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Abstract

Wagner's Parsimony Method, a grouping method used in phylogeny and synecology, is applied for the first time to taxon lists of
fossil plant assemblages from the Albian–Cenomanian of Europe. When compared to a “classical” Correspondence Analysis,
WPM allows for a higher resolution, using taxa named in “cf.” or “aff.” and points out both clusters and gradients. WPM results in
a tree in which localities order according to their species content and minimizes the number of changes of character states
(presence/absence), whereas Correspondence Analysis plots the localities along axes and maximizes the inertia (“variance”
explaining most differences between localities). Close relationships exist between the plant palaeobiocenoses and palaeobiotopes,
the latter being inferred from taphonomical data (especially the salinity and the clastic size). The space/time working scale can be
very fine, up to the landscape ecology level.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The Mid-Cretaceous is a period of sudden gymno-
sperm/angiosperm turnover. Several hypotheses were
proposed to explain the rise to dominance of the
angiosperms and their early ecology, and the hypotheses
imply different ecological scenarios: woody Magnoliids
(Thorne, 1976), weedy xeric shrubs or riparian weeds
(Stebbins, 1965; Hickey and Doyle, 1977), ruderal herbs
or shrubs (Taylor and Hickey, 1996), aquatic herbs (Sun
et al., 2002) or understorey shrubs (Feild et al., 2003).
⁎ Corresponding author. Fax: +33 4 72 44 82 03.
E-mail address: bernard.gomez@univ-lyon1.fr (B. Gomez).
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North-American floras were studied extensively to solve
this “abominable mystery”. In contrast, although nu-
merous localities and two-hundred-year-old tradition of
study existed, Europe was not taken into account in
these interpretations.

Taxon lists of fossil plant megaremains from Albian–
Cenomanian of European localities are analyzed using two
methods: Wagner's Parsimony Method and Correspon-
dence Analysis. Wagner's Parsimony Method (WPM) is a
clustering method currently used in phylogeny (cladistics).
WPM was also applied for synecology to an extant taxa
(Lambshead and Paterson, 1986; Bellan-Santini et al.,
1994;Masselot et al., 1997;Nel et al., 1998). The results are
compared to, and validated by a “classical” method,
correspondence analysis (COA). TheCOA is amultivariate
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analysis applicable to data coded for presence/absence and
it is commonly used in phytosociology (Guinochet, 1973).
In addition we aim: (1) to delimit the applicability ofWPM
to palaeosynecology; (2) to point out the problems and the
way to solve them; and (3) to establish the advantages
proper to WPM.

2. Material and methods

2.1. Material

Our database is compiled from the literature from the
Albian and Cenomanian of Europe, especially from the
Czech Republic (Knobloch, 1971; Uličný et al., 1997;
Knobloch and Kvaček, 1997; Knobloch, 1999; Nguyen
Tu et al., 2002), France (Nguyen Tu et al., 1999; Gomez
et al., 2004), Italy (Pigozzo, 2002; Gomez et al., 2003)
and Spain (Gaibar-Puertas, 1962; Alvárez-Ramis and
Meléndez, 1971; Alvárez-Ramis et al., 1981; Alvárez-
Ramis and de Lorenzo, 1982; Román-Gómez, 1985,
1987; Gomez et al., 1999, 2000, 2001, 2002) (Appen-
dix, Fig. 1). A given outcrop can be divided into several
“localities” in the database matrix. For example,
Pecínov (SW Prague, Czech Republic, Fig. 1) is
composed of five sedimentological units, four of them
bearing fossil plants, and each unit is considered to be a
distinct locality because it corresponds to a distinct
Fig. 1. Geographical map with location
environment. In addition, Pecínov fossil specimens were
collected in laterally distinct sedimentological units (i.e.
tidal channel infill or peat-like sediments) in the unit 3,
of which the facies are easy to recognize in the field, but
they are usually not distinguished in the literature. The
data were ordered according to a “presence/absence”
matrix.

