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Abstract

Since a few years the amount of available phylogeographic data rapidly increased
and the question of a general method for comparing the phylogeographic patterns of a
great number of taxa over the same areas has been repeatedly addressed. In the present
study, published phylogenies of eight terrestrial animal groups living in the Western
Palearctic are used to build a general area cladogram, using the "Matrix Representa-
tion with Parsimony” method (MRP). The areas are not defined a priori but directly

_deduced from the source phylogenies. The results are discussed regarding previous
hypotheses concerning the postglacial recolonization of Europe. The grouping of the
areas fit with what is known about the influence of Quaternary glaciations on the phy-
logeography of European biotas, where : the organisms living in temperate regions are
considered to have been restricted to southern refuges, from where these areas in
which temperate European flora and fauna get extinct during the cold periods were
recolonized when temperature increased. The results also suggest that : (i) the Iberic
refuge may be subdivided into a porthern part fitting with North Iberia and West
France, and a southern part in which exchanges were possible with Northern Africa;
(ii) the Italic and Balkanik refuges constituted a North Mediterranean ensemble also
connected with the areas surrounding the Black sea; (iii) East France was acting as a
part of the North European plain; (iv) North and South Scandinavia had different his-
tories; and finally, (v) close relationships existed between Britain and South Scandina-
via. The advantages and limits of the method are also discussed.
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Introduction

Since a thirty, years the question of a general method for analyzing distribu-
tion patterns using a vicariance model of analysis has been repeatedly address-
ed. After HENNIG (1966) and BRUNDIN (1966) an analogy between phylogene-
tic and biogeographical analysis has been advocated by different authors (see
HUMPHRIES, 1992, for an extensive review and discussion). Following KLUGE
(1988), this conducted several authors, using different methods and coding
strategies, to construct cladograms of areas using taxa as characters (sec MOR-
RONE & CRISCI, 1995 and VAN SOESTS & HADJU, 1997, for a recent review and
discussion). HOVENKAMP (1997) extensively criticized these approaches and
claimed that : "the taxon/area analogy presupposes the existence of "areas of
endemism" which should be a subject of investigation, not should be as-
sumed". Consequently, he proposed that " vicariance events, not areas, should
be used in biogeographical analysis ", and also pointed out that previous ap-
proaches often confused the two different aims of historical biogeography that
should be clearly separated methodologically : (i) to elucidate the history of
areas on the basis of biological evidences, (ii) to elucidate the history of orga-
nisms on the basis of an hypothesized history of areas.

In the present study point (i) only is considered : the distributional data
given by the cladistic analysis of eight lineages living in the Western
Palearctic are combined in order to produce a general area cladogram. The
result is discussed regarding previous hypotheses concerning the postglacial
recolonization of Europe. The advantages and limits of the method are also
discussed.

Material and methods

Source trees. The source trees are represented on figure 1A-H. Their specifi-
cations are given on table 1. As proposed by HOVENKAMP (1997) we define
the areas by enumerating from the source cladograms, all these locations in
which sister groups of a particular taxon occupy mutually exclusive areas.
This also fit with ROSEN (1988) recommendation : " ... decisions about the
boundaries [of areas] have usually been arbitrary or generalized. Rather than
trying to define such regions at the outset, it is better to work entirely with
sample localities". This resulted in the identification of the 19 areas described
on figure 11. When, in a source study, a particular genotype was identified in
several different areas, the corresponding areas were represented as an unre-
solved polytomy in the source cladogram (Figs 1C, F, G & H). This is corres-
ponding with ZANDEE & Ross (1987) "assumption zero" : "widespread taxa
are considered as synapomorphies for the areas inhabited by them" (MORRONE
& CRriscl, 1995).

Computation of the area cladogram. Computation of the area cladogram
was performed using the method described as "Construction of supertrees by
Matrix Representation with Parsimony (MRP)" by SANDERSON et al. (1998).
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Fig. 1A-H. Area source trees. I, recapitulation of geographic areas. (see Table 1 for speci-
fications).

This method first has been proposed by BROOKS (1981) for analyzing host
phylogenies by using the phylogenies of their parasites, as : "Brooks
Parsimony Analysis” (BPA). Later, WILEY (1987) amended BPA for biogeo-
graphical purposes. This transposes to biogeographical areas, DOYLE'S (1992)
assumption that the results of different studies of the phylogenetic
relationships of a particular group of taxa can be considered as equivalent
phylogenetic hypothesis and directly combined using parsimony analysis in
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order to produce a composite estimate of the phylogeny of this group. This

method also has been independently proposed as the "Matrix Representation .
Method" by BAUM (1992) and RAGAN (1992), for inferring phylogenies of

organisms from gene trees.

