead
to false conclusions. For example, a non phylogenetic approach (cross species comparisons) would lead to the conclusion that
parasite diversity is linked to host body size, whereas a phylogenetic independent comparison shows no relationship between
host body size and parasite richness. A non phylogenetic approach would thus lead us to reject the null hypothesis when it is
false (Type I error). One assumption underlining the independent contrasts method is the random walk model (Brownian
motion), which is used as a null hypothesis. Many traits that are considered in comparative studies are unlikely to be well
described by a simple Brownian motion process. I propose to use Mantel tests to detect evolutionary trends in comparative
analyses. I performed a simulation that shows the efficiency of Mantel tests for detecting evolutionary' trends and for
measuring phylogenetic effects. Mantel tests could be one answer to the critical comments made on the independent
contrasts method.

RESUMfi

Analyse comparative des donnees continues : la necessite d’etre « phylogenetiquement correct »
Dans ce travail, je m'interesse aux problemes lies a la non prise en compte des informations phylogcnetiques quant on

realise une analyse comparative. Une revue de la theorie concemant ce sujet montre que de ne pas incorporer les informations
phvlogenetiques augmente le degre de liberte et accroit les risques d'erreur de type I et de type D des tests statistiques
effectues sur les donnees non controlees pour la phylogenie. La methode des contrastes independants (Felsenstein, 1985) a
ete developpee pour resoudre le probleme de la non-independance des donnees (les traits mesures chez les diflerents taxons)
dans les etudes comparatives. Apres une presentation des hypotheses de cette methode, je donne un exemple concemant les
richesses parasitaires des mammiferes terrestres qui montre les erreurs conduisant a des conclusions erronees. Ainsi, une
approche non phylogenetique aurait conduit a la conclusion que la diversite parasitaire est liee a la taille de 1 hole, alors que
la methode des contrastes independants montre V absence de relation entre ces deux variables. Une appri>che non
phylogenetique peut conduire a rejeter Phypothese nulle alors qu'elle est vraie (erreur de type I). Une des hypotheses de la
methode des contrastes independants est le modele de marche aleatoire (mouvement brownien). De nombreux traits, pris en
compte dans les analyses comparatives, ne sont pas bien decrit par le modele de mouvement brownien. Je propose d utiliser
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les tests de Mantel pour detecter les tendances evolutives dans les analyses comparatives. J’ai conduit une simulation qui
montre Pefficacite des tests de Mantel pour detecter les tendances evolutives et mesurer les effets phylogenetiques. Les tests
de Mantel peuvent etre une des reponses aux critiques effectuees sur la methode des contrastes independants.

INTRODUCTION

There  are  two  ways  for  analyzing  evolutionary  processes.  The  first  one,  the  population
approach,  focuses  on  micro-evolutionary  processes  and  tries  to  find  adaptation  at  work,  i.e.  the
evolution  of  a  specific  character  under  natural  selection  or  sexual  selection.  The  second  one,  the
comparative  method,  tries  to  identify  adaptation  by  studying  the  evolution  of  a  specific  character,
in  different  lineages,  supposed  to  be  driven  by  the  same  selection  pressures.  The  development  of
cladistic  analyses  has  challenged  the  definition  of  adaptation.  For  example,  CODDINGTON  (1988)
has  defined  an  adaptation  as  an  apomorphic  fiinction  promoted  by  natural  selection.  I  will
concentrate  on  the  second  approach.

First  of  all,  we  have  to  distinguish  the  differences  between  phylogenetic  effects  from
phylogenetic  constraints.  DERRICKSON  &  RiCKLEFS  (1988)  have  drawn  the  attention  on  the  fact
that  numerous  biologists  do  not  make  the  difference  between  phylogenetic  effects  and
phylogenetic  constraints.  According  to  these  authors,  the  phylogenetic  effects  are  only  the
expression  of  the  tendency  of  related  species  to  be  similar  because  they  share  a  common  history.
They  defined  a  phylogenetic  constraint  as  the  effect  of  history  onto  the  changes  in  diversification
of  a  given  clade  or  as  the  differences  in  evolutionary  interactions  between  a  phenotype  and  its
environment.  However,  as  emphasized  by  McKlTRlCK  (1993)  such  definition  refers  more  to  the
results  than  to  the  causes  of  a  constraint.  McKlTRlCK  (1993)  suggested  that  a  constraint
highlights  the  absence  of  a  given  character  or  the  lack  of  an  expected  evolution.  She  proposed
the  following  definition  where  a  phylogenetic  constraint  is  “any  result  or  component  of  the
phylogenetic  history  of  a  lineage  that  prevents  and  anticipated  course  of  evolution  in  that
lineage”.  The  lack  of  viviparity  among  birds  is  an  example  of  phylogenetic  constraint.