2.1.1. WPM range of applicability
The grouping of the species lists is compared to the

taphonomical data, representing the palaeobiocoenosis
and the palaeobiotopes, respectively. Depending on the
taphonomic processes, a taxon has different probabili-
ties of being preserved. Nevertheless, if autochthonous
or parautochthonous deposits are considered, the
taphonomic biases due to transport can be reduced. In
addition, the fossil assemblages are considered good
representations of the palaeobiocoenoses. Even if the
palaeobiocoenosis representation is biased, it allows for
the comparisons between assemblages. In addition, taxa
have been analyzed at the species level considering that,
within many living genera, species may have wide and
contrasted ranges of ecology.

2.1.2. Environmental factors
The localities were clustered based on two qualitative

environmental factors, each with two states: (1) brackish
s of the localities in the database.



Fig. 2. Percentage of deviation explained by the axes of the first COA.
Fig. 4. Percentage of deviation explained by the axes of the second
COA.
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or freshwater, determined from palaeontology (e.g.
presence or absence of marine fauna) and sedimentol-
ogy (e.g. large cross beddings, alternating sand and clay
beds, glauconite, etc.); (2) coarse clastic (sandy) or fine
clastic (clayey). In some localities (e.g. Pecínov,
Horoušany and Hloubětín in Uličný et al., 1997 and
Nguyen Tu et al., 2002; Archingeay–Les Nouillers in
Fig. 3. Plot of the localities of the first COA: (▴) Albian;
(○) freshwater and fine clastic; (•) brackish water and fine clastic;
(□) freshwater and coarse clastic; (▪) brackish water and coarse
clastic; (×) “few taxa”; (+) Spanish.
Néraudeau et al., 2002 and Néraudeau et al., 2005),
environments can be precisely distinguished as supra-
tidal marshes, tidal flats and channels, braided or
meandering rivers, etc. In contrast, the geological
setting could be partial (e.g. Velké Opatovice outcrop)
or correspond to fully allochthonous deposits (e.g.
marine platforms of Carcoselle). Consequently to
evaluate WPM we have considered lower precision in
the definition of the environments and restricted the
Fig. 5. Plot of the localities of the second COA: as Fig. 3.
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survey to the two parameters above in order to include a
higher number of localities.

Only 36 localities out of 68 were retained based on
these restrictions. For example, Portuguese localities
were removed because of the absence of sedimentolog-
ical information and problems with synonymy.

2.2. Correspondence Analysis (COA)

Only reliably identified species are retained for the
analysis, excluding the identifications in “cf.” and “aff.”
Moreover, taxa occurring in a single locality were
removed to reduce the background noise in the analysis.
A taxon can be present at only a single locality for
several reasons: (1) it may be an accessory taxon, having
potentially existed in other localities, but not described
there until now; or (2) it may correspond to idiosyn-
crasic names (i.e. proper to one author). In both cases, to
process a COAwith taxa present at only a single locality
Table 1
Distribution of the taxa according to the COA (A: freshwater, coarse clastic; B: b
fine clastic; E: Spanish localities)
would probably jam the analysis. The Ade-4 software
for PC is used (Thioulouse et al., 1997).

2.3. Wagner’s Parsimony Method (WPM)

Wagner's Parsimony Method (WPM) consists of the
construction of one or more trees in which objects (e.g.
taxa in phylogeny, localities in synecology) are connected
one to each other according to their characters (e.g.
nucleotides or morphological characters in phylogeny,
presence/absence of a taxon in synecology). The aim is to
build a tree in which the state of characters is estimated at
each node (dichotomy) so as to minimize the number of
state changes for each character on the whole tree. The
total number of state changes of all the characters for the
same tree is called the length of the tree, and counted as
the number of steps. Then, the method consists of seeking
the tree(s) in which the length is minimal, also called the
most parsimonious tree(s), from various algorithms.
rackish water, coarse clastic; C: freshwater, fine clastic; D: brackishwater,
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When there are several trees with minimal length, it is
possible to create a tree, called a strict consensus tree,
which displays the clusters existing in all the most
parsimonious trees. When conflicting solutions are
possible, the consensus tree shows a polytomy (i.e. a
branching with more than two branches). Each tree is also
rooted by means of an outgroup in order to polarize it.

