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ABSTRACT

In this paper | focus on the problem of non incorporating phylogenetic mformation when dong a comparative analysis. A
review of the theary on this subjeet shews that not meorporating the phvlogenctic infosmation inflates the degree of fecdom
and can merease the nsk of bpe | and bype 1T emors of stalishc fests done on cross specees data (non phylogencticalky
commallad) The phylogenetic mdependent contrasts method (FELSExSTER, 1985) has been developed to resclve the problem
off nem-independence of dala (5 e, traits messured across dilferent species) i comparative stodies. Afler o presentation of the
asumptions of this methed, 1 provide cne example on pareate species richness of mammals which shows the errors that lead
io false concluswons. For example, a non phylegenciic approach (oress species compansons) woubd lead to the concluson that
parasite diversity 15 limked 1o host body size, whereas a phyvlogenctic independent companson shows no relationship between
host body sare and parasite richness. A pon phylogenelic approach would thus lead @< to reject the null hypothesis when i1 s
false (Type | emor). One assumplion underlining the independent contrasts method 15 the random walk madel (Brownian
motion), which 15 used as o null hypothesas. Many traats that are conssdered m comparative stisdics are unlikely o be well
descnbed by a sample Brownian molion process. | propose (o use MAsTEL tests 1o detect evolutionary trends in comparstive
analvses. | performed a sinmntlation that shows the efficiency of ManTEL tests for detecting evolutionary trends and for
measuring phvlogenetic effects. MaxteL tests could be one answer 10 the critical comments made on the independend
contrasts method

RESLIMIE
Analyse comparative des données continues : la nécessite d'etre « phylogenétiquement corredt »

Dans ce travail, je m'intéresse aux problémes hés @ la non prise en comple des mformations phylogenétiques quant on
réalise une analvse comparative. Une revoe de la théone concemant ce sujel monkne que de e pas incorporer les informations
phiviogénétiques augmente le degré de libené et accroit bes nsques d'erreur de tvpe | et de type 11 des tests sialistiques
effectués sur les doandes non contrilées pour la phylogénie. La méthede des contrastes indépendants (FELsEnsTER, 1985) a
#1é développée pour résoudre le probléme de la non-indépendance des données (les raits mesunés chez les diffénts txons)
dans les HMudes comparatives. Aprés une présentotion des hypotheses de cette méthode, je donne un exemple concemant les
richesses parasitaires des mammiféres termestres qui monire les crreurs condusant 4 des conclusions emondes. Amsi, une
approche non phylogénétique aurmt conduit 4 la conclusion que la diversile parasitaire est lige @ 1o talle de hate, alors que
la méthode des contrastes indépendanis montre D'absence de relation enire ces deux varables. Une approche non
phivleaénétique peut conduire i repeter 1"hypothése nulle alors qu'elle est vrae (ermeur de fype ). Une des hypotheses de la
méthode des contrastes indépendants est le modéle de marche aléatoire (mouvement brownsen). D nombreux traits, pris en
compile dans les analyses comparatives, ne sont pas bien déerit par le modele de mouvement brownien. Je propose d"utiliser
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les fests de Mantel pour détecter les tendances évolutives dans les analyses comparatives J'al conduit une simulstion qus
montre I"eficacité des tests de Mantel pour détecter les tendances évolutives et mesurer les effets phyloginétiques. Les tests
de Mantel peuvent 8tre une des réponses aux critiques effechubes sar I methode des contrastes indépendants.