Very  early,  people  have  recognized  several  pitfalls  linked  with  cross-species  comparisons.
It  has  been  recognized  that  taxonomic  relationships  greatly  influence  the  correlation  between  the
analyzed  traits  (STEARNS,  1992).  Interspecific  comparison  is  a  very  common  approach  in  ecology
(as  well  as  in  other  branches  of  biology).  Many  recent  studies,  and  even  recent  textbooks,  in
ecology  or  evolutionary  biology  continue  to  ignore  these  statistical  pitfalls  and  persevere  to
ignore  the  importance  of  the  phylogeny  and  the  history  of  organisms.

Some  evolutionary  biologists  use  parsimony  methods  for  inferring  the  evolution  of  a
particular  character.  GARLAND  &  ARNOLD  (1994)  argued  that  the  application  of  parsimony
analyses  can  be  justified  only  on  methodological  grounds  but  do  not  refer  to  any  model  of
evolution  (but  see  SOBER,  1994  for  the  use  of  parsimony  in  evolutionary  biology).  FELSENSTEIN
(1988)  challenged  the  view  that  reconstructing  phylogenies  is  a  statistical  problem  and  implies  an
explicit  model  of  evolution.  People  interested  in  the  evolution  of  discrete  characters  mostly  use
parsimony  analyses  whereas  those  dealing  with  continuous  characters  use  independent
comparative  methods  (but  see  Pagel,  1994).

It  is  not  my  aim  to  compare  these  two  very  different  methods  (parsimony  versus
independent  comparative  method)  for  the  analysis  of  adaptation.  Rather,  I  focus  deliberately  on
the  statistical  approach  in  order:  (1)  to  convince  evolutionary  ecologists  about  the  need  to
control  for  phylogeny  when  comparing  different  species,  (2)  to  draw  the  attention  of
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phylogeneticists  to  models  (and  statistics)  that  underline  every  methods,  (3)  to  propose  Mantel
tests  as  a  method  to  detect  evolutionary  trend.

HOW  TO  REVEAL  PHYLOGENETIC  EFFECTS?  A  FIRST  APPROACH

FISHER  &  Chapman  (1993)  tried  to  answer  to  this  question  by  analyzing  the  dispersal
mechanisms  of  plant  fruit.  The  objectives  of  their  study  were  to  examine  the  degree  to  which
plants  have  evolved  predictable,  disperser-specific  syndromes  and  to  determine  the  consequences
of  using  different  taxa  as  sampling  units  when  analyzing  comparative  data  to  test  for  the
existence  of  dispersal  syndromes.  These  authors  recognized  that  using  species  as  independent
sample  units  implies  that  the  analyzed  character  (fruit  morphology)  should  have  evolved
independently  in  any  clade,  which  is  not  self-evident.  Furthermore,  an  analysis  based  on  species
will  dramatically  inflate  the  number  of  events.  In  the  absence  of  a  fully  resolved  phylogeny,
Fisher  &  Chapman  (1993)  proposed  to  use  genera  as  sample  units.  The  hypothesis  is  that  if  the
apparition  of  a  given  trait  is  the  result  of  convergent  evolution  then  this  correlation  should  always
be  found  when  using  genera  as  sample  units.  Because  the  correlation  was  lost  using  genera  as
sample  units,  FISHER  &  Chapman  (1993)  concluded  that  a  study  based  at  the  species  level  is  not
unbiased.  This  example  highlights  two  major  problems.  First,  the  use  of  taxonomic  information  is
arbitrarily  and,  second,  the  use  of  species  as  independent  points  may  lead  to  false  conclusion.

WHY  USING  PHYLOGENETIC  INFORMATION  IN  COMPARATIVE  ANALYSES?

Three  pitfalls  should  be  avoided  in  comparative  analyses:
(1)  not  incorporating  phylogenetic  information  may  inflate  the  degrees  of  freedom,
(2)  high  risk  of  rejecting  Ho  when  it  is  true  (Type  I  error),
(3)  high  risk  of  accepting  Ho  when  it  is  false  (type  II  error).

Not  incorporating  phylogenetic  information  implies  that  we  make  the  assumption  of  a  true
case  of  multiway  speciation  events  (“hard  polytomies”;  MADDISON,  1989),  which  refers  to  a  star
phylogeny.  However,  most  phylogenies  are  dichotomous  even  if  some  parts  are  unresolved  (soft
phylogeny).  Imagine  the  case  of  5  species,  a  star  phylogeny  gives  (5-2=3)  degrees  of  freedom
while  a  dichotomous  phylogeny  gives  (5-3=2)  degrees  of  freedom  or  less  (GARLAND  &  ARNOLD,
1994).

Figure  1,  redrawn  from  GlTTLEMAN  &  LUH  (1992),  shows  the  problem  of  phylogenetic
relations.  Suppose  a  known  phylogeny  with  2  genera  and  6  species.  By  plotting  trait  variations
and  ignoring  phylogenetic  pattern  we  might  find  a  relationship  whereas  it  is  erroneous  (type  I
error:  false  rejection  of  H  0  ).  Conversely,  we  might  reject  a  relationship  (type  II  error:  false

acceptation  of  H  0  )  which  actually  exists.
I  will  give  below  an  example  showing  both  statistical  errors.