2.3.1. How are the data coded?
In palaeosynecology, the objects are the localities and

the characters are the fossil taxa. A double-entry matrix
is built from floristic lists putting the localities in rows
and the species in columns. Each box of the matrix takes
the value 1 or 0 when the species is present or absent
respectively in a given locality. The most parsimonious
tree(s) compares the localities to each other based on the
species content. Ideally, taxa must be established at the
specific level and those doubtfully named as “cf.” or
“aff.” can be coded by a question mark “?”. The latter
coding is not possible in the COA.
Fig. 6. A, consensus tree of the first matrix; B, consensus tree of the second m
Nehvizdya obtusa/Eretmophyllum obtusum; the four environmental combina
fine clastic are indicated on the trees).
2.3.2. Differences between attributes, characters and
objects

Attributes are independent sets of information (e.g.
taphonomic data). In contrast to localities and taxa, they
are not used to build the most parsimonious tree(s), and
so allow for testing the tree(s) obtained.

2.3.3. Outgroup(s): why and how?
Tree rooting requires one to know what are the

“primitive” or “derived” character states, and the
characters are said to be polarized. Various approaches
were developed to polarize trees: (1) According to
Lambshead and Paterson (1986) and Bellan-Santini
et al. (1994), the presence of a taxon must be considered
“derived” and its absence “primitive”, and only the
presence can be “homology” (i.e. if a taxon is present in
different localities these necessarily have in common a
set of environmental factors). Consequently, the out-
group would correspond to a theoretical empty locality.
Moreover, localities would correspond to primitively
atrix (double line: Nehvizdya/Eretmophyllum andegavense; thick line:
tions of the parameters freshwater vs. brackish water, coarse clastic vs.



Fig. 7. Consensus tree of the second matrix (thick lines: distribution of
Frenelopsis alata along the tree of the Fig. 6B with location of the
groups; the four environmental combinations of the parameters
freshwater vs. brackish water, coarse clastic vs. fine clastic are
indicated on the trees).
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empty localities, in which the environmental factors
would have induced colonization by particular taxa
(Bellan-Santini et al., 1994). (2) According to Masselot
et al. (1997) and Nel et al. (1998), the definition of the
outgroup must be stated before the primary polarization
of the characters, i.e. before determining which state of
the character is “primitive” or “derived”. They suggest
that considering the presence as a derived state
corresponds to admit that all the present species are
stenotopic (i.e. they can only live in a narrow
environmental range). In addition, a locality where
several, if not all species secondarily disappear (e.g.
pollution, etc.) would be comparable to an ancestral
state if the absences are considered plesiomorphic.
These authors explain that the polarization of the
characters must be done in connection with the
outgroup(s). The primitive state of a character is the
presence in the outgroup(s). These outgroup(s) can be
one or more real or theoretical localities. The use of real
localities is preferable because it introduces less a priori
assumptions. The most parsimonious trees and resulting
strict consensus tree were constructed with the software
Paup 4.0 b2 for PC (Swofford, 1999).

3. Results

3.1. COA

The first axis of the COA represents about 15% of the
total variance, while the second axis is about 10% (Fig. 2).
On the plot of the localities (Fig. 3), the first axis
discriminates the brackish from the freshwater localities.
The second axis might depend on the clastic size or the
age of the bed bearing the fossil plants. Nevertheless,
coarse clastic localities are under-represented in the
database, and this bias may result in COA information
loss. Thus, if taxa characteristic of the environments exist,
they only occur in low number and have a weak weight in
the total variance.

We reduced the bias processing a second COAwith a
reequilibrated experimental plane randomly removing
some data. This operation however leads to the
elimination of one Albian locality (Villadiego). Thus,
the taxa present there do not occur in any other
localities, and the COA clearly separates them from
others on the two first axes. After removing this locality
(Fig. 4), the first axis represents about 16% of the
inertia, a little more than previously, and the second
about 14%.

The environmental factors are well-discriminated
(Fig. 5), and the localities can be divided into four sets.
The freshwater and coarse clastic localities are grouped
on the first axis in the negative values, while the
brackish and fine clastic localities are in the positive
values. The brackish and coarse clastic localities are on
the second axis in the negative values and freshwater
and fine clastic localities in the positive values.
Consequently, the palaeobotany is well-linked to the
palaeoecology (i.e. by the fact, whatever living or fossil
taxa are concerned, certain associations of taxa are
typical of certain life environments). It also supports the
hypothesis that the taxon lists are good representations
of the palaeobiocoenoses.

