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Abstract.—Phylogenetic legacy and phylogenetic trends affect the ecology of species—except, apparently, for the
width of their distribution. As a result, ‘‘macroecological’’ patterns of species distributions emerge constantly in
phylogenetically very distinct species assemblages. The width of the global distribution of species, for instance,
constantly correlates positively to the width of their regional distribution. However, such patterns primarily reflect
the phylogenetically derived species that dominate most assemblages. Basal species, in contrast, might show different
macroecological patterns. We tested the hypothesis that the correlation between global and regional distributions of
species diminishes among the phylogenetically basal species. We considered central European higher plants and defined
global distribution as the occupancy of global floristic zones, regional distribution as the grid occupancy in Eastern
Germany, and phylogenetic position as the rank distance to tree base. We also took into account a number of
confounding variables. We found that, across all lineages, the global/regional correlation diminished among basal
species. We then reanalyzed 19 lineages separately and always found the same pattern. The pattern reflected both
increases in global distributions and decreases in regional distributions among basal species. The results indicate that
many basal species face a risk of global or at least regional extinction, but have escaped the downward spiral of
mutually reinforcing extinction risks at multiple scales. We suggest that many basal species had much time to expand
their global ranges but are presently displaced locally by more derived species. Overall, the study shows that ma-
croecological patterns may not be static and universal, but may undergo macroevolutionary trends. Analyses of

macroecological patterns across a phylogeny may thus provide insights into macroevolutionary processes.
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‘“Nothing in biology makes sense, except in the light of
evolution’’—Dobzhansky’s (1973) classic words have re-
cently been further corroborated by studies demonstrating
that evolution also strongly determines the bi ogeographic and
ecological distribution of species. Species in different phy-
logenetic lineages are differently distributed across the globe
and across major environmental gradients (e.g., Prinzing et
al. 2001; Partel 2002). Moreover, phylogenetically basal spe-
cies are overrepresented in certain regions and habitats (Ver-
meij 1987; Partel 2002; ‘‘basal’’ species branch off deep in
a phylogeny, which indicates low speciation rates and high
extinction of their respective lineages). Such phylogenetic
inertiaand trends are the prerequisites for coevol ution among
species and lineages (Futuyma 1983; Farrell and Mitter
1993). However, phylogeny seems to have no effect on the
widths of species distributions such as range size or ecolog-
ical amplitude, which vary greatly even among closely related
species (Gaston 1998; Webb and Gaston 2003). Indeed, cer-
tain patterns of species distributions emerge constantly in
species assemblages of very different phylogenetic compo-
sition: the width of the regional distribution is positively
correlated to the local abundance (Willis 1922; Brown 1984;
Harte et al. 2001), and mostly also to the width, of the global
distribution (Hengeveld 1990; Jablonski and Valentine 1990;
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Brown 1995; Gregory and Blackburn 1998). Species narrow-
ly distributed within a region are thus also narrowly distrib-
uted across the globe. They are hence prone to extinction and
deserve special conservation efforts (Gaston et al. 2000). This
global/regional relationship runs counter to several evolu-
tionary theories stating that global and regional distributions
are determined by different processes or that species with
wide distributions at multiple scales only exist in certain
lineages or environments (Vermeij 1978; Hubbell 2001).
Overall, the global/regional relationship has important im-
plications. A whole new discipline, macroecology, is now
devoted to the discovery of such ‘‘universal’’ patterns, which
appear to be independent of the species’ phylogeny, and to
the discovery of the underlying universal processes (Brown
1995; Brown et al. 2003).

However, macroecological patterns, such as the relation-
ship between global and regional distribution, primarily por-
tray the phylogenetically derived members of a given taxon,
which mostly outnumber the basal species; the ‘‘living fos-
sils”’ (Stanley 1979). This effect cannot be eliminated by
statistical procedures that take into account phylogeny (e.g.,
Felsenstein 1985), because derived species still contribute
more datapoints than basal species. Hence, the question arises
whether macroecological patterns are really independent of
the phylogenetic composition of species assemblages, or
whether they change from phylogenetically derived to in-
creasingly basal species.

Phylogenetically basal species may be special becausethey
have fewer close relatives than derived species (Vermeij
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TaBLE 1. Characteristics of basal species and hypothesized mechanisms affecting regional distribution and global distribution, and the

correlation between both.

Regional/

Basal Regional Global global
characteristics Consequences distribution distribution correlation
Few close relatives little competition many large ranges — declines
Low speciation rate long period of range expansion of species — many large ranges declines
slow occupation of new niches many small ranges — declines
accumulation of natural enemies many small ranges — declines
High extinction rate filters out species with narrow distribution many large ranges many large ranges declines

1987; Table 1). Given that closely related species are often
ecologically similar (Webb et al. 2002), basal species may
suffer little competition, resulting in a wide regional distri-
bution (Valentine 1967). For example, among birds, basal
species are marginally distributed ecologically or geograph-
ically, and may thus suffer little competition from more ac-
tively diversifying clades (Ricklefs 2003). The low number
of close relatives reflects either low speciation or high ex-
tinction rates (Sims and McConway 2003; Magallon and San-
derson 2001; Ricklefs and Renner 1994), which may them-
selves affect the distribution of species, even though thereis
little consensus on the mechanisms involved. A low speci-
ation rate might result in a high age of many species and a
long period of global range expansion from the locality of
origin (Vermeij 1978; Levin 2000). It may also result in a
long period of accumulation of natural enemies and hence a
decline of regiona distribution (Ricklefs and Bermingham
2002). Finally, assuming that speciation is a major trigger of
evolutionary change (Kemp 1999), alow speciation rate may
result in a slow colonization of new environmental niches
(Latham and Ricklefs 1993; Farrell and Mitter 1993; Di-
Michele 1994; Prinzing et al. 2001). Basal species might thus
be locally displaced by more derived species and regional
distribution may decline (DiMichele and Bateman 1996; Ben-
nett 1997; Benton 1998). Finally, a high extinction rate may
filter out species with narrow global or regional distributions
(Jablonski 1994; Johnson 1998; Gaston 1998; Janssen and
Dynesius 2002). Each of these mechanisms results in an ex-
pansion or contraction of either global or regional distribution
of basal species. Hence, the correlation between the two
might diminish.

The effect of phylogeny on the relationship between ma-
croecological variables has not been adequately investigated
thus far. Nee et al. (1991) showed that basal and derived bird
species differ in their abundance/body-si ze rel ationships. But
their dataset did not allow them to test whether this effect is
a general phenomenon that occurs independently in multiple
lineages. At a biogeographic scale, Johnson (1998) showed
that among Australian marsupials basal species show a neg-
ative abundance/range-size relationship, contrary to derived
species. However, this study considered a taxon with a very
unusual macroecology (Murray and Dickman 2000), and did
not address a number of uncertainties: it treated phylogenetic
position as a binary variable; did not test whether the effect
of phylogeny occurs independently in multiple lineages; and
did not correct for confounding variables such as the species’
distribution across vegetation types, their adaptation to an-
thropogenic impact, or their competitiveness (Good 1974;

Brown 1984; Hodgson 1986; Walter 1990; DiMichele and
Bateman 1996; see Materials and Methods). The information
needed to resolve these uncertainties was simply not available
for the marsupials of Australia, or for other taxa elsewhere.
However, recently published databases have markedly im-
proved the situation in some taxa, in particular in the central
European flora (Benkert et al. 1998; Durka 2002).