THE  INDEPENDENT  CONTRASTS  METHOD

The  phylogenetic  independent  contrasts  method  (FELSENSTEIN,  1985;  MARTINS  &
Garland,  1991;  PAGEL,  1992;  Garland,  1992)  has  been  developed  to  resolve  the  problem  of
non-independence  of  data  (  i.e.  traits  measured  across  different  species)  in  comparative  studies.
FELSENSTEIN  (1985)  suggested  a  procedure  for  calculating  comparisons  between  pairs  of  taxa  at
each  bifurcation  in  a  known  phylogeny  (Fig.  2).

Source MNHN, Paris
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Error  type  II  Error  type  I

In  a  phylogenetic  tree,  the  independent  events  (on  which  an  analysis  can  be  performed)
correspond  to  the  nodes  that  give  rise  to  daughter  branches.  For  each  branch  of  a  node,  values
for  a  given  variable  are  obtained  by  averaging  the  values  of  its  own  daughter  branches.  Then  the
difference  for  each  variable  between  the  two  daughter  branches  of  each  node  is  calculated.  In  the
calculation  of  contrasts,  the  direction  of  subtraction  is  arbitrary.  Multiple  nodes  can  be  treated  in
a  way  that  gives  a  single  contrast  (Purvis  &  Garland,  1993).  Pairs  of  sister  branches  that
diverged  a  long  time  ago  are  likely  to  give  greater  contrasts  than  pairs  of  sister  branches  that
diverged  recently.  It  is  thus  necessary  to  standardize  each  contrast  through  division  by  its
standard  deviation  where  the  standard  deviation  of  a  contrast  is  the  square  root  of  the  sum  of  its
branch  lengths  (Garland  el  a/.,  1992).  In  the  absence  of  information  on  branch  length,  one  can
assume  each  branch  length  to  be  equal  to  unity.  Another  method  is  proposed  by  Grafen  (1989)
for  assigning  arbitrary  lengths.  In  this  method  the  age  of  a  node  is  assigned  as  the  number  of
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daughter  groups  descended  from  that  node  minus  one.  Nevertheless,  GARLAND  el  al.  (1992)
showed  that  using  arbitrary  or  real  branch  lengths  often  leads  to  similar  results.  In  order  to  check
that  contrasts  are  properly  standardized  it  is  suggested  to  perform  a  regression  of  the  absolute
values  of  standardized  contrasts  versus  their  standard  deviations.  In  case  of  positive  relationship
it  is  necessary  to  transform  branch  lengths  before  computing  standard  deviations  (Garland  el
al.,  1992).  All  correlations  between  contrasts  are  forced  through  the  origin  (Fig.  2).

Regression forced through the origin

Fig. 2. — The independent contrasts method. The illustration is after Gittleman & Luh (1992) and Purvis & Rambaut
(1995).

The  three  main  assumptions  of  independent  contrasts  are:
(1)  a  correct  topology,
(2)  branch  lengths  measured  in  units  of  expected  variance  of  character  evolution,
(3)  a  Brownian  motion  model  of  character  evolution  or  random  walk  model  (FELSENSTF.IN,  1985;
1988).

Under  a  Brownian  motion  model  of  evolution,  a  change  in  the  mean  phenotype  is  expected
to  be  non-directional  and  to  occur  at  a  constant  rate.  This  rate  can  be  described  in  terms  of  the
relation  between  the  variance  among  species  phenotypes  and  time  as:

Vb  =  pt  +  s

Source:
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As  pointed  out  by  MARTINS  (1994),  many  traits  that  are  considered  in  comparative  studies
are  thought  to  have  been  the  subject  to  the  action  of  natural  or  sexual  selection.  Thus,  these  traits
are  unlikely  to  be  well  described  by  a  simple  Brownian  motion  process.  The  performances  of  the
independent  contrasts  under  different  models  of  character  evolution  have  been  tested  (see
Martins  &  Garland,  1991;  Martins,  1994;  BjOrklund,  1994).  Simulation  studies  indicate
that  the  independent  contrasts  method  produces  acceptable  error  rates.  Moreover,  the
independent  contrasts  method  produces  less  error  rates  than  other  phylogenetic  correction
methods,  like  nested  ANOVA  or  phylogenetical  autocorrelation  (MARTINS  &  GARLAND,  1991;
Purvis  et  al.,  1994;  Diaz-Uriarte&  Garland,  1996).

Three  statistical  assumptions  must  be  tested  when  working  with  a  real  data  set  (GARLAND
el  al.,  1992;  PURVIS  &  RAMBAUT,  1995):
(1)  the  random  walk  model  can  be  tested  by  regressing  the  absolute  values  of  the  standardized
contrasts  against  the  estimated  nodal  values,
(2)  homogeneity  of  variances  can  be  tested  by  regressing  the  absolute  values  of  the  standardized
contrasts  against  the  height  or  ages  of  the  corresponding  nodes,
(3)  and  ANOVA  can  be  used  to  test  for  heterogeneity  of  variances  amongst  multiple  node
values.
However,  one  problem  with  the  independent  contrasts  method  is  the  accurate  estimation  of  the
ancestral  values  at  ancestral  nodes  (PAGEL,  1992).  The  method  of  averaging  values  can  introduce
several  biases.  Excluding  ancestral  nodes  from  the  analysis  is  one  way  to  test  if  the  relationship
remains  identical  with  actual  species  (PAGEL,  1992).