Moreover, in between the four groups (Table 1), the
taxa are distributed according to the combination of two
environmental factors (salinity and clastic size) and taxa
specific to freshwater or coarse clastic environments do
not exist. The Spanish localities and Maletín are also
distinguished by sharing only two taxa with the other
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localities (e.g. Myrtophyllum geinitzii and Grevilleo-
phyllum constans).

3.2. WPM

The Albian localities are used as the outgroup
because the taxonomic turnover between the Albian
and Cenomanian is higher than within each period. The
first consensus tree obtained has a notable basal
polytomy (i.e. more than two branches produced per
branching). The polytomy gathers five groups and
singly-connected sets of localities (Fig. 6A). In
particular, two groups of brackish water and fine clasts
localities are distinguished, each containing a single
species of Nehvizdya/Eretmophyllum.

Taking into account the fact that two groups of salt
marsh localities are distinguished in the previous
analysis, a second consensus tree is built considering
the species of Nehvizdya/Eretmophyllum as a single
morphotype (Nehvizdya obtusa was erected by Hluštík
(1977, 1986) in place of Podozamites obtusum.
Ultrastructural study of the cuticles, especially the
occurrence and arrangement of stomatal rim and
papillae, are in process by BG, JK and FT to resolve
the question of the synonymy Eretmophyllum vs. Neh-
vizdya recently discussed by Kvaček J. (1999), Gomez
et al. (2000) and Kvaček J. et al. (2005). This debate is
Table 2
Distribution of the taxa according to the WPM

Group A

Angiosperm Grevilleophyllum constans 1
Angiosperm Myrtophyllum geinitzii 1
Angiosperm Platanus laevis 1
Gymnosperm s.l. Nilssoniopteris pecinovensis 0
Gymnosperm s.l. Sphenolepis pecinovensis 0
Angiosperm Araliphyllum formosum 0
Pteridophyte Drynaria tumulosa 0
Pteridophyte Nathorstia fascia 0
Gymnosperm s.l. Dammarophyllum striatum 0
Angiosperm Dryandra cretacea 0
Angiosperm Araliphyllum daphnophyllum 0
Angiosperm Araliphyllum kowalewskianum 0
Angiosperm Hederaephyllum primordiale 0
Angiosperm Myrtophyllum angustum 0
Pteridophyte Gleichenia zippei 0
Pteridophyte Laccopteris dunkeri 0
Gymnosperm s.l. Cunninghamites oxycedrus 0
Gymnosperm s.l. Frenelopsis alata 0
Angiosperm Debeya coriacea 0
Gymnosperm s.l. Ceratostrobus sequoiaphyllus 0
Gymnosperm s.l. Dammarites albens 0
Gymnosperm s.l. Nehvizdya/Eretmophyllum spp. 0
Angiosperm Diospyros cretacea 0
Angiosperm Pseudoasterophyllites cretaceus 0
out of the scope of the present paper). This grouping is
supported because of the close morphological resem-
blance between these taxa and by their occurrence in salt
marsh deposits (Uličný et al., 1997; Nguyen Tu et al.,
2002; Gomez et al., 2004). It corresponds to the
assumption that Nehvizdya/Eretmophyllum species (i.e.
N/E. andegavense, N/E. obtusa and N/E. penalveri,
respectively from France, the Czech Republic and
Spain) are vicarious species (i.e. by definition they
have the same ecology but are geographically separat-
ed), that is to say affected by the geographical
distribution. The grouping of vicarious forms is justified
because they could have a single environmental
response despite their geographical segregation. The
strict consensus tree obtained contains the same groups
as those in the Fig. 6A, except for the new group (E)
associated with the group F (Fig. 6B).