Table 1. Specification for the source trees. N° = number of areas represented in each particular
source study (out of 19).

tree on| N° source tree character| method

Sfigure taxa after type |for analysis
1A |7 Apis mellifera GARNERY et al. (1992) mtDNA | parsimony
1.B | 5| Apodemus sylvaticus MICHAUX et al. (1996) mtDNA | UPGMA
1.C | 9| Arvicola terrestris TABERLET et al. (1998) mtDNA | parsimony
1.D | 8 | Crocidura suaveolens TABERLET e al. (1998) mtDNA | parsimony
1E |5 Microtus agrestis | JAAROLA & TEGELSTROM (1995)] mtDNA | parsimony
1F |9 Sorex spp. TABERLET e al. (1994) mtDNA | parsimony
1.G |11 Triturus spp. WALLIS & ARNTZEN (1989) | mtDNA | parsimony
1.H | 9 Ursus arctos TABERLET & BOUVET (1994) | mtDNA | parsimony

Different coding strategies have been experimented and compared by RON-
QUIST (1996) for matrix representation of trees. Here we follow RONQUIST
(1996) recommendations : (i) each original source tree is represented by a cha-
racter matrix using additive binary coding; (ii) newly coded trees are combi-
ned into a single matrix, areas not represented in a particular source tree being
coded as having states unknown for that tree, which is corresponding with
NELSON & PLATNICK (1981) "assumptions 1 and 2"; (iii) an all-zero outgroup
is added to root the trees and the resulting data matrix is subjected to parsimo-
ny analysis. Representation of the original source trees in a character matrix
using additive binary coding is given in table 2.

Parsimony analysis. Analysis was conducted using test version 4.0d64 of
PAUP* (SWOFFORD, 1998). Runs were performed using heuristic search tree-
bisection-reconnection (TBR) branch-swapping, addition sequence random =10
replicates, MULPARS option in effect. MACCLADE 3.07 (MADDISON & MADDI-
SON, 1997) and TreeView 1.5 (PAGE, 1996) were used for data and tree hand-
ling and for computation of tree statistics.

Results

The analysis gave 970 trees from which a majority rule consensus tree was
computed. Tree length = 50. Consistency index (CI) = 0.72. Retention index
(RI) = 0.81. Rescaled consistency index (RC) = 0.59. On figure 2 the majority
rule consensus tree is superimposed over a map of the Western Palearctic, on
which the mountain barriers, and the southern maximum extension of the per-
mafrost during the last glacial age also have been represented. The majority
rule frequency is given for each node.
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Table 2. Matrix representation of area source trees as represented on figure 1. Abbreviations :
api = Apis mellifera; apo = Apodemus sylvaticus; arv = Arvicola terrestris; cro = Crocidura
suaveolens; mic = Microtus agrestis; stx = Sorex spp.; tri = Triturus spp.; urs = Ursus
arctos.

aaaaa aa aaa ccccc mmm SsSsSss ttttttt uuuuu
PPPPP PP rrr rrrrr iii rrrrrr rrrrrrr rrrrr

iiiii oo vvv oocooo ccc xxxxxx iiijiiii sssss

OUTGROUP 00000 00 000 00000 000 000000 0000000 0OOOO
SOUTH. IBERIA 01001 ?? 000 22222 ?2?2? 222?222 0000001 2?2222
NORTH.IBERIA 10000 ?? 011 00001 22? 000111 0000011 10010
CENTR.IBERIA ?2??227? 2?2 2?22? 2?2?22 ??2? 011011 0000011 2?2?22
NORTH.ADRIATIC 00111 ?? ?2?2? 11110 2?? 001011 0110100 01110

BALKANS ??2?2?2? ?? 2?2 11110 ?7?? 111011 0001100 00110
CARPATHIANS ?P222? 22 2?2?72 222272 ??? 222?222 ??2?2222? 00001
E.FRANCE ?2???? 01 011 00001 ??? 111011 1010100 ?227?°?
W.FRANCE 10000 2?? 000 00001 2?2 000111 0000011 10010
BRITAIN ?2?2?2? ?? 2?22 2?22?27 110 2?22?22 1010100 ??°???
N.CENTR.EUROPA ??2?? 01 101 ????? 010 111011 1010100 ?2???
NE.EUROPA ????? 2?2 101 2?2?27 001 111011 1010100 00001
SOUTH . SCAND ??2?227? 2?2 101 2?7?7272 110 2?2?7222 1010100 10010
NORTH. SCAND ?222? 22 101 227222 001 2?22?2272 2?22?2222 00001
ANATOLIA 2?2?72 ?? 2?2? 00010 ??? 2?2?2222 0001100 22?27
ITALY 00111 10 000 01110 ??? 000001 0110100 01110
CAUCASUS 00011 2? ?22? 00110 ?2? 2?2?2222 22?7?2222 2?22?72
CORSICA 22?227 10 2?2? 22?22?22 2?2?22 2?2222 22222722 2?2?2727
SARDINIA 222?22 10 2?2 2?2722 2?2?72 2222?22 22222727 2?2222
MAGHREB 01001 ?? 2?27? 2?2222 22?2 22?2222 22?22?22 2?22?27