In the present study we investigated the central European
flora. We first tested the hypothesis that the positive rela-
tionship between the widths of global and regional distri-
butions of species diminishes among phylogenetically basal
species. We accounted for the above-mentioned confounding
variables and tested whether the effect of phylogeny occurs
independently in multiple lineages. Second, we tested the
separate effects of phylogeny on global and on regional dis-
tributions of species. We then explored how these separate
effects contribute to the observed impact of phylogeny on
the relationship between global and regional distribution.

MATERIAL AND METHODS
Data

Our analyses examined all Spermatophyte species native
to central Europe (N = 1514; Schubert et al. 1990). For each
species, we defined the width of its global distribution in two
ways. First, we counted the number of floristic zones occu-
pied by the species’ native range (arctic; boreal; northern
temperate; southern temperate; submeridional [summer-
green dry forests and steppes]; meridional [evergreen forests
and steppes, deserts]; subtropical; tropical; and austral/ant-
arctic; Schubert et al. 1990; Meusel and Jager 1992). These
zones are defined according to the homogeneity of their flora,
their life-form composition, and their taxonomic structure.
They thus represent biogeographic units (Good 1974; Walter
1990; Meusel and Jager 1992). Similar measures of global
distribution have been repeatedly used in macroecological
studies (e.g., Reichard and Hamilton 1997; Cowley et al.
2001). They primarily characterize the global ecological dis-
tribution of species, not the geographical range size. For ex-
ample, no distinction is made between species with paleo-
tropical and pantropical distributions. Second, we very
roughly assessed the global range size of species based on
Kuhn and Klotz (2002; based on Schubert et a. 1990). These
authors assign species to 25 different sections of continents.
We classified the area of these sections on a three-rank scale
(a more precise classification of areas was not adequate be-
cause most species did not occupy the total area of the sec-
tions in which they occurred). The range size of a given
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species was then estimated as the sum of the areas of the
occupied sections of continents. This approximation of a spe-
cies' range size was very crude, but it was still much finer
than the occupancy of global floristic zones on a one-to-nine
rank scale. Nevertheless, we found that the occupancy of
global floristic zones was much more strongly correlated to
the regional distribution of species than the global range size
(Pearson’s r = 0.34 vs. Pearson’sr = 0.13). The probable
reason is that the occupancy of floristic zones measures the
width of the global distribution independent of the extensions
of the floristic zones. The extensions of these zones have
changed dramatically across time periods of a few thousand
years (Lang 1994) and strongly depend on the current shape
of continents (compare, for instance, boreal to Mediterranean
zones). We therefore considered the occupancy of global flo-
ristic zones as our measure of the width of global distribution
in all further analyses.

We defined the regional distribution of species as the grid
occupancy in eastern Germany (Benkert et al. 1998; grid size
= 31 km?). The grid occupancy of a species reflects the
extension and number of localities occupied (the*‘ ubiquity’’;
MacNally 1995) as well as the overall extension of the oc-
cupied region along various geographic and ecological gra-
dients (for eastern Germany, Benkert et al. 1998). Eastern
Germany as a region is in the core of central Europe. It
includes almost all central European vegetation types (El-
lenberg 1996) and the distribution of plant species has been
investigated in more detail than in any other region of com-
parable sizein central Europe and possibly worldwide (Benk-
ert et al. 1998). Note that in our analyses we used the un-
transformed estimates of regional and global distributions.
Some authors additionally use log-transformed estimates
(Brown 1995). In our case, however, transformation of either
or both range estimates weakened the global/regional rela-
tionship and led to highly skewed residuals in the further
analysis.

Finally, we defined the phylogenetic position of species as
the clade rank; that is, the number of phylogenetic nodes
between the species and the root of the phylogeny (Norell
1995; Benton 1998). The underlying phylogeny encompassed
the 1514 species of the central European flora and was com-
piled from 50 sources listed in Prinzing et al. (2001). Basi-
cally, we took the topological relationships among lower
groups of vascular plants from Doyle (1998) and the familial
level relationships from Pryer et al. (1995) for ferns; Chase
et al. (1993) for gymnosperms,; Graham and Olmstead (2000)
for basal angiosperms; Savolainen et al. (2000) for dicots;
Kubitzki (1998) for monocots excluding Potamogetonales;
Haynes et al. (1998) for Potamogetonales; and Olmstead and
Reeves (1995), Wolfe and dePamphilis (1998), Oxelman et
al. (1999), and Olmstead et al. (2001) for Scrophulariales.
The phylogeny did not include microspecies (subspecific seg-
regates without clear taxonomic rank mostly formed by apo-
micts). Such microspecies would severely inflate the number
of nodes in afew, taxonomically very well-investigated taxa
(Wisskirchen and Haeupler 1998). The phylogeny was 70%
resolved; that is, some of the phylogenetic radiations were
represented as a single or afew polytomies rather than many
dichotomies. This correctly reflected the fact that the different
species in a radiation are of similar phylogenetic position
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even though they may be separated by many dichotomous
phylogenetic nodes. The clade rank of species was strongly
determined by their rank within the families to which they
belonged, as well as the rank of these families within the
overall Angiosperm family tree. In fact, the rank distance
between the root of the family tree and a given family was
usually (in >90% of the families) at least as large as the rank
distance between the base of this family and its most derived
Species.

Using clade rank of species across the central European
flora (n = 1514 species) as a parameter of their phylogenetic
position suffersfrom an obvious problem (Norell 1995; Webb
et a. 2002): some lineages are only poorly represented in
central Europe but have strongly diversified in other parts of
the world (e.g., Piperales and Cucurbitales). Across a purely
central European phylogeny, species from such lineages will
be ranked too low; too basal. Moreover, clade rank may be
strongly biased toward species from only a few species-rich
lineages (Sims and McConway 2003; Magallon and Sander-
son 2001); hence clade rank becomes indiscernible from
clade membership. Overall, clade rank may be a biased pa-
rameter of the phylogenetic position of species. We respond-
ed to this problem in three ways. First, we assessed the mag-
nitude of the bias in clade rank. We checked to what extent
clade rank deviates from branch lengths as revealed by mo-
lecular phylogenetic analyses. We considered four parts of
the phylogeny for which branch lengths were readily avail-
able. We found that clade rank was always highly correlated
to the total length of the branches connecting a taxon to the
root of the respective part of the phylogeny (dicot families
[Savolainen et a. 2000]: n = 96, r = 0.626, P < 0.0001;
Poaceae species [Catalan et a. 1997]: n = 20, r = 0.792, P
< 0.0001; Rosaceae species [Morgan et al. 1994]: n = 15,
r = 0.671, P = 0.006; Apiaceae species[Downieet al. 2000]:
n = 25 r = 0.563, P = 0.0034). Hence, the bias of clade
rank wasrelatively small. It isimportant to note that we could
not simply use branch lengths instead of clade rank as a
parameter of phylogenetic position in the first place. Branch
lengths are unavailable for the vast majority of species and
are often incompatible across species from different lineages,
as they have been quantified based on different molecular
markers. Second, we controlled our analysis for the bias of
clade rank in certain poorly represented lineages. We intro-
duced a factor, lineage, into the multivariate analysis, and
we analyzed different lineages separately (Norell 1995; de-
tails are given below). Third, we tested whether the bias of
clade rank in lineages poorly represented in central Europe
affects our results. In the cross-lineage analysis we tested
whether the residual variation is higher in lineages poorly
represented in central Europe. In the within-lineage analyses
we tested whether within-lineage effects of clade rank depend
on the representation of lineages in central Europe (details
are given below).