The first strict consensus tree (Fig. 6A) summarizes
36 localities and 127 species, and summarizes 113533
equally most parsimonious trees (length 187 steps,
consistency index 0.6791, retention index 0.5276, and
rescaled consistency index 0.3583). The second strict
consensus tree (Fig. 6B) is obtained from 36 localities
and 125 characters and sums up 1758 equally most
parsimonious trees (length 185 steps, consistency index
0.6757, retention index 0.5349, and rescaled consisten-
cy index 0.3614) (Appendix).
Group B Group C Group D Group E Group F

0 0 0 0 0
0 0 1 0 0
0 0 0 0 0
1 0 0 0 0
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 1 1 0
0 0 0 1 0
0 0 0 1 0
0 0 0 1 0
0 0 0 1 1
0 0 0 1 0
0 0 0 0 1
0 0 0 0 1
0 0 0 0 1
0 0 0 0 1
0 0 0 0 1



Table 3
Distribution of the taxa at the level of the group F

Fig. 8. Theoretical organization of a gradient on a Wagner tree.
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The environmental factors deduced from the sedi-
mentology agree perfectly with these two trees. Each
clade corresponds to one environment only, but each
environment may correspond to various clades. This
results from the fact that the environments are only
defined by the salinity and the clast size, whereas more
factors could explain the species composition.

The two trees show a basal polytomy, with all of the
groups obtained nesting at the same hierarchical level.
The unique exception is the association between the two
groups E and F in the second tree (Fig. 7), freshwater
and brackish respectively. Interestingly, the E and F
grouping is partly due to the presence of Frenelopsis
alata often considered to be a strict halophilous conifer
(Nguyen Tu et al., 1999; Kvaček, 2000; Gomez et al.,
2001). As regard to the basal polytomy, the observation
of the presence/absence distribution along the tree is
driven by the nearly complete absence of common
forms between the groups: the groups obtained share
almost no taxa.

Six groups, A to F, are distinguished on the strict
consensus tree (Figs. 6B and 7) based on the presence of
the basal polytomy. Nevertheless, E and F correspond to
subgroups of a broader group characterized by the
presence of F. alata. This segregation also takes into



9C. Coiffard et al. / Review of Palaeobotany and Palynology 148 (2008) 1–12
account that the two groups refer to different environ-
ments containing different taxa. The taxa occurring in
most of the localities of each of the six groups obtained
(Fig. 7, Table 2) may be interpreted as typical of the
environments of these groups. Depending on the group
concerned, the characteristic taxa vary between one and
nine in number, and some taxa may occur in various
groups (M. geinitzii for groups A and D, M. angustum
for groups D and E, and F. alata for groups E and F).
The configuration of the branches in the group F (Fig. 7)
reflects a gradient in the distribution of the taxa (Table 3,
Fig. 8). For example, Pseudoasterophyllites cretaceus is
only found in the localities on the left hand part of the
gradient corresponding to the first diverging branches,
while Grevilleophyllum constans is only located on the
right hand part of the gradient (Table 3).

4. Discussion

4.1. Synecology of the Albian and Cenomanian floras
of Europe

The COA approach points out a relationship between
species distribution and palaeobiotope, by discriminat-
ing four environmental settings (1) freshwater and fine
clastic, (2) freshwater and coarse clastic, (3) brackish
and fine clastic, and (4) brackish and coarse clastic. The
distribution of taxa in the localities (Table 1) shows that
the Spanish localities and Maletín are sorted out because
they have almost no species in common with the other
localities (Table 1), although they are not discriminated
by the COA. Thus, these localities have almost any
typical taxa (Table 1).

The strict consensus trees obtained by the WPM
support these interpretations, and in addition discrimi-
nate the brackish and fine clastic group F, the brackish
and coarse clastic group B and freshwater and coarse
clastic group A. In group F, the localities Pecínov units
3, 3i and 3s, Horoušany and Hloubětín, are all
interpreted as salt marsh deposits (Uličný et al., 1997).
In group B, Pecínov units 5 and 5′ are considered to be
ebb delta to estuary mouth infills (Uličný et al., 1997). In
group A, Pecínov units 1′, 2 and 2′ are described as
braided rivers, though Pecínov units 2 and 2′ may
correspond to a broader and tide-influenced river
(Uličný et al., 1997).