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, ie. 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 evelution 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 {I‘J'E?}
has defined an adaptation as an apomorphic function promoted by natural selection. 1 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 u:m}j.l the
expression of the tendency of related species to be similar because they share a common i‘llﬁlﬂ:ﬁf.
They defined a phylogenetic constraint as the effect of history onto the changes in diwrsiﬁ-:au;m
of a given clade or as the differences in evolutionary interactions between a phenotype and its
environment. However, as emphasized by MCKITRICK (1993) such definition refers more to the
results than to the causes of a constraint, MCKITRICK (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 compansons.
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 imphes 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, [ 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 1s 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 Hp when it is true (Type 1 error),
(3) high risk of accepting Hp when it is false (tvpe Il 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 GITTLEMAN & LUH (1992), shows the problem of phylogenetic
relations. Suppose a known phylogeny with 2 genera and 6 species. By plotting trait varnations
and ignoring phylogenetic pattern we might find a relationship whereas it is erroneous (type |
error; false rejection of H,). Conversely, we might reject a relationship (type Il error: false
acceptation of H,) which actually exists.

I will give below an example showing both statistical errors.

THE INDEPENDENT CONTRASTS METHOD

The phylogenetic independent contrasts method (FELSENSTEIN, 1985; MARTING &
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)
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mulll bypothesis) ocours when claiming cornelation {solid line) when s actually false (dashed lines) The illustration is
afber GiermeEseas: & Lusi( 1992)

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 er al., 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 er 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 et
al., 1992). All correlations between contrasts are forced through the ongin (Fig. 2).
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Fiz. 2. — The mdependent contrasts method. The illustration is after GITTLEMAN & Luw (1A and PURVEE & RanBalm
(1905,

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 (FELSENSTEIN, 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:

Vh=pt+e
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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 trais
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
MARTING & GARLAND, 1991: MARTINS, 1994; BIORKLUND, 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 ef 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

| compiled data on nematodes recovered from 66 species of terrestrial mammals. These
data were collected from several sources based on a survey of 90 siudies published over the last
30 years. Comparative analyses of parasite species richness should avoid 2 pitfalls: sample size
(GREGORY, 1990; WALTHER et al, 1995) and phylogenetic confounding effects (HARVEY,
1996). As GREGORY (1990) and WALTHER er 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 15 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 (FELSENSTEIMN, 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 eécological forces. Closely related species tend to be similar. Therefore, species values
cannot be treated as statistically independent points (HARVEY & PAGEL, 1991).

[ based the analysis on the working phylogeny of mammals (Fig. 3) proposed by POULIN
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Fia. 3. — Phylogeny of mammals used in the analysis {this phylogeny redmwn from Pour, 1995 is based on vanious sources

modecular and morphological data)
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(1995). I used the C. ALC. 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
ongin (GARLAND ef al., 1992).

Perrasite 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 nchness. A non
phylogenetic approach would lead us to accept the null hypothesis when it 15 false (Type [ 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-phylogenctic comparison)
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Fra. 4. — A sigmificant relationship between host body size and parasite diversity (nematodes) is found when using & noa-
phylogenetic approsch whereas it 15 false as detected by the independent contrasts method. Parasite species nchness is
camtralled for sampling eflart
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{a) Cross-species’ comparison (non-phylogenctic comparison )
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Fia. 5. — A lack of relationship between host biomass and parasite diversity (nematodes) is found using a pon-phylogenelic
approach whereas the independent contrasts methed detects a positive relationsbup

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. 3), !]‘Iﬁl 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 1s wrong (Type Il error).

DETECTING EVOLUTIONARY TRENDS AND THE USE OF MANTEL TESTS

Analyzing evolutionary trends was the topic of the essay of MCKINNEY !IWEJL 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 uﬂrd as a r_uu]l hypothesis. ML‘SEI_E;-L
(1994) argued that large-scale evolutionary trends may be passive or driven. Whereas the passive
trend may correspond to a Brownian mation of character evolution (random walk), the driven
trend corresponds to a selection-driven system (MCSHEA, 19594).
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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 ef al.
(1995). However, the robustness of the MANTEL test in comparative analyses has not yet been
evaluated.