PARASITE  RICHNESS  OF  MAMMALS  AS  EXAMPLE

1  compiled  data  on  nematodes  recovered  from  66  species  of  terrestrial  mammals.  These
data  were  collected  from  several  sources  based  on  a  survey  of  90  studies  published  over  the  last
30  years.  Comparative  analyses  of  parasite  species  richness  should  avoid  2  pitfalls:  sample  size
(Gregory,  1990;  WALTHER  et  a  /.,  1995)  and  phylogenetic  confounding  effects  (Harvey,
1996).  As  GREGORY  (1990)  and  WALTHER  et  al.  (1995)  pointed  out,  investigations  on  parasite
species  richness  must  take  into  account  differential  sampling  effort.  Differential  sampling  effort  is
a  consequence  of  both  the  researcher’s  sampling  procedure  and  of  the  geographical  range  of  the
hosts,  and  both  may  affect  host  and  researcher  encounters,  and  thus  directly  influences  the
observed  number  of  parasite  species.

The  need  to  take  the  phylogeny  into  account  is  related  to  the  coevolution  between  hosts
and  parasites.  Hence,  host  phylogeny  may  be  important  in  determining  the  richness  of  a  parasite
community  (Holmes  &  Price,  1980;  Brooks  &  McLennan,  1991).  Furthermore,  cross-species
comparisons  performed  using  species  values  as  independent  data  points  may  be  confounded  by
the  phylogenetic  relationship  of  the  analyzed  species  (FELSENSTEIN,  1985;  HARVEY  &  PAGEL,
1991,  Martins  &  Garland,  1991).  For  example,  a  correlation  between  host  body  size  and
parasite  species  richness  may  arise  because  a  group  of  related  and  same-sized  hosts  have  a  high
parasite  species  richness  because  of  their  common  phylogenetic  origin  and  not  because  of
common  ecological  forces.  Closely  related  species  tend  to  be  similar.  Therefore,  species  values
cannot  be  treated  as  statistically  independent  points  (Harvey  &  PAGEL,  1991).

I  based  the  analysis  on  the  working  phylogeny  of  mammals  (Fig.  3)  proposed  by  POULIN
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Didelphis rirginiana
Marmola monax
Sciurus carollnrnsts
Tamascturns hudsonicus
Thamomys talpoides
Thamomys bulbivorus
Dipodomys deseru
Dipodomys merrlami
Hydrochaerls hydrochaeris
Ondatra zibrlhica
Neofiber alleni
Sigmodon hispidus
Onychomys leucogaster
Oryzomys palustris
Podomys fioridanus
Peromyscus gossyptnus
Peromyscus polionotus
Clethrionomys glaerotus
Rattus rattus
Apodemus sylvaticus
Lepus americanus
Lepus ealifornicus
Oryetolagus cuniculus
Sytvilagus fioridanus
Ochotona princeps
Blarina brericaudata
Sorex araneus
Sorex min ulus
Ursus americanus
Ursus aretos
Procyon lotor
Lulra canadensis
Mephitis mephitis
Taxidea tax us
Maries americana
Martes pennanti
Mustela erminea
Music la rison
Canis familiaris
Cams latrans
Canis lupus
Urocyon cinerorargenteus
Vulpes vulpes
Felis canadensis
Felis cati
Felis concolor
Felis rufus
Equus burchelh
Equus caballi
Equus zebra
Giraffa Camelopardalis
A Ices alces
Cerrus axis
Cerrus elaphus
Dama dama
Ondocoileus hemionus
Ondocoileus virginianus
Rangi/er larandus
Bos taurus
Oris americana
Oris aries
Oris canadensis
Oris orientalis
5 us scro/a
Tayassu tajacu
Lama glama
Eptesicus fuse us
My otis luci/ugus
Nycticeius humerahs

Fig. 3. — Phytogeny of mammals used in the analysis (this phytogeny redrawn from Poulin, 1995 is based on various sources:
molecular and morphological data)

Source: MNHN, Paris
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(1995).  I  used  the  C.A.I.C.  program  (Purvis  &  RAMBAUT,  1995).  Data  on  parasite  species
richness  and  host  body  lengths  were  logarithmically  transformed  (HARVEY,  1982).  Because
parasite  species  richness  can  correlate  with  sampling  effort,  both  variables  were  controlled  for
host  sample  size  before  the  analyses.  All  correlations  between  contrasts  were  forced  through  the
origin  (GARLAND  et  a/.,  1992).