Analysis

Effects of phylogeny on the relationship between global and
regional distribution

In the first step of our analysis, we analyzed the effect of
phylogenetic position on the relationship between global and
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regional distribution by multiple regression analysis (Statsoft
Inc. 1999, module GLR). The width of the regional distri-
bution was the dependent variable; the width of the global
distribution, the phylogenetic position, and the interaction
between both were theindependent variables. Thisinteraction
term was the crucial term in the analysis.

In a multivariate analysis we included the following ad-
ditional independent variables that may be confounded with
the distribution, or the phylogenetic position, of species.

Lineage.—Defined as the suprafamilial groups in the clas-
sification system of the Angiosperm Phylogeny Group (1998;
Bremer et al. 2003; n = 46 taxa), arobust consensus of many
phylogenetic analyses. These lineages explained a significant
part of the errorsin the above univariate analysis (P = 0.004).

Vegetation type.—The distribution of species across major
vegetation types obviously affects their regional distribution.
Forest species, for instance, are more widely distributed in
central Europe than seashore species. Vegetation type may
also affect the global distribution of species as many species
from aquatic or alpine vegetation are widely distributed
across the globe (Walter 1990). Finally, vegetation type may
also affect the rate of speciation (Vermeij 1987), and thereby
the phylogenetic position of the species. We classified the
species into eight vegetation types according to Frank and
Klotz (1990, based on Schubert et al. 1990), for example,
seashore vegetation, deciduous forests, alpine boulders, and
meadows. We did not differentiate below the vegetation type
level into classes. This would have introduced more than 50
additional categories into the analysis (Schubert et al. 2001).
In addition, many classes are defined based on the presence
of individual plant species; hence, the distribution of classes
is partly a function of the distribution of species and not the
reverse.

Occurrence in anthropogenic vegetation.—Most species
that can use anthropogenic vegetation are widely distributed
throughout central Europe (Ellenberg 1996); moreover, many
of them are phylogenetically derived (Hodgson 1986). We
ranked the occurrence of speciesin anthropogenic vegetation
according to the Hemeraobie system of Frank and Klotz (1990,
based on Kunick 1974 and Klotz 1984): (1) oligohemerobous
species occur only in vegetation types with little anthropo-
genic influence (e.g., forests with no or selective logging);
(2) mesohemerobous species also occur in vegetation types
with rare and strong or with continuous and moderate an-
thropogenic influence (e.g., forests with clear-cuts, or mead-
ows with yearly mowing); and (3) polyhemerobous species
even exist in vegetation types with continuous and strong
anthropogenic influence (e.g. agricultural fields). These Hem-
erobie rankings of Frank and Klotz have been validated re-
peatedly (e.g. Dierschke 1994; Grabherr et al. 1995; Prinzing
et al. 2002).

Potential competitiveness of species.—M ost species of high
potential competitiveness are widely distributed throughout
central Europe (Ellenberg 1996), and many of them seem to
be phylogenetically peripheral (Vermeij 1987). We ranked
the potential competitiveness of species from O (stress tol-
erant strategy or ruderal strategy, without elements of com-
petitive strategy) to 3 (pure competitive strategy) according
to Frank and Klotz (1990). These authors largely applied the
criteriaof Grime et al. (1988), such as stature, longevity, and
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phenology of flowering or seed dormancy. The predictive
value of the Frank and Klotz assignments has been repeatedly
validated (e.g., Py3ek et al. 1995; Prinzing et al. 2002). More-
over, there is a correlation between assignments by Frank
and Klotz (1990) and by Grime et al. (1988), despite the
different scaling of both assignments: Pearson’sr = 0.62 (P
< 0.0001, n = 418). Competitiveness does not equal vege-
tation type as highly stress (i.e., shade) tolerant species can
coexist with highly competitive species (Grime et al. 1988).

Latitudinal position of the global range.—Species with a
southern global distribution may be narrowly distributed
throughout central Europe because since the retreat of the
glaciers these species may not have managed to re-establish
in all suitable parts of central Europe (Lang 1994). Moreover,
many species of such southern distribution are phylogenet-
ically basal (Good 1974; Schuster 1976). We thus quantified
the latitudinal position of a species’ global distribution by
calculating the mean across the floristic zones occupied (from
1 = boreal to 9 = austral).

Distance of a species’ latitudinal position from Central Eu-
rope.—Species with a latitudinal position that is far from
central Europe are mostly restricted to very special localities
within central Europe (Hengeveld 1990; Ellenberg 1996).
Species with a boreal range position, for instance, are likely
to occupy only the coldest localities within central Europe.
This results in a narrow regional distribution in central Eu-
rope. We thus quantified the distance between a species
range position and central Europe as the absolute difference
between the species’ latitudinal range position (see above)
and position 3, the latitudinal position of central Europe
(Meusel and Jager 1992).

Lineage and vegetation type were treated as factors. The
other variables were treated as continuous variables, even
though some of them were on a rank scale. Treating ranks
as continuous variables introduces some error into the sta-
tistical analysis. However, given our very large sample size,
the high levels of significance and the consistency of our
results across different lineages, it is unlikely that this error
affected our conclusions (Sokal and Rohlf 1981).

Several further variables may also be related to the width
of distribution of plant species. First, temperature require-
ments may be important. Highly frost-sensitive species, for
instance, cannot persist in most places in central Europe.
However, temperature requirements are not known for several
hundred central European species (Ellenberg 1996), partic-
ularly for those with a wide regional distribution. Hence,
inclusion of temperature requirements would have further
reduced the degrees of freedom, which was particularly prob-
lematic in the within-lineage analyses (see below). It would
also have biased the species set toward species with narrow
regional distributions. Thus, we omitted temperature require-
ments from our analysis. We did, however, test whether the
residuals of our analysis correlated to the known temperature
requirements, and found that this was not the case (R2 =
0.01). Hence, our analysis did not suffer from a temperature
bias. Second, it has been asserted that polyploidy increases
the width of distribution (Love and Love 1949). However,
this assertion has been refuted repeatedly (e.g., Stebbins
1985; Stebbins and Dawe 1987), and paleoploidy, a very
common form of polyploidy, has not been interpreted at all
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(Durka 2002). Moreover, in many species the ploidy level is
not constant but varies strongly among populations (Durka
2002). For most species, neither the range nor the common-
ness of ploidy levelsisknown within central Europe or world-
wide (Grime et al. 1988; Durka 2002). Therefore, inclusion
of ploidy levels was neither adequate nor practicable. Third,
it has been suggested that the capability to disperse by wind
or with the help of vertebrates might increase the width of
distribution of plant species (Thompson et al. 1999; Rich-
ardson et al. 2000). Wetherefore included these two variables
(defined on a rank scale as in Prinzing et a. 2002) in a
preliminary analysis. However, neither of them had a direct
effect on the distribution of species (P > 0.84; see also
Thompson et al. 1999; Prinzing et al. 2002), nor does either
of them modify the effect of phylogenetic position on the
correlation between global and regional distribution (AP <
0.00001). We therefore omitted both variables from further
analyses to improve the ratio between the number of inde-
pendent variables and the sampl e size, which was particularly
important when we restricted the analysis to individual lin-
eages (see below).