% Brownian Motion

the “true phylogeny”™

Fhenolype

T

Brownian Motion + Driven Trend

N EAE]

Fhenody pe
B & E B

e—
J

{Purvis et al., 1992)

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 mode] of evolutionary change (with o = | throughout clade) and under 8 Brownian + a
dmven evalutionary trend.
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Methodology and examples

Using a modified version of PURVIS ef al.’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)* fbranch length + pi(B)

AY =g AX + (1 —a) N(0,1)* ‘_J'!:rmw.i: length

where N(0,1) is a normal pseudo-random number of mean 0 and vanance 1, a is the input
correlation and pi(f) 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 / are computed as
X(+1)=X{i) + AX
Y(i+1) =¥/ + 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) i5 added to AX according to a probahility of increase pi (pi = 0.9; [ used the
same value as in MCSHEA, 1994). The passive system corresponds to the simulation method of
Purvis ef al (1994) whereas the driven system follows a similar methodology to that
exemplified by MCSHEA (1994).

I calculated 1000 pairs of X varable with @ = 0 and used them for detecting errors of

Mlantel tesis
X ¥
anil Py logeny and Fhylogeny
Fure Brownkan = F—————
besd o validy (Type 11 po-ih g pelkas
tesi off pevever | Typee 111 posiliE Pl g

Hrowmian + Driven ireml

test of valldy (Type ) | p=0u05 | =l 05
test of power Ty pe 11 '| peciLii® | pel0z

Fia. 7. — Mantel test method. In Mantel tests, the X varniable is transformed into distance matnx X, by computing the
“distance” among valucs {absohue value of the difference). The phylogeny is represented by a matnx P of patnstic
distances among species. Patristic distances are computed as the lengths of segments aloag the evolutionary tee that
scparste two species. The regression of the indivedual values in the matricss yickds the regression coeflicicnts
constriscted by Monte Carlo simubation (Maay, 1991) The significance (p) was determined by Monlke Carlo
simlation.
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Type I1. Similarly, I used a further set of 1000 pairs with a value for @ = 0.3 for detecting errors

of Type I (1 used the same value as PURVIS ef al., 1994). _ |
In Mantel tests. the X and Y variables are transformed into distance matrices X and Y, by

computing the “distance” among values (absolute value of the difference) The phylogeny is
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Fig. 8. — Results of the simulation study for 8 passive system (Brownian motion of character evolution) and & driven system
{phalogenctic rend). Test of validity (detection of type [ emmors) is cammied out using a fixed mput comrelation of a =
Test of power (detection of tvpe II) is performed using a fixed input comelation of a = 3. Mante] tesis were done
hetween variable X and the matrix of the phylogeny (999 permutations each for the MasTeL test).
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Fi. & — Working phvlogeny of rodents. Evolutionary divergences between rodents were oblained from vanous sounces:
paleondnological records, morphological and molecular data (see FELIU er al, 1997

Souroe - MY Pans



PHYLOGENETIC TESTS OF EVOLUTIONARY SCENARIDS 85

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 ef al., 1986; MANLY, 1991). The significance (p) was determined by Monte
Carlo simulation (999 replications) (LEGENDRE ef al., 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 er al (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 ef al, 1995)
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Fig. 10, — Relationship between rodents wsing parasites as characlers in @ parsimonsous constraction tree (FELIU of af, 1997)
Specific parasite species are coded as characters (values of bootstrap analysis ase given on the liguse, 100 replicates)
Note that major phylogenctic relationships ase found
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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 ef 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 companson, 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
maost of the parasites have been inherited from their common ancestors.

These two examples illustrate how Mantel tests can be applied in comparative analyses.
However, [ would like to emphasize that the lack of detection of a phylogenetic correlation does
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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 concerming the use of
comparative methods in evolutionary biology. Two different cnticisms have been put forward,
-one by LEROI ef al. (1994) and the other one by WESTOBY er al. (19952, 1995b).

LErROI 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 scenanio 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. |
cannot see why this 15 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 ef all (1994) concluded their study
with the acknowledgment “that the methods of comparative biology and genetics might be
usefully combined”.