Parasite  richness  and  host  body  size

Cross  species  analysis  and  phylogenetic  independent  method  gave  rise  to  different  results
(Fig.  4).  A  non  phylogenetic  approach  (cross  species  comparisons)  leads  to  the  conclusion  that
parasite  diversity  is  linked  to  host  body  size.  However,  a  phylogenetic  independent  comparison
of  contrasts  analysis  showed  no  relationship  between  host  body  size  and  parasite  richness.  A  non
phylogenetic  approach  would  lead  us  to  accept  the  null  hypothesis  when  it  is  false  (Type  I  error).
My  results  support  those  of  POULIN  (1995)  who  also  did  not  find  any  relationship  between
mammal  body  size  and  parasite  species  richness  when  correcting  for  host  phylogeny.

(a)  Cross-species'  comparison  (non-phylogenetic  comparison)

Significant (P < 0.001)

False  rejection  of  Hq
T  ype  I  Error

(b)  Independent  contrasts

_ sc ‘K

■ i

1.0 -

-0.5  0  0.5  1.0  l.S  2.0  2!s  3.0

N.S. (P = 0.33)

Host bodv size (In k^)corrected for sample size

Fig. 4. — A significant relationship between host body size and parasite diversity (nematodes) is found when using a non-
phylogenetic approach whereas it is false as detected by the independent contrasts method. Parasite species richness is
controlled for sampling effort.

Source:
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(a)  Cross-species'  comparison  (non-phylogenetic  comparison)
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(b)  Independent  contrasts
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Fig. 5. — A lack of relationship between host biomass and parasite diversity (nematodes) is foimd using a non-phvlogenetic
approach whereas the independent contrasts method detects a positive relationship.

Parasite  richness  and  host  biomass

The  results  found  by  the  two  methods  were  also  different.  While  a  non-phylogenetic
approach  did  not  detect  any  relationship  between  the  two  variables  (Fig.  5),  the  independent
comparison  allows  to  find  a  significant  relationship  between  nematode  diversity  and  host
biomass.  Thus,  a  non  phylogenetic  approach  will  lead  to  accept  the  null  hypothesis  whereas  the
null  hypothesis  is  wrong  (Type  II  error).

DETECTING  EVOLUTIONARY  TRENDS  AND  THE  USE  OF  MANTEL  TESTS

Analyzing  evolutionary  trends  was  the  topic  of  the  essay  of  MCKINNEY  (1990),  who
proposed  time  series  analyses  as  a  tool  for  detecting  an  evolutionary  trend.  For  McKinney,  trends
are  persistent  statistical  tendencies  in  some  variables  (such  as  morphological)  in  an  evolutionary
time  span.  De  facto,  random  walk  (Brownian  motion)  is  used  as  a  null  hypothesis.  McShea
(  1994)  argued  that  large-scale  evolutionary  trends  may  be  passive  or  driven.  Whereas  the  passive
trend  may  correspond  to  a  Brownian  motion  of  character  evolution  (random  walk),  the  driven
trend  corresponds  to  a  selection-driven  system  (McShea,  1994).

Source
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Both  systems  of  evolution  (passive  or  driven)  yield  to  the  conclusion  that  related  species
share  the  same  characters  due  to  their  phylogenetic  proximities.  However,  in  a  passive  system
distant  species  can  share  the  same  characters  because  of  the  random  evolution  of  characters
(Brownian  motion).

I  performed  a  simulation  study,  to  show  that  Mantel  tests  cannot  detect  pure  Brownian
motion  of  character  evolution  (passive  trends)  but  can  detect  driven  evolutionary  trends  with
acceptable  error  rates.  Mantel  tests  have  been  used  to  quantify  phylogenetic  effects  (TAYLOR  &
GOTELLI,  1994),  and  an  extended  version  of  this  test  has  been  proposed  by  LEGENDRE  el  al.
(1995).  However,  the  robustness  of  the  MANTEL  test  in  comparative  analyses  has  not  yet  been
evaluated.

the  "true  phylogeny"

1  ^

(Purvis  et  al.,  1992)

Brownian  Motion

Time

Time

Fig. 6. — The "true phylogeny” used in the simulation study. The changes in variance among species phenotypes with time
are shown under a Brownian model of evolutionary change (with a 2 = 1 throughout clade) and under a Brownian + a
driven evolutionary trend.

Source:
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Methodology  and  examples

Using  a  modified  version  of  Purvis  el  aid  s  methodology  (1994)  to  take  into  account  a
driven  trend,  values  of  pairs  of  characters,  Y  and  X,  were  generated  for  the  32  species  along  the
phylogeny  given  in  Fig.  6.  For  each  branch  segment,  the  changes  of  values  of  these  traits  are
given by:

AX  =  N(0,1)*  yjbranch  length  +  pi((3)

AY  =  a.AX  +  (l  -<7).N(0,1)*  yjbranch  length

where  N(0,1)  is  a  normal  pseudo-random  number  of  mean  0  and  variance  1,  a  is  the  input
correlation  and  pi(P)  the  probability  of  increase  (see  below).  Each  normal  random  number  is
multiplied  by  the  square  root  of  the  branch  length  (following  PURVIS  et  al.,  1994).  Starting  from
the  root  of  the  tree,  where  X  =  0  and  Y  =  0,  values  at  successive  nodes  i  are  computed  as

X(/+l)  =  X(/)  +  AX

Y(/+l)  =  Y(/)  +  AY
The  values  of  X  and  Y  for  the  species,  located  at  the  tip  of  the  branches,  were  calculated  by
summing  the  changes  along  all  branches  of  the  phylogeny.