The basal dichotomies of the area supertree have a frequency of 100% and .
allow to distinguish four main groups. Group.! is composed of North Iberia
and West France. Group.2 is composed of Central Iberia, South Iberia and
Maghreb. Group.3 associates : the peri Tyrrhenean's, peri Adriatic's and peri
Aegean's areas including Corsica, Sardinia, Italy, North Adriatic, Balkans and
Anatolia, together with Caucasus. Group.4 associates all the areas of North
and Central Europe, separated into three branches also having a frequency of
100% : the first branching isolates East France, the last two branches separate
the other areas in two subgroups; subgroup.l, includes North Scandinavia,
North East Europe and Carpathians, subgroup.2 includes Britain, South Scan-
dinavia and North Central Europe. Within Group.2 and Group.3. the distribu-
tion of the component areas has a lower frequency (<63%).
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Fig. 2. Area supertree of the Western Palearctic. Numbers indicate the value of the majority rule
frequency for each node. Thick dash line : southern maximum extension of permafrost in
Europe during the last cold period, 20,000-18,000 years ago after FRENZEL ef al. (1992) and
LUNDQVIST & SAARNISTO (1995). Grey areas : mountain barriers.
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Discussion

The grouping: of the areas fit with what is known about the influence of
Quaternary glaciations on the phylogeography of European biotas (TABERLET
et al., 1998). The organisms living in temperate regions are considered to have
been restricted to southern refuges during the Quaternary glacial periods (HE-
WITT, 1996). Group.l, Group.2 and Group.3 match with the Southern Iberic,
Italic and Balkanik refuges which, classically, have been distinguished in Wes-
tern Europe. Group.4 is corresponding with these areas covered by the ice
sheets and the permafrost during their maximum extension, in which tempe-
rate European flora and fauna get extinct during the cold periods (FRENZEL et
al., 1992; LUNDQVIST & SAARNISTO, 1995) and which were recolonized when
temperature increased, either by populations coming from southernigia or
from more eastern areas (HEWITT, 1996). Group.I and Group.2 also suggest
that the Iberic refuge may be subdivided into a northern part fitting with North
Iberia and West France, and a southern part in which exchanges were possible
with Northern Africa. The topology of Group.3 suggests that the Italic and
Balkanik refuges constituted a North Mediterranean ensemble also connected
with the areas surrounding the Black sea. The topology of Group.4 advocates :
for East France acting as a part of the North European plain; for the recogni-
tion of an eastern and a western parts corresponding respectively with sub-
group. 1 and subgroup.2; for a different history for North and South Scandina-
via and also for close relationships between Britain and South Scandinavia.
However, the placement of several areas have to be considered with caution.
This is the case for the relationships between South Iberia and Maghreb, bet-
ween Britain and South Scandinavia and for the placement of Corsica and Sar-
dinia which only rely upon 1 or 2 phylogeographies.

Conclusion

The influence of Quaternary glaciations appears to be the main pattern ex-
plaining the current distribution of the eight different taxa used as sources in
this study. This relies with HOVENKAMP (1997) assumption that : "At each
moment in history, ...[taxa]... are constrained only by the then-operative
barriers, and not by the historical origin of the areas they inhabit". This means
that generally in this type of study : the closest biogeographical events are
from present, the greatest chance they have to be reflected by the results of the
analysis. This also probably indicates that tracks of the ancient origin of taxa
progressively disappear as more recent biogeographical events accumulate. As
underlined by HOVENKAMP (1997) this constitutes a notable difference
between the history of characters which, with time, are much more restricted
to the clade in which they originated, and the history of the distribution of taxa
which first steps can be completely and definitively hidden by more recent
episodes.

Using a definition of the areas by enumerating the vicariance events from
sets of source cladograms and assembling the source cladograms using the
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MRP method, allow to conserve all or most of the information present in the
source trees even when each of them only contains a subset of the terminal
areas being considered. Thus, this method allows to place a particular area on
the cladogram even if this area is represented only once in the source trees and
to make statements about the relationships of areas which do not co-occur on
any of the source trees. In addition, this method also easily allows to add new
source trees and (or) new areas, or to subdivide a previous area into several
new components when necessary. Therefore, this method looks to be reliable
for producing area cladograms on the basis of biological evidences.

The procedure proposed here allows to easily evidence the main tendencies
which have influenced the establishment of complex faunas, to define groups
of areas without a priori, to investigate which biotas have a divergent pattern
of dispersion and to group those organisms which dispersion routes are simi-
lar. However, we are appreciative that the validity of the method is dependent
of the reliability of the general area cladogram which in turn is linked to the
abundance of the available source studies. At the moment, these studies whose
results can be represented as reliable area cladograms are relatively few, but
their number is currently rapidly increasing. Thus, it would be possible to test
the method in better conditions in a close future.
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