The second criticism came from WESTORY ef all (1995a, 1995b). Their concern was that a
phylogenetic correction (i.¢. 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 (WESTORY ef al., 1995a). HARVEY ef 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 vanable is graphed against all the
varigtion in the other vanable. In this way, phylogenetic niche conservatism means that
adaptations to different components of the niche will be correlated (HARVEY er al, 1995), which
15 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. (19954,
1995b) and HARVEY ef al. (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 e/ al.,
1992: MARTING, 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 BIORKLUND, 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 vield 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
(GITTLEMAN & KOT, 1990) or the permutation on distance matrices method (LEGENDRE et al.,
1995; MoranD, 1996, MoraND er al., 1996). All these other methods have not been tested for
their power in a wide range of character evolution (but see PURVIS ef af., 1994; MARTINS, 1995).
I carmed a simulation study showing the efficiency of Mantel tests for detecting evolutionary
trends and for measuning the phylogenetic effect. 1 hope that Mantel tests will be an answer to
the questions of WESTORY ef all (1995). Mante] tests done on the data set (each vanable aganst
the phylogeny) will indicate if there is a trend in the changes of the values of each vanable. 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.

ACENOWLEDGEMENTS

I thapk Amtoine Daxcsn and Philippe Grasaoopas for ther comoments that greatly improved e st version of thas
manuscrpl. Prerre LEGENDRE, Jean-Frangois Guicax, Robert Pourn:, Gabriele Sorcl, Cloude Conpes, Sandrine TrouvE and
Frerre Sagal have commbuted fo this study by many discussions. [ thank Philippe Grasoooias for his kind invitaiien to the

Coros - MEAHMN Pans



FHYLOGENETIC TESTS OF EVOLUTIONARY SCENARIOS B

Symposium and Lavre DesurTer and Judith Marr for help during the preparation of the meeting. | would like to thank John
WEnzEL for his stimulated wdeas. Special thanks to Chnstine MOLLER-GRAF

REFEREMCES

Brosxiusm, M., 1904, — The independent conirast method in comparative bialogy. Cladisties, 100 425433,

Broogs, [ B & Melessas, [0 AL 1991, — Plivlogeny, Ecology, and Bekavior. 4 Research Progros  Comparative
Biglogy, Chocago, The Umversity of Chicago press: 1434,

ConproTon, J. A, 1988, — Cladistic tests of adaptational hypotheses. Cladistics, 4: 3-22.

Dezpickson, E. M. & Rickiers, R E,, 1988, — Taxon-dependent diversification of hife hisiory traits and the perception of
phiylogenetic constrainsis. Furctronal Ecology, 2: 417423,

Diaz-Uriarte, B. & Garland, T., 19%. — Testing hypotheses of comelated evolution wsing phylogenctically independent
conirasls: sensilnaly 1o desinteons from brownen molion. Syafemeriie Biology, 45 2747

FeLmu, C., Renaun, F., Catzerus, F. Durasn, P, Huoor, 1-P. & Moraem, 5., 197, — A comparative analysis of parasite
species ichness of Thenan rodents. Parasioleg: in press.

FELSEXSTEN, J., 1985, — Phylogemies and the comparstive method. The American Naoeralisr, 125 1-15.

FeLsENSTEIN, 1., 1988, — Phylogenies and quantitative characters. Amrual Review of Ecology and Sytematics, 19: 445471

FisciEr, K. E. & Crarsaan, C. AL, 1993, — Frugiveres and fnats syndromes: differences in patterns at the genus and species
level. Chikos, 66: 472482

Chariaxm, T., 1992, — Rale tests for phenotypec evolution using phylegenctically independent contrasis. The Aserfcan
Matwrplize, L0 5055149

Gariaxsy, T, & ArnoLD, 5. C., 1994, — Why not to do two species comparative stihes: lmatations on infermmg adaptation
Plvsiglogical Soology, 6T TAT-818.