In  a  passive  system  (pure  Brownian  motion),  pi  =  0.  In  a  driven  system,  the  value  b  (10  in
my  simulations)  is  added  to  AX  according  to  a  probability  of  increase  pi  (pi  =  0.9;  I  used  the
same  value  as  in  McShea,  1994).  The  passive  system  corresponds  to  the  simulation  method  of
Purvis  et  al.  (1994)  whereas  the  driven  system  follows  a  similar  methodology  to  that
exemplified  by  McSHEA  (1994).

I  calculated  1000  pairs  of  X  variable  with  a  =  0  and  used  them  for  detecting  errors  of

Mantel tests

X  Y
and Phylogeny and Phylogeny

Pure Brownian
test of validy (Type I)

test of power (Type II)

p>0.05  p>0.05

p>0.05  p>0.05

Brownian + Driven trend

p>0.05

p>0.05

test of validy (Type I) p<0.05

test of power (Type II) p<0.05

Fig. 7. — Mantel test method. In Mantel tests, the X variable is transformed into distance matrix X, by computing the
"distance” among values (absolute value of the difference). The phylogeny is represented by a matrix P of patristic
distances among species. Patristic distances are computed as the lengths of segments along the evolutionary tree that
separate two species. The regression of the individual values in the matrices yields the regression coefficients
constructed by Monte Carlo simulation (Manly, 1991). The significance (p) was determined by Monte Carlo
simulation.

Source:
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Phylogeny
Matrix

of phylogenetic distances

Matrix
of Euclidean distances

Trait X

Fig. 8. — Results of the simulation study for a passive system (Brownian motion of character evolution) and a driven system
(phylogenetic trend). Test of validity (detection of type I errors) is carried out using a fixed input correlation of a = 0;
Test of power (detection of type II) is performed using a fixed input correlation of a = 3. Mantel tests were done
between variable X and the matrix of the phylogeny (999 permutations each for the Mantel test).
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Fig. 9. — Working phylogeny of rodents. Evolutionary divergences between rodents were obtained from various sources:
paleontological records, morphological and molecular data, (see Feliu et al., 1997).

Source: MNHN, Paris
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represented  by  a  matrix  P  of  patristic  distances  among  species.  Patristic  distances  are  computed
as  the  lengths  of  segments  along  the  evolutionary  tree  that  separate  two  species  (Fig.  7).

I  implemented  the  Mantel  test  according  to  Manly  (1991).  The  regression  of  the
individual  values  in  the  matrices  yields  the  regression  coefficients  constructed  by  Monte  Carlo
simulation  (SMOUSE  et  ai,  1986;  MANLY,  1991).  The  significance  (p)  was  determined  by  Monte
Carlo  simulation  (999  replications)  (LEGENDRE  et  ai  ,  1995).

According  to  my  hypothesis,  Mantel  tests  cannot  detect  a  passive  trend  but  can  detect  a
driven  trend  based  upon  both  validity  (a  =  0)  and  power  tests  (a  =  0.3)  (Fig.  8).  The  detection  is
found  only  for  the  X  variable,  which  was  the  variable  affected  by  the  driven  trend.  Based  upon
these  results,  it  may  be  possible  to  detect  a  phylogenetic  trend  in  comparative  analyses.  This  can
be  seen  in  the  following  real  data  sets:  the  parasite  species  richness  of  Iberian  rodents  and  the
parasite  species  richness  of  African  cyprinids.  Using  data  on  parasites  of  rodents,  collected  over
an  eighteen  year  period  on  the  Iberian  peninsula,  FELIU  el  ai  (1997)  investigated  the
determinants  of  parasite  species  richness  in  Iberian  rodents.  More  than  70  species  of  helminth
parasites  (nematodes,  cestodes  and  digenes)  were  identified  among  fifteen  species  of  rodents,  for
which  a  working  phylogeny  has  been  proposed  (Fig.  9).  Parasites  were  classified  into  groups
according  to  their  host  specificity.  Specificity  corresponds  to  the  number  of  infected  host  species
by  a  given  parasite  species:  the  larger  the  host  species  number,  the  lower  the  specificity.  One
explanation  of  parasite  species  richness  is  linked  to  host  phylogeny.  A  Mantel  test  shows  that
richness  of  specific  parasites  (corrected  for  host  sample  size  according  to  WALTHER  et  ai  ,  1995)

Fig. 10. — Relationship between rodents using parasites as characters in a parsimonious construction tree (Feliu el al., 1997).
Specific parasite species are coded as characters (values of bootstrap analysis are given on the figure, 100 replicates).
Note that major phylogenetic relationships are found.