The WPM indicates three groups of the freshwater
and fine clastic environments. The group C includes Na
Rovinách, Velké Opatovice A, and Brník, and is
characterized by a single taxon, Araliphyllum formo-
sum. These localities have nearly none of the charac-
teristic taxa of other groups. As far as the sedimentology
of these localities is concerned, there are a few data
available in the literature other than the presence of gray
clays. Brník is considered to be meandering river and
floodplain deposits (Nguyen Tu et al., 2002). Group D
comprises Praha Slivenec, Pecínov close to Nové
Strašecí, and Rudka. Similarly to C, they consist of
gray clays. The localities of Praha Klíčov, Zbrašín and
Touchovice of the group E share taxa inferred to grow in
brackish environments (Frenelopsis alata). E is clearly
distinguished from D by thinner clayey beds, framed by
sandstone benches. A polytomy also exists for the
groups with Frenelopsis (E and F). The localities
directly linked to the rake, such as Puy–Puy, consist
of beds bearing a few taxa (incomplete identifications).
This situation can be compared to the basal polytomy in
which the Spanish localities, Evaň, Maletín and Velké
Opatovice, are isolated in the basal polytomy. Some of
these localities (Spanish localities and Maletín) were
also distinguished by the COA in sharing few taxa with
the other localities. The placement of localities at the
basal polytomy may have two origins: (1) the localities
have floras with affinity to the freshwater and fine
clastic environments (groups D and E), but they contain
a few taxa (e.g. Velké Opatovice B, Evaň, Maletín), and
(2) the Spanish localities characterized by “endemic”
taxa (Sphenolepis kurriana, Magnoliaephyllum palaeo-
cretacicum and Cinnamomum brotheri) share only two
taxa (Myrtophyllum geinitzii and Grevilleophyllum
constans) with the Czech and French localities
(Fig. 1). The taxonomic richness and the presence of
endemic taxa may indicate that the Spanish localities
correspond to environments differing from the others in
geography and/or climate. Thus, in Europe during the
Cenomanian, three main islands constituted the emerged
lands: the Bohemian Massif, the Iberian Peninsula and
the Massif Central (Ziegler, 1988). The Iberian
Peninsula probably had a drier climate (Ruffel and
Batten, 1990; Haywood et al., 2004). Nevertheless, at
the present stage of the knowledge about mid-Creta-
ceous floras, one may not exclude the possibility that
taxa endemic to some localities are not simply
misidentified (in other words, synonymies remain
probable). A striking example is the comparability in
leaf shape and venation pattern of C. brotheri from
Spain to Cocculophyllum cinnamomeum from the
Czech Republic.

The gradient evidenced in group F may be related
either to salinity, or to biases from contamination by taxa
of the group A (Myrtophyllum geinitzii and Grevilleo-
phyllum constans) or to sampling. For example, Pseu-
doasterophyllites cretaceus is the unique taxon typical
of the left hand side of the gradient in Table 3 but is
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difficult to characterize. Thus, though P. cretaceus
appears to be characteristic of salt marsh assemblages its
absence in localities of group F may be completely
casual.

The distribution of the main taxonomic groups in
between the localities indicates that: (1) the coarse
clastic localities lack pteridophytes and have the lowest
species richness, probably because of their low
preservational potential in sandstones; (2) angiosperms
are more diversified in freshwater environments, and are
even exclusive in group A, related to coarse clastics,
while gymnosperms dominate the brackish environ-
ments and are exclusive in group B (also related to
coarse clastic environments). Using similar reasoning to
that of Schnell (1970), the freshwater environments
(groups A, C and D) might correspond to early habitats
in the evolution of the angiosperms. Otherwise, brackish
environments (groups B and F) might constitute a refuge
for the gymnosperms. Brackish environments are very
constraining and xeromorphic characters known in F.
alata (e.g. cuticular hairs, stomatal apparatus and
papillae) and Glenrosa (e.g. cuticular papillae and
stomatal crypts) could be tremendous advantages for
plants living in them.