Gariaxm, T, Hasvey, P H. & Ivis, A R, 1992 — Procedures for the pnalysis of comparative data using phylogenetically
imdependent conrasis. The Aorerioon Noeraralin, 41: 18-32,

GrrmiEsan, 1 L & M. Kot 1990, — Adaplation:statistics and a null model for esumating phvlogenetic effects. Systeminiic
Hiolegy, 3% X17-241

ﬂm;ﬁhi L& Luw, HL K., 1992, — Om comparing comparutive methods. Ammnel Review of Ecology and Sviematies, 13-

{.‘-RAFIT;,TJ&, 1989, — The phylogenetic regression. Plulosophicnl Tratsactions of the Roval Socren of Londor B, 3360 115

Gregoay, R. D, 1990, — Parastes and host geographic range as illustrated by waterfow]. Fimetona! Ecology, 4 645654,

Gutcar, J. F., LavmerT, A, Levegue, C., Conees, C. & Euzer, L., L1992, — Can host body size explain the pamsite
species nichness in fropacal freshaater fishesT Checolagia, ™k 197-20k1,

Gutaan, ). F. & Moranm, 5., 1996, — Polypoad hosts: strange altractors for parasites? Oikos: i press.

Harvey, P. H., 1982, — Om rethinking allometry. Sowmanl of Theorermeal Biology, 95 3741,

Harvey, P H., 199%. — Phylogenies for ecologists. Jorrmal of Amimuel Ecology, 65 255-263.

lta.a'-‘ft‘r_ﬂl‘ H. & Pacer, M., 1991, — The Cowmiparrrtive Aot i Bvalefiomarye Biolegy. Oscford, Onford University Press 1-

A48,

Harvey, P. H, REan, A F. & Meg, 8., 1995, — Why ccologistis need o be phylogenetically challanged. Jowrmal of Eoalomy,
B3 535-534.

lfﬂlﬂbi Lg & Price, P. W_, 1980, — Parsile commumaties: the roles ol phvlogeny and ecology. Siatemurtic Zoology, 29:

13.

KELLy, C. K. & Purvis, A, 13, — Seed size and establishment condations in tropical rees. (Eecologra, %4 336-360,

LeaexpeE, P., Laroivtg, F-1 & Casoram, P, 1995, — Modeling brain evolution from behavior: a permutational regression
appeoach. Fvalufican, 48 48714540

Lesot, A. M., Rose, MR & Lavnez, G V. 1994, — What does the comparative methed reveal about sdaptation? The
Arerican Natweelise, 143 381 <402

Losces, ). B, 1994, — An approach io the analvsis of comparative data when a phvlogeny 15 unavailable or incomplete.
Skefemanic Biodogy, 43 117-123

Lyncu, M., 1991, — Methods for the analysis of comparative data in evolutionary biology. Evolutian, 45; 10631080,

Manoisos, W, P 1989, — Reconstructing character evolution on polviomous cladograms. Cladistics, 5: 365-377,

Mooy, B F 1, 1991, — Randamization and Momie Carle Methods in Brology. London, Chapman and Hall: 1-296,

Copros - MEHMN Pans



i) S, MORAND : COMPARATIVE ANALYSES OF CONTINUOUS DATA

Magtres, B P& Ganiasn, T, 1991, — Phylogenctic analyses of the comrelated evolution af continueus chamcters: a
amulation study. Fvolution, 45: 534.557.

Martoes, B P 1994, — Estimating rates of charscler change from comparative data. The American Natwralise, 144 193209,

MagTrs, A P 1995 — Phylogenies and comparative data, o microevolutionary perspective. Philosophical Transaclions
Roval Society Landan B, 349: 8501

MeKnaaEy, M. L., 1990, — Classifving and analysing evolutionary trends. fa: K. J. McNadara, Evoluttonary Trends.
London, Belhaven Press: 28-58

Mekrmeick, M. C., 1993, — Phylogenctic constraint in evolutionary theory: has it any explanatory power? Anmual Review af
Eealogy and Systemalics, 24: 307-330,

McSHEA, D W, 1994, — Mechanisms of large-scale evolutionary trends. Evelurion, 48: 1747-1763.