Source:
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is  correlated  with  the  phylogeny  of  their  host  (p  =  0.001,  R  =  0.66).  This  pattern  is  clearly
illustrated  when  using  parasite  species  as  characters  for  a  tree  reconstructing  host  relationships
(Fig.  10).  The  obtained  consensus  tree  reflects  the  major  phylogenetic  divisions  of  the  host
group.  Thus,  the  detection  of  a  phylogenetic  trend,  the  increase  of  parasite  species  richness
through  the  diversification  of  their  hosts,  is  revealed  by  MANTEL  tests  and  confirmed  by  tree
reconstruction.

GUEGAN  el  al.  (1992)  investigated  the  richness  of  monogeneans  (ectoparasites)  of  cyprinid
fishes  and  found  that  host  length  is  a  major  determinant  of  ectoparasite  diversity.  More  recently,
GUEGAN  &  MORAND  (1996)  have  shown  using  the  independent  contrasts  method  that  parasite
species  richness  is  correlated  with  changes  in  the  level  of  host  ploidy.  Because  of  the  loss  of
explanatory  power  (percentage  of  variance)  when  using  independent  comparison,  we  may
suggest  that  history  of  the  host  group  can  partially  explain  parasite  species  richness.  In  this  case,
I  used  a  MANTEL  test  (Fig.  11)  and  found  that  phylogeny  effectively  explains  a  substantial
amount  of  variance  of  species  richness  (p  <  0.001;  R  =  0.16).  In  other  words,  this  finding
suggests  that  related  species  of  hosts  tend  to  have  the  same  parasite  species  richness  because
most  of  the  parasites  have  been  inherited  from  their  common  ancestors.

These  two  examples  illustrate  how  Mantel  tests  can  be  applied  in  comparative  analyses.
However,  I  would  like  to  emphasize  that  the  lack  of  detection  of  a  phylogenetic  correlation  does

host species parasite number
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Fig. 11. — Phylogeny of African cyprinid fish based on isoenzymes data (from Guegan & Morand, 1996) with number of
parasite species.

Source:
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not  allow  to  the  conclusion  of  the  absence  of  phylogenetic  effects.  The  simulation  studies  clearly
show  that  Mantel  tests  do  not  detect  passive  evolutionary  trends  (pure  Brownian  motion  of
character  evolution)  and  that  comparative  studies  should  always  use  the  independent  contrasts
method.

SKEPTICISM  ABOUT  COMPARATIVE  METHODS?

Before  concluding,  it  is  necessary  to  mention  some  problems  concerning  the  use  of
comparative  methods  in  evolutionary  biology.  Two  different  criticisms  have  been  put  forward,
one  by  LEROI  et  al.  (1994)  and  the  other  one  by  WESTOBY  et  al.  (1995a,  1995b).

LEROI  et  al.  (1994)  argued  that  comparative  methods  are  “valuable  for  examining  the
evolutionary  history  of  traits  but  they  will  often  mislead  in  the  study  of  adaptive  processes”.
Their  major  concern  is  that  we  know  very  little  on  the  evolutionary  genetic  mechanisms
responsible  for  distributions  of  traits  among  species.  They  claimed  that  it  is  very  difficult  to
justify  any  evolutionary  scenario  without  evidence  of  historical  selection  forces  and,  more
important,  the  genetic  relations  among  traits.  Some  of  their  arguments  concern  mainly  the
invocation  of  constraints  in  the  explanation  of  either  adaptation  or  phylogenetic  conservatism.
However,  the  problem  is  more  a  problem  of  definition  (what  is  a  phylogenetic  constraint)  than  a
problem  of  method  (the  use  of  comparative  method).  A  second  set  of  arguments  addresses  the
question  of  the  evolution  of  continuous  characters,  the  topic  of  this  study.  Using  the  example  of
the  scaling  of  brain  and  body  size,  described  as  a  power  function,  they  found  at  least  two
problems  of  the  comparative  method.  The  first  is  that  of  confounding  selection  pressures.  I
cannot  see  why  this  is  a  specific  problem  of  the  comparative  method.  A  correlation  constitutes  no
proof  whether  the  correlation  is  the  result  of  the  comparative  method  or  any  other  methods.  The
second  criticism  deals  with  “the  confounding  of  the  causal  influence  of  selection  with  that  of
genetic  correlations”.  This  is  a  more  serious  critique  but,  again,  the  problem  is  more  related  to
the  causes  and  correlations  than  to  methods.  Indeed,  LEROI  et  al  (1994)  concluded  their  study
with  the  acknowledgment  “that  the  methods  of  comparative  biology  and  genetics  might  be
usefully  combined”.