Three taxa are present in more than one environment:
M. geinitzii (A and D), M. angustum (D and E) and F.
alata (E and F). It is striking that two out of three belong
to the “Myrtophyllum” group proposed by Kvaček Z.
(1983), a group that also includes Grevilleophyllum
constans. Species of the “Myrtophyllum” group were
able to colonize a wide range of habitats including all of
the freshwater environments, though they are absent in
group C.

The localities composed of a few taxa (three to six)
and the Spanish localities are directly branched at the
base of the tree. On the COA (Fig. 5), the localities
Guadalix, Fuentelespino and Torrelaguna stay at the
level of the coarse clastic environments. This may be
because the coarse clastic environments are also
characterized by few taxa or, as mentioned above, the
presence of Myrtophyllum geinitzi and Grevilleophyl-
lum constans in the freshwater and coarse clastic
environments. Consequently, the COA analysis points
out the association of ubiquitous taxa (e.g. Myrtophyl-
lum geinitzii) rather than the association of more
stenotopic taxa (e.g. Platanus laevis). Thus, the
occurrence of a polytomy in the tree may have two
origins: (1) the presence of localities or groups of
localities containing few taxa in common; (2) the
impossibility assigning the localities directly connected
to the polytomy to a particular group because of the
absence of common taxa or the mixed nature of the beds.
4.2. Adjustments of the WPM for the palaeoecological
data

The WPM from floristic lists distinguishes both
groups and gradients. In particular, we have shown the
possibility of uncovering gradients in group F, as
suggested by Bellan-Santini et al. (1994). This tree
was rooted using the Albian localities as the outgroup,
although they do not share any taxa with the ingroup,
except for two pteridophytes (Cladophlebis albertsii
and Phlebopteris dunkeri). Otherwise, the two latter
pteridophytes are characteristic of none of the groups. In
these circumstances one may question the choice of the
outgroup. Since the characters are polarized using
absence as primitive and presence as derived; an
empty outgroup would have led to the same result.
There is no taxon shared by all the localities.
Furthermore, there are only three taxa (F. alata, M.
angustum and M. geinitzii) present in more than one
group and all of them occur in less than three groups.
The basal polytomy both of the localities with few taxa
and of the Spanish localities may cause the polarization
of the characters.

The localities are well-associated in groups of
environments based on their floristic lists. No global
ecological continuum exists through the groups, but a
gradient occurs within the group F. The absence of a
more encompassing gradient may relate to the wide
space and time scales of the palaeobiocoenoses, each
growing in its own landscape unit (e.g. braided river
environments ranging from disturbed sandy banks to
“hardwood” forests).

5. Conclusions

Both the COA and the WPM analyses demonstrate
the close relationships between the fossil taxa and the
palaeoenvironments of a given locality. However, the
WPM shows finer resolution and it splits problematic
localities at the base of the strict consensus tree. Two
types of problematic localities are distinguished: (1)
localities with a few taxa and (2) environments
represented by a single locality. The WPM also reveals
a one-dimension gradient in contrast to clustering
methods using a distance matrix. This is thanks to
Wagner's Parsimony principle that consists of mini-
mizing the tree length and groups together the local-
ities within the same gradient on the strict consensus
tree.

From the ecological point of view, there is a
minimum space/time scale resolution for the deposits
studied, which level corresponds to the landscape
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ecology or “eco-complexes” concept of Dajoz (1996).
The ecological groups may reflect environmental
mosaics juxtaposed within the same geomorphological
unit (e.g. braided river with environments ranging from
disturbed sandy banks to “hardwood” forests). Despite
these limitations, relevant ecological information can be
extracted. In particular, F. alata is confirmed as having a
halophyte-tolerant habit (Uličný et al., 1997; Gomez
et al., 2001; Nguyen Tu et al., 2002), quite similar to the
living Tamarix nilotica (Ehrenb.) Bunge that grows both
in brackish (e.g. coastal marshes) and freshwater
environments (e.g. shallow groundwater and wadis
forming casual streams) (Springuel and Sheded, 1997;
Abd El-Ghani and Amer, 2003). The ecological infor-
mation relates to both the species level (e.g. F. alata)
and higher systematic levels (species of the “Myrto-
phyllum” group, and to other angiosperms as well as
gymnosperms).
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