Mogarp, 5., 1996 — Life-history traits in parasitic nematodes: o comparative approach for the search of invanants,
Funetional Eeolagy, 100 210-218.

Mogarn, 8., Lecenore, P, Ganonee, 8. L. & Huoor, 1-P., 1996, — Body size evolution of oxyurid (Nemaiods) parasites:
the role of hosts, (Foofopie, 107: 274-282.

PackL, M. [}, 1992 — A method for the analysis of comparative datn. Jowrmal of Thearetical Biodogy, 156: 431441,

Pacer, M. D, 1994, — Detecting correlnted evolution on phylogenics: a general method for the comparative analysiz of
discrete chamclers. Proceedings of the Roval Society of London B, 255 3745

Poum, B, 1995 — Phylogeny, ecology, and the richness of parasite communitics in veriehrates. Ecolagical Monagraphs,
65: 283.302.

Prmvis, A & Gariann, T, 1993, — Polytomees i comparstive analyses of continuous characters. Svstesatic Biology, 42
SH9-5TS,

Purvis, A, Grimesan, L L. & Lun, H-K, 1994 — Truth or consequences: effects of phylogenetic accuracy on two
comparative methads. foumal of Theoretical Biofogy, 167 2593-300,

Pumves, A & Basmar, A, 1995 — Comparative analysis by independent contrasis (Caic): an Apple Macintosh application
for analysing comparative data, CABIOS, 112 247-251.

Saouse, P E. Long, J. C. & Sokal, R. K., 1986, — Multiple regression and correlation extensions of the Mantel test of
matrix corespondence. Sytemaric Zoology, 35 627-632,

Soapr, E, 1994, — Parsimony, fr; E F. KELLER & E A Liovn, Keowords in Evalwiconary Bielogy, Cambndge, Harvand
Unaversity Press: 249-254.

Strarns, 5. C. 1992, — The Evolution of Life Histories. Oxcford, Osford University Press: 1-249.

Tavior, C. M. & Goteeil, N 1, 199, — The macroecology of Cvprinella: comrelates of phylogeny, body size, and
goographical range. The Amercan Natwralise, 144: 549560,

Westony, M., Lesisaan, M R, & Logn, J M, 1% — On misanlerpreting the “phylogenctic correction™. Sowrmal of
Ecology, 83: 531-534

Westoay, M, Lasipaas, M R & Lorp, J. M. 1995b. — Issues of interprelation afier relating comparative datasets 1o
phyvlogeny. Jowrrmal of Ecology, B3: B02.803,

WarneEr, B A, CLavroy, D. H, Cotargave, P. C., Geecory, R D. & Price, R. . 1995, — Sampling effort and parasite
species richness. Parasitology Today, 11: 306-310.

Souroe - MNHMN Pans



ImEE BHL

Biodiversity Heritage Library

Morand, Serge. 1997. "5. Comparative analyses of continuous data: the need
to be phylogenetically correct." Mémoires du Muséum national d'histoire
naturelle 173, 73-90.

View This Item Online: https://www.biodiversitylibrary.org/item/272490
Permalink: https://www.biodiversitylibrary.org/partpdf/288239

Holding Institution
Muséum national d'Histoire naturelle

Sponsored by
Muséum national d'Histoire naturelle

Copyright & Reuse

Copyright Status: In copyright. Digitized with the permission of the rights holder.
Rights Holder: Muséum national d'Histoire naturelle

License: http://creativecommons.org/licenses/by-nc-sa/4.0/

Rights: http://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 15 April 2022 at 17:06 UTC


https://www.biodiversitylibrary.org/item/272490
https://www.biodiversitylibrary.org/partpdf/288239
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