We first analyzed the complete species pool using a gen-
eralized linear model (n = 1340 species for which all traits
were known). We tested whether the bias of phylogenetic
position (= clade rank) in lineages poorly represented in
central Europe affects our results. For this purpose we re-
corded the partial residuals for the phylogenetic position X
global distribution interaction term for each species and av-
eraged them across suprafamilial lineages (Angiosperm Phy-
logeny Group 1998; Bremer et al. 2003; n = 32). We then
correlated these average partial residuals against the repre-
sentation of the lineages within central Europe. Represen-
tation was quantified as the percentage of the global species
richness represented in our database, with information on the
global species richness taken from Stevens (2001) and Earle
(2003). The representation of the different lineages ranged
from less than 0.05% (for Piperales and Cucurbitales) to more
than 3% (for Dipsacales and Pinales).

Next, we analyzed several independent lineages. Only if
phylogenetic position shows a consistent effect within the
majority of lineages can the effect be considered statistically
significant. We considered the Pteridophytes as well as the
lineages classified at the suprafamilial rank in the Angio-
sperm Phylogeny Group’s system (Angiosperm Phylogeny
Group 1998; Bremer et al. 2003). We excluded all lineages
with less than 15 species because the sample size would
obviously be too small to correctly estimate the sign of the
effect of global distribution X phylogenetic position. Even
among the remaining 19 larger lineages, the analyses showed
a strong multicollinearity among independent variables with
tolerance values for the global distribution X phylogenetic
position interaction term below 0.01 in 16 lineages. That is,
more than 99% of the variance in the interaction term was
redundant with other variables. We thus decided to apply
ridge regression analysis (Neter et al. 1985; Statsoft Inc.
1999). Ridge regression analysis strongly reduces multicol-
linearity by adding a small constant A to the diagonal of the
correlation matrix, which isthen restandardized. Thisreduces
the diagonal values in the inverted matrix and hence the
variance of the estimators of the regression coefficients,
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which are calculated from it. The estimates of regression
coefficients are thus much more stable, albeit slightly biased
(Neter et al. 1985; Statsoft Inc. 1999). We used a A of 0.05
and found that tolerances increased to at least 0.09. The
choice of X\, however, did not affect our results. Lower X
values of 0.01 to 0.03 yielded regression coefficients with
the same sign. And so did a drastically high A value of 0.5.
With such ahigh \, multicollinearity was minimal (tolerances
>0.69), but the R2 values strongly declined due to the bias
arising from theinclusion of \ itself. Becauseridge regression
cannot handle categorical variables, we excluded both veg-
etation type and lineage from the analyses of separate line-
ages. Thiswas a harmless modification. The original analysis
across the complete species set had shown that inclusion of
neither of the categorical variables affected the P-value of
the global distribution X phylogenetic position interaction
term (AP = 0.000007).

We summarized the results of these within-lineage analy-
ses adopting the concept of ‘‘effect sizes,”” which is widely
used in meta-analyses (Rosenthal 1984). Effect sizes permit
acomparison of effects across different analyses without bias
due to differences in the underlying sample sizes (Rosenthal
1984). First, we quantified the size of the effect of phylo-
genetic position X global distribution on the regional distri-
bution for each lineage. We used the Fisher Z-transformed
effect-size parameter r (Rosenthal 1984), which we calcu-
lated from the t-value of the corresponding regression pa-
rameter (Rosenthal 1984). Then, we tested the one-tailed hy-
pothesis that, across all lineages, the effect of phylogenetic
position X global distribution is positive; that is, that in most
lineages the positive relationship between the width of global
distribution and the width of the regional distribution is
strong among derived species but diminishes among basal
species. We used a Wilcoxon-rank test as well as a t-test
against an expectation of zero. The advantage of the Wil-
coxon rank test was that it does not depend on the normality
assumption (Sokal and Rohlf 1981). The advantage of the t-
test was that the datapoints could be weighted by the sizes
of theunderlying lineages (Gurevitch and Hedges 1991), even
though weighting hardly modified the results (AP < 0.0001).

We again tested whether the bias of phylogenetic position
(= clade rank) in lineages poorly represented in central Eu-
rope affected the results. For this purpose we correlated the
effect sizes of phylogenetic position X global distribution in
different lineages against their representation within central
Europe (quantified as above) using the parametric Pearson
and the nonparametric Spearman coefficient.

It is important to note that in the within-lineage analyses
our goal was to test whether the effect of phylogeny is con-
sistent across lineages. Our goal was not to correct for phy-
logeny. Procedures to correct for phylogeny would include
sister-taxon comparisons (Felsenstein 1985), which compare
only clades of equal phylogenetic position, or numerous tech-
niques that remove a phylogenetic component (e.g., Harvey
and Pagel 1991). Both approaches would of course delete the
component of interest from our analysis. Only Pagel (1997)
has described a method that permits testing the effect of
phylogenetic position directly, that is, without separately an-
alyzing different lineages. However, his method was not ap-
plicable because it does not permit inclusion of multiple in-
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Fic. 1. Relationship between the widths of distributions of central
European plant species at global and regional scales. Global dis-
tribution is measured as occupancy of global floristic zones, regional
distribution as the grid occupancy across eastern Germany. The
smoothing (by distance weighted least squares) reflects the clus-
tering of points, including those hidden by overlying points. A linear
model yields: R?2 = 0.12 and P < 0.00001.

dependent variables. We also decided not to apply a phy-
logenetic correction for the various confounding variables
(e.g., competitiveness). Any such phylogenetic correction
would have been based on the phylogenetic position of spe-
cies, and hence the confounding variables would have be-
come numerically nonindependent of the phylogenetic po-
sition.

TABLE 2.
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Separate effects of phylogeny on global and regional
distribution

In the second stage of our analysis, we tested the separate
effects of phylogeny on the global and on the regional dis-
tributions of species. As before, we used ridge regression
analysis, and analyzed the complete species set as well as
individual lineages. For each lineage, we described the effect
size of phylogeny on species distribution, and summarized
the results across lineages by meta-analyses (see above). Fi-
nally, we used partial correlation analyses (Statsoft Inc. 1999)
to explore how the within-lineage effects of phylogeny on
the global and on the regional distribution of species con-
tribute to the effect of phylogeny on the relationship between
global and regional distribution.