The  second  criticism  came  from  WESTOBY  et  al.  (1995a,  1995b).  Their  concern  was  that  a
phylogenetic  correction  (i.e.  phylogenetic  analysis)  is  not  a  correction  but  rather  a  conceptual
decision  which  gives  priority  to  one  interpretation  over  another.  In  fact,  they  assumed  that  part
of  variation  of  a  given  trait  is  correlated  with  phylogeny  and  other  part  correlated  with  ecology.
However,  their  arguments  refer  to  the  notion  of  phylogenetic  niche  conservatism.  This  process
can  be  described  as  follows:  “the  ancestor  of  a  lineage  possesses  a  constellation  of  traits,  enabling
it  to  succeed  in  a  particular  habitat  and  disturbance  regime,  through  a  particular  life  history  and
physiology.  The  lineage  will  therefore  leave  most  descendants  in  similar  niches.  This  niche
conservatism  in  turn  will  tend  to  sustain  a  similar  constellation  of  traits  in  descendants  of  the
lineage  (WESTOBY  et  al  .,  1995a).  Harvey  et  al.  (1995)  gave  a  clear  answer  to  that  questions  by
emphasizing  that  the  independent  contrasts  method  does  not  remove  phylogenetic  effects  but
produces  plots  in  which  all  the  variation  of  the  data  set  in  one  variable  is  graphed  against  all  the
variation  in  the  other  variable.  In  this  way,  phylogenetic  niche  conservatism  means  that
adaptations  to  different  components  of  the  niche  will  be  correlated  (Harvey  et  al.,  1995),  which
is  what  the  contrasts  method  has  been  designed  to  detect.
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CONCLUSION

Within  a  multi-species  study,  species  do  not  necessarily  represent  independent  data  points
(KELLY  &  Purvis,  1993;  HARVEY,  1996).  The  recent  debate  involving  WESTOBY  et  al.  (1995a,
1995b)  and  Harvey  et  at.  (1995)  highlighted  some  misinterpretations  of  comparative  methods.

Comparative  biologists  have  drawn  attention  to  all  the  biases  which  could  arise  when  the
phylogenetic  information  are  not  taken  into  account  (PAGEL  &  HARVEY,  1991;  GARLAND  et  a  /.,
1992;  Martins,  1995;  Harvey,  1996).  Moreover,  as  emphasized  by  Garland  &  Arnold
(  1994),  caution  should  be  exerted  to  all  comparisons  involving  only  two  species  (there  is  no
degree  of  freedom!).

In  this  study,  I  have  provided  one  example  on  parasite  species  richness  of  mammals  which
showed  these  biases.  Not  incorporating  phylogenetic  information  would  have  lead  to  false
conclusions.

The  independent  contrasts  method  remains  the  best  method  to  avoid  the  phylogenetic
confounding  effects  (Harvey,  1996,  but  see  BJORKLUND,  1994,  for  a  comparison  of  this  method
with  character  mapping  by  optimization  on  a  cladogram).  Even  if  the  independent  contrasts
method  assumes  a  model  of  character  evolution  (the  Brownian  motion  model  or  any  other
models,  see  Martins,  1994),  simulation  studies  showed  that  this  method  is  very  robust  (low  error
rates).  However,  without  a  correct  phylogeny  of  the  studied  organisms  it  is  impossible  to  test
evolutionary  hypotheses.  The  main  problem  is  the  availability  of  a  correct  phylogeny.  Recently
Losos  (1994)  proposed  to  use  computer  simulations  to  generate  a  large  sample  of  possible
phylogenies  in  the  absence  of  a  correct  topology  and  to  calculate  independent  contrasts  for  each
generated  tree.  LOSOS  (1994)  gave  two  rules  of  thumb.  First,  if  all  analyses  give  the  same  result
(significant  or  not),  then  the  result  is  independent  of  what  the  true  phylogeny  is.  Second,  if  a
substantial  minority  of  phylogenies  yield  different  results  from  the  majority,  then  the  outcome  of
the  analysis  will  depend  on  the  correct  phylogeny.

There  are  some  other  methods  in  comparative  analyses  which  solve  the  problem  of  non¬
independence  (LYNCH,  1991),  for  example,  the  phylogenetic  autocorrelation  method
(GlTTLEMAN  &  KOT,  1990)  or  the  permutation  on  distance  matrices  method  (LEGENDRE  et  al.,
1995;  MORAND,  1996;  MORAND  et  al  .,  1996).  All  these  other  methods  have  not  been  tested  for
their  power  in  a  wide  range  of  character  evolution  (but  see  PURVIS  et  al,  1994;  MARTINS,  1995).
I  carried  a  simulation  study  showing  the  efficiency  of  Mantel  tests  for  detecting  evolutionary
trends  and  for  measuring  the  phylogenetic  effect.  I  hope  that  Mantel  tests  will  be  an  answer  to
the  questions  of  WESTOBY  et  al.  (1995).  Mantel  tests  done  on  the  data  set  (each  variable  against
the  phylogeny)  will  indicate  if  there  is  a  trend  in  the  changes  of  the  values  of  each  variable.  We
should  remember  that  the  lack  of  correlation  may  not  lead  to  the  conclusion  of  the  independence
of  species.  A  correlation  may  indicate  that  the  character  does  not  evolve  under  a  pure  Brownian
motion.  The  Mantel  tests  reveals  a  phylogenetic  niche  conservatism  or,  in  the  case  of  parasite
diversity,  a  phylogenetic  trend  but  they  do  not  allow  to  avoid  a  phylogenetic  independent
analysis.
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