RESULTS

Effects of Phylogeny on the Relationship between Global
and Regional Distribution

As expected, the flora of central Europe showed a signif-
icantly positive relationship between the width of their global
and regional distributions (R?2 = 0.12; P < 0.00001; Fig. 1).

The relationship between the widths of the global distri-
bution and of the regional distribution of species changed
during phylogeny: an interaction phylogenetic position X
global distribution had a highly significant positive effect on
the regional distribution of species (Table 2A); that is, the
positive relationship between global and regional distribution
of specieswas strongest among phylogenetically derived spe-
cies and diminished among phylogenetically basal species.
Figure 2 shows that this effect involved both a decline of the
slope of the global/regional relationship, and an increase in

(A) Multipleregression analysisrelating the width of the regional distribution of speciesto the width of their global distribution,

their phylogenetic position (basal to derived), and the interactions between phylogenetic position and global distribution. Potentially
confounding variables have additionally been taken into account in (B). Estimates of regression parameters, beta values (standardized
regression parameters), and the associated t-, F- and P-values are given. For the two categorical variables, lineage and vegetation type,
the overall F- and P-values are given; parameter estimates of the individual categories are not presented. P-values are one-tailed for
phylogenetic position X width of global distribution and two-tailed for the other variables. Sample size is 1514 species for (A) and 1340

species for (B).

Effect on the width of the regional distribution of species

Parameter Beta F t P

(A)

Constant 478.26

Width of global distribution —86.67 -0.11 1.56 -1.25 0.2124
Phylogenetic position —45.79 -0.26 10.18 -3.19 0.0014
Phylogenetic position X width of global distribution 19.56 0.60 35.73 5.98 <0.0001

R? = 0.18

(B)

Constant —15.71 <0.01 —-0.04 0.9715
Lineage 1.00 0.4662
Vegetation type 8.89 <0.0001
Occurrence in anthropogenic vegetation 659.77 0.34 171.64 13.10 <0.0001
Competitiveness 516.67 0.15 37.12 6.09 <0.0001
Latitudinal position of range —222.61 -0.13 15.84 —-3.98 0.0001
Distance of range position from central Europe —201.83 —0.08 3.14 =177 0.0765
Width of global distribution 18.17 0.02 0.04 0.21 0.8380
Phylogenetic position —62.28 0.30 11.95 —3.46 0.0006
Phylogenetic position X width of global distribution 16.92 0.50 19.14 4.38 <0.0001

R? = 0.40
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Fic. 2. Relationship between the width of the global distribution (occupancy of global floristic zones; x-axes) and the width of the
regional distribution (grid occupancy in eastern Germany; y-axes) among species of different phylogenetic position. Phylogenetic positions
(basal to derived) are given in brackets as the clade ranks of species. Smoothing is by distance-weighted least squares.

the scatter around the general relationship. In particular, the
combination of wide global with wide regional distribution
disappeared among basal species. This phylogenetic trend of
the global/regional relationship was much stronger than the
general relationship per se (Table 2). When we included sev-
eral potentially confounding variables into the analysis, the
effect of phylogenetic position X global distribution on the
regional distribution of species remained highly significantly
positive (Table 2B).

The observed effect of phylogenetic position on the global/
regional relationship was not confounded by cases of very
wide global distributions as we found them in several basal
species (Fig. 2). A restriction of the analysis to species with
adistribution of only five or fewer floristic zones yielded the
same result: the correlation between regional and global dis-
tribution diminished among basal species (df = 909; t =
—4.09; P = 0.000046; compared to df = 1288, t = 4.38; P
= 0.000013 in the original analysis). The effect of phylo-
genetic position was also not confounded by the bias in phy-
logenetic position, particularly in species from lineages that
are poorly represented in central Europe. Partial residuals of
the phylogenetic position X global distribution interaction,
averaged across lineages, did not correlate to the represen-
tation of the lineages in central Europe (n = 32 suprafamilial
lineages; Pearson’'sr = —0.159, P = 0.5277, Spearman’s r
= 0.052; P = 0.779).

Multiple regression analyses across separate independent
lineages always yielded a positive effect of phylogenetic po-

sition X global distribution on the regional distribution of
species (effect sizes: mean = 0.10; 95% conf. interval: 0.07—
0.13; Table 3). The meta-analysis showed that, across all
lineages, the effect of phylogenetic position X global distri-
bution on regional distribution was highly significantly pos-
itive (Table 3). In other words, the correlation between global
and regional distribution of species diminished among phy-
logenetically basal speciesindependently within all lineages.
Interestingly, the within-lineage relationship was about as
strong as the above across-lineage relationship (effect size
= 0.12).

Again, the results were not confounded by the bias of phy-
logenetic position in lineages poorly represented in central
Europe. We correlated the within-lineage effect size of phy-
logenetic position X global distribution to the representation
of the lineages in central Europe. We found that represen-
tation was not generally correlated to the effect size (n = 19;
Pearson’sr = 0.34; P = 0.092, Spearman’sr = 0.022; P =
0.929). If anything, there was a particularly large effect size
in two particularly well represented lineages for which phy-
logenetic position was thus only very slightly biased (Pinales
and Dipsacales). This increased the parametric Pearson’s r
coefficient.

Separate Effects of Phylogeny on Global and
Regional Distribution

We then tested the separate effects of phylogenetic position
on the regional and on the global distributions of species.
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TaBLE 3. Separate analyses of phylogenetic lineages. For each
lineage, the width of the regional distribution of species wasrelated
to the width of the global distribution, the phylogenetic position
(basal to derived), and the interaction between both. Moreover, a
set of control variables was included (see Materials and Methods).
For each lineage, the taxa involved, degrees of freedom (df), t-
value of the interaction term phylogenetic position X global dis-
tribution, and effect size Z, of the interaction are given. The last
row gives a meta-analysis of the effect sizes. As predicted, the
interaction phylogenetic position X global distribution is consis-
tently positive; that is, the positive correlation between the width
of distribution at global and regional scales is strongest among
derived species and diminishes among basal species.

Effect of phylogenetic position
X global distribution on
regional distribution of species

Lineage df t Z
Pinales 17 0.776 0.187
Liliales 25 0.199 0.040
Asparagales 45 0.784 0.117
Poales 247 2.459 0.156
Ranunculales 43 0.392 0.060
Saxifragales 10 0.084 0.027
Caryophyllales 110 0.900 0.086
Rosales 64 0.047 0.006
Fabales 62 0.883 0.113
Malpighiales 47 0.822 0.120
Myrtales 13 0.340 0.094
Brassicales 50 0.413 0.058
Ericales 25 0.116 0.023
Gentianales 25 1.037 0.206
Solanales 22 0.232 0.050
Lamiales 85 1.249 0.135
Apiales 47 0.621 0.090
Dipsacales 17 1.067 0.256
Asterales 163 0.743 0.058

Overall effect (n = 19)

Weighted t-test: t = 8,170; P < 0.0001
Wilcoxon rank test: Z = 3.823; P = 0.0001

We found a very weak albeit still significant decrease of the
global distribution from basal to derived species (R2 = 0.034;
P < 0.01). The regional distribution, in contrast, increased
very slightly (R2 = 0.012; P < 0.01). When we explored the
19 lineages separately we again found a decline of the global
distribution from basal to derived speciesin 13 lineages (sign
test, P = 0.17), a pattern that was significant in a meta-
analysis across all lineages (weighted t-test: t = —3.32, P =
0.0038; Wilcoxon rank test: Z = 2.17, P = 0.0298). For the
regional distribution we found a very low consistency of
phylogenetic trends across lineages (sign test, P = 0.646)
and a clearly nonsignificant overall pattern across lineages
(weighted t-test: t = 1.49, P = 0.1523; Wilcoxon rank test:
P = 0.3341). Note, however, that the relationship between
phylogenetic position and regional distribution becomes
stronger once the interaction between phylogenetic position
and global distribution is also taken into account (see above
multiple regression analysis; Table 2).

The within-lineage effects of phylogeny on global distri-
butions and on regional distributions of species showed an
interesting interaction. In the few lineagesin which the global
distribution increased among derived species (Pinales, Lili-
ales, Ranunculales, Fabales, Ericales, Asterales) we aso
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Fic. 3. Effect of the phylogenetic position (basal to derived) on
the global distribution and on the regional distribution of species
in 19 lineages. Effects are given as Z-transformed effects sizes (see
Materials and Methods). The line indicates x = y; that is, identical
phylogenetic trends of global and regional distribution. Note that
positive trends in global distribution always coincide with equiv-
alent trends in regional distribution.

found an increase of regional distribution among derived spe-
cies. The two trends were strongly correlated (n = 6; Pear-
son'sr = 0.90; P = 0.016). In contrast, in the numerous
lineages in which the global distribution increased among
basal species, we found no correlated trend in the species
regional distribution at all (n = 13; Pearson’sr = —0.012;
P = 0.704; Fig. 3). These results were confirmed in random-
ization tests in which global and regional values were ran-
domized with respect to each other (P = 0.032 vs. P = 0.689;
1000 randomizations).

Finally, we explored how the within-lineage effects of phy-
logeny on global distribution and on regional distribution
contributed to the diminishing global/regional relationship
among basal species. We found that increases of global dis-
tributions among basal species, but also decreases of regional
distributions, had a significant effect (n = 19; partial r =
—0.48and 0.60,t = —2.19 and 3.00, P = 0.0441 and 0.0086,
respectively). Together, these two effects explained 37% of
the variation. Hence, both regional and global factors con-
tributed independently to the observed decline of the global/
regional relationship among basal species. This explainswhy
univariate rel ationships between phylogeny and either global
or regional distribution are generally weak, whereas the com-
bined relationship to both in multiple regression analysis is
strong (Table 2).

Discussion

The results confirm the hypothesis that the positive rela-
tionship between the width of the global distribution and the
width of the regional distribution diminishes among phylo-
genetically basal species. This phylogenetic trend occurs con-
sistently across all lineages tested. We also found a rather
consistent, albeit weak, increase of global distributions
among basal species (see also Taylor and Gotelli 1994; Gas-
ton and Blackburn 1997). Finally, we found that the phylo-
genetic trend of the global/regional relationship depends on
the phylogenetic trends of both the global and regional dis-
tributions. Note that the prerequisite to all these analyses was
a definition of the width of global distribution that was un-
affected by quaternary shifts in the extension of vegetation
zones, or by the shape of the continents; namely, the occu-
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pancy of global floristic zones. The occupancy of sections of
continents, indicating the absolute global range size, was
hardly correlated to the regional distribution of species (see
Materials and Methods).

In our analyses we restricted ourselves to the central Eu-
ropean flora. This is clearly a limited basis, and such geo-
graphic sampling may introduce two major types of errors.
First, geographic sampling biases the assessment of phylo-
genetic position of species; that is, their clade rank across
the central European flora. Species from lineages poorly rep-
resented in central Europe will be ranked astoo basal because
many of their related clades are absent from central Europe.
However, by comparison to molecular datawe had found that
the magnitude of this bias is only low (see Materials and
Methods). Moreover, we had accounted for this bias in our
analyses by testing for consistency across lineages. Finally,
we had found that the bias in phylogenetic position did not
affect the results of our analyses. The results did not differ
among poorly and strongly represented lineages. Second, the
geographic sampling may bias the assessment of the regional
distribution of species. Species in lineages that have diver-
sified outside central Europe might have their distributions
centered in other parts of the world or within vegetation types
that are exceptional for central Europe. This would result in
an atypical, constrained regional distribution within central
Europe. However, we had accounted for this possible biasin
regional distribution by including global range-position and
vegetation typein our analyses (Materialsand Methods). This
did not change the results. Moreover, we had assured that
the results of our analyses do not depend on the lineage
investigated. Hence, our restriction to central European spe-
cies did not affect the results of our analysis. We thus believe
that the patterns observed are not an idiosyncratic result of
the region we analyzed.

Geographic sampling is not only methodologically inevi-
table and, aswe found, harmless to the results of our analysis,
but may even be adequate. Most of the mechanisms by which
phylogeny may influence the global/regional relationship (see
introduction) are at |east as relevant within a geographic sub-
set of ataxon as across the whole taxon. Competition from
closely related species, for instance, is clearly alocal or re-
gional process, and only the number of close relatives that
co-occur within the same geographic region isrelevant. Also,
the accumulation of natural enemies, the use of present-day
ecological niches, and the extinction of specieswith anarrow
regional distribution are regional processes; thus, the phy-
logenetic position at a regional scale may be at least as rel-
evant as the phylogenetic position at a global scale.

How can we explain the observed decline of the global/
regional relationship among basal species? We can largely
rule out the possibility that this pattern is the result of a
pseudocorrelation with confounding variables, such as tax-
onomic position, vegetation type, absolute and relative po-
sition of the global distribution of species, competitiveness
of species, or their adaptation to anthropogenic impacts. We
took all these variables into account. In doing so, we also
accounted for the possibility that basal speciesare marginally
distributed across ecological or geographic gradients (Ver-
meij 1987; Ricklefs 2003).

Many other explanations, however, cannot be ruled out so
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clearly. These explanations are related to the fact that basal
species have fewer close relatives than derived species, and
that their lineages have undergone either little speciation or
much extinction (see introduction). The small number of
closerelativesisevident from an analysis of species numbers
and species-to-genus ratios across families. Both parameters
are smaller in families composed of basal species than in
families composed of derived species (n = 144; r = 0.34
and 0.19; P < 0.001 and 0.021, respectively). The small
number of close relatives may translate into a small number
of competitors (Webb et al. 2002) and finally result in awide
regional distribution (Vaentine 1967). Also, the low speci-
ation rates or high extinction rates might have consequences,
although the exact nature of these consequences is subject
to much debate. Low speciation rates, for instance, corre-
spond (almost by definition) to alarger number of old species
(Vermeij 1978). If we assume that speciation is mostly local
(for plants see Levin 2000) this means that these old species
within the basal lineages could expand their global distri-
bution over long periods of time. The resulting large global
distributions may then have reduced the speciation rates even
further (Jablonski et al 2003). Moreover, old species have
passed through many global climatic oscillations that may
also have increased their global distribution (Jansson and
Dynesius 2002). However, low speciation rates may also fos-
ter the accumulation of natural enemies (Ricklefs and Ber-
mingham 2002), resulting in a decline of the regional dis-
tribution. Low speciation rates might finally reflect high gene
flow within species and low diversifying selection. Both may
slow down the pace of evolutionary change (Cockburn 1991,
Kemp 1999). Basal species may thus stick to their original,
ancient niches (Farrell and Mitter 1993) and only slowly
occupy new niches, for instance those resulting from the
increasingly cool climate since the mid-Tertiary (Behrens-
meyer et al. 1992). Derived species, in contrast, may be much
more efficient in occupying new niches and may thereby
gradually displace the basal species across a given region.
(From a punctualistic point of view this process would be
outright inevitable; Stanley 1979.) At the same time the glob-
al distribution may remain constant because species persist
for along time in their globa outpost. The high extinction
rate, on the other hand, may filter out species with narrow
global or regional distributions (Jablonski 1994).

These possible explanations can to some degree be as-
sessed based on our results. First, we found that in most
lineages basal species showed a distinctly wider global dis-
tribution than derived species. Thisis partial confirmation of
the notion of global range expansion in basal species. The
global expansion did not affect the regional range of species,
and hence the global/regional relationship diminished. Sec-
ond, we found no consistent changes of regional distributions
among basal speciesin different lineages. This seemsto con-
tradict the notions of reduced competition pressure, accu-
mulation of natural enemies, or slow occupation of new nich-
es in basal species. Nevertheless, these processes may still
operate within some of the lineages. In fact, our final analysis
has shown that the global/regional relationship diminishes
not only with increasing global distribution of basal species,
but also with decreasing regional distribution. Hence, such
decreases not only occur within some lineages, for instance
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due to accumulation of natural enemies or slow occupation
of new niches, but also contribute to the diminishing global/
regional relationship among basal species.

In six lineages, we found that among basal species the
global distribution declined. None of the above-mentioned
explanations predict such a global decline. Two of them,
however, predict declines of regional distributions that may
take place across the whole globe, and may thus amount to
a decline of the global distribution: basal species may ac-
cumulate natural enemies, and they may slowly occupy new
niches. Hence, these six lineages may be in a stage in which
global distribution is largely determined by regional pro-
cesses. Indeed, global declines of basal species within these
lineages were always accompanied by regional declines. We
find it remarkable that even in these lineages the correlation
between global and regional distribution diminished among
basal species.

The effect of phylogeny on the global/regional relationship
might, finally, be triggered by the narrow global distributions
of many derived species and the resulting range dynamics.
Due to their narrow global distributions, many derived spe-
cies might be more receptive to global climatic oscillations
than basal species (Bennett 1997; Jansson and Dynesius
2002). Imagine, for instance, a derived species that has orig-
inated and established a narrow global distribution at the
northern edge of a climatically suitable part of the globe.
This species will strongly profit from a northward shift of
global climatic zones and will densely occupy many of the
now available regions, resulting in an increase of both re-
gional and global distributions. In contrast, a derived species
that established its narrow range at the southern edge of the
originally suitable part of the globe would face the opposite
fate: regional and global distributions would decline. As a
result, global and regional distributions would be strongly
correlated across derived species, as we have observed. How-
ever, at the same time, the variation of global and of regional
distributions would be particularly high among derived spe-
cies. This was not the case (n = 19 lineages, t,o = 1.05, and
—0.18; P = 0.155 and 0.5, respectively; results not shown).
Hence, range dynamics resulting from narrow global distri-
butions of derived species may contribute little to the ob-
served effect of phylogeny on the global/regiona relation-
ship.

Our results have a number of implications for conservation
biology. The fact that most basal species are narrowly dis-
tributed either globally or, mostly, regionally implies that
they may face a risk of extinction due to factors operating
at either of these scales. Basal species thus deserve special
attention in conservation planning. Moreover, assessment of
the risk of extinction in a basal species requires information
on their regional as well as their global distribution. Extrap-
olation from regional to global distribution or vice versais
not possible. However, the fact that global and regional dis-
tributions are decoupled among basal species implies that
many of them have succeeded in escaping the downward
spiral of mutually reinforcing declines at multiple scales
(Gaston et al. 2000). There are even many basal species that
are narrowly distributed at both regional and global scales
and have nevertheless not gone extinct (contrary to Johnson
1998). We need to understand the mechanisms that permit
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such species to escape the double jeopardy of correlated de-
clines at multiple scales to effectively protect them.

In conclusion, the negative message from the present in-
vestigation is that the relationship between global and re-
gional distribution of species may be less general than was
previously thought (Lawton 1999). It may hardly apply to
phylogenetically basal species. Thereis arisk that other ma-
croecological patterns are ‘‘biased’’ in a similar way. The
patterns may be less universal than previously thought, and
so may be the underlying processes. The positive message,
however, is that the analysis of macroecological patterns
across a phylogeny may provide new insights into macro-
evolutionary processes. The present analysis was only afirst
step. It was restricted to extant species, and therefore could
not tease apart, with certainty, the effects of extinction, spe-
ciation, and evolutionary modification of species. In the fu-
ture we will need in situ analyses of macroecological patterns
across phylogenies (Jablonski et al 2004), that is, analyses
of fossil floras and faunas.

ACKNOWLEDGMENTS

We are grateful to S. Klotz for insightful suggestions on
this research and D. Ackerly, K. Bohning-Gaese, A. Cor-
poraal, R. Hengeveld, C. Johnson, and in particular R. Rick-
lefs for very helpful comments on the manuscript. The work
was partly funded by a Marie Curie Fellowship of the Eu-
ropean Union to AP (contract number MCFI-2001-01539).

LiTERATURE CITED

Angiosperm Phylogeny Group. 1998. An ordinal classification for
the families of flowering plants. Ann. Mo. Bot. Gard. 85:
531-553.

Behrensmeyer, A. K., J. Damuth, W. DiMichele, R. Potts, H. D.
Sues, and S. Wing. 1992. Terrestrial ecosystems through time.
Univ Chicago Press, Chicago.

Benkert, D., F. Fukarek, and H. Korsch. 1998. Verbreitungsatlas
der Farn- und Blutenpflanzen Ostdeutschlands. Gustav Fischer,
Stuttgart.

Bennett, K. D. 1997. Evolution and ecology. Cambridge Univ.
Press, Cambridge, U.K.

Benton, M. J. 1998. Molecular and morphological phylogenies of
mammals: congruence with stratigraphic data. Mol. Phylogenet.
Evol. 9:398-407.

Bremer, B., and 26 others 2003. An update of the Angiosperm
Phylogeny Group classification for the orders and families of
flowering plants: APG Il. Bot. J. Linn. Soc. 141:399-436.

Brown, J. H. 1984. On the relationship between abundance and
distribution of species. Am. Nat. 124:255-279.

———. 1995. Macroecology. Univ. of Chicago Press, Chicago.

Brown, J. H., J. F. Gillooly, G. B. West, and V. M. Savage. 2003.
The next step in macroecology: from general empirical patterns
to universal ecological laws. Pp. 408-424 in T. M. Blackburn
and K. J. Gaston, eds. Macroecology—concepts and conse-
guences. Cambridge Univ. Press, Cambridge, U.K.

Catalan, P., E. A. Kellogg, and R. G. Olmstead. 1997. Phylogeny
of Poaceae subfamily Pooideae based on chloroplast ndhF gene
sequences. Mol. Phylogenet. Evol. 8:150-166.

Chase, M. W., and 41 others. 1993. Phylogenetics of seed plants:
an analysis of nucleotide sequences from the plastid gene rbcL.
Ann. Mo. Bot. Gard. 80:528-580.

Cockburn, A. 1991. Anintroduction to evolutionary ecology. Black-
well Scientific Publications, Oxford, U.K.

Cowley, M. J. R., C. D. Thomas, D. B. Roy, R. J. Wilson, J. L.
Leon-Cortés, D. Guttiérrez, C. R. Bulman, R. M. Quinn, D.
Moss, and K. J. Gaston. 2001. Density-dependent relationships



2632

in British butterflies. |. The effect of mobility and spatial scale.
J. Anim. Ecol. 70:410-425.

Dierschke, H. 1994. Pflanzensoziologie. Ulmer, Stuttgart.

DiMichele, W. A. 1994. Ecological pattern in time and space. Pa-
leobiology 20:89-92.

DiMichele, W. A., and R. M. Bateman. 1996. Plant paleoecology
and evolutionary inference: two examples from the Paleozoic.
Rev. Palaeobot. Palynol. 90:223-247.

Dobzhansky, T. 1973. Nothing in biology makes sense, except in
the light of evolution. Am. Biol. Teach. 35:125-129.

Downig, S. R., D. S. Katz-Downie, and M. F. Watson. 2000. A
phylogeny of the flowering plant family Apiaceae based on chlo-
roplast DNA rpl16 and rpoC1 intron sequences: towards a su-
prageneric classification of subfamily Apioideae. Am. J. Bot.
87:273-292.

Doyle, J. A. 1998. Phylogeny of vascular plants. Annu. Rev. Ecol.
Syst. 29:567-599.

Durka, W. 2002. Chromosomenzahlen, ploidiestufen und DNA-Ge-
halt. Pp. 57-63 in S. Klotz, I. Kuhn, and W. Durka, eds. BIOL -
FL OR—eine datenbank mit biol ogi sch-okol ogischen merkmalen
zur flora von Deutschland. Bundesamt fiur Naturschutz, Bonn.

Earle, C. J. 2003. Gymnosperm database website. Available at http:
/Iwww .botanik.uni-bonn.de/conifers/index.htm.

Ellenberg, H. 1996. Vegetation Mitteleuropas mit den al pen in dko-
logischer, dynamischer und historischer sicht. Ulmer, Stuttgart.

Farrell, B. D., and C. Mitter. 1993. Phylogenetic determinants of
insect/plant community assembly. Pp. 253-266 in R. Ricklefs
and D. Schluter, eds. Species diversity in ecological commu-
nities. Univ. of Chicago Press, Chicago.

Felsenstein, J. 1985. Phylogenies and the comparative method. Am.
Nat. 125:1-15.

Frank, D., and S. Klotz. 1990. Biologisch-okologische daten zur
flora der DDR. 2d ed. Wissensch. Beitr. Martin-Luther-Univ.
Halle-Wittenb. 32:1-167.

Futuyma, D. J. 1983. Selective factors in the evolution of host
choice by phytophagous insects. Pp. 227-244 in S. Ahmad, ed.
Herbivorous insects: host-seeking behavior and mechanisms.
Academic Press, New Y ork.

Gaston, K. J. 1998. Species-range size distributions: products of
speciation, extinction and transformation. Philos. Trans. R. Soc.
Lond. B 353:219-230.

Gaston, K. J., and T. M. Blackburn. 1997. Age, area and avian
diversification. Biol. J. Linn. Soc. 62:239-253.

Gaston, K. J., T. M. Blackburn, J. J. D. Greenwood, R. D. Gregory,
R. M. Quinn, and J. H. Lawton. 2000. Abundance-occupancy
relationships. J. Appl. Ecol. 37:39-59.

Good, R. 1974. The geography of the flowering plants. Longman,
London.

Grabherr, G., G. Koch, H. Kirchmeir, and K. Reiter. 1995. Hem-
erobie osterreichischer Wal dokosysteme—vorstellung einesfor-
schungsvorhabensim rahmen des Osterreichischen beitrages zum
MAB-Programm der UNESCO. Zeitschr. Okol. Natursch. 4:
105-110.

Graham, S. W., and R. G. Olmstead. 2000. Utility of 17 chloroplast
genes for inferring the phylogeny of the basal angiosperms. Am.
J. Bot. 87:1712-1730.

Gregory, R. D., and T. M. Blackburn. 1998. Macroecological pat-
ternsin British breeding birds: covariation of species' geograph-
ical range size at different spatial scales. Ecography 21:527-534.

Grime, J. P., J. G. Hodgson, and R. Hunt. 1988. Comparative plant
ecology: a functional approach to common British species. Un-
win Hyman, London.

Gurevitch, J., and L. V. Hedges. 1999. Statistical issues in ecolog-
ical meta-analyses. Ecology 80:1142-1149.

Harte, J., T. Blackburn, and A. Ostling. 2001. Self-similarity and
the relationship between abundance and range size. Am. Nat.
157:374-386.

Harvey, P. H., and M. D. Pagel. 1991. The comparative method in
evolutionary biology. Oxford Univ. Press, Oxford, U.K.

Haynes, R. R., D. H. Les, and L. B. Holm-Nielsen. 1998. Pota-
mogetonaceae. Pp. 408-415 in Kubitzki, K., ed. The families
and genera of vascular plants. 1V. Flowering plants. Monoco-

ANDREAS PRINZING ET AL.

tyledones. Alismatanae and Commelinanae (except Gramineag).
Springer, Berlin.

Hengeveld, R. 1990. Dynamic biogeography. Cambridge Univ.
Press, Cambridge, U.K.

Hodgson, J. G. 1986. Commonness and rarity in plants with special
reference to the Sheffield flora. Part Il1. Taxonomic and evo-
lutionary aspects. Biol. Conserv. 36:275-296.

Hubbell, S. P. 2001. The unified neutral theory of biodiversity and
biogeography. Princeton Univ. Press, Princeton, NJ.

Jablonski, D. 1994. Extinctions in the fossil record. Philos. Trans.
R. Soc. Lond. B 344:11-17.

Jablonski, D., and J. W. Vaentine. 1990. From regional to total
geographic ranges: testing the relationship in Recent bivalves.
Paleobiology 16:126-142.

Jablonski, D., K. Roy, and J. W. Valentine. 2003. Evolutionary
macroecology and the fossil record. Pp 368-390in T. M. Black-
burn and K. J. Gaston, eds. Macroecol ogy—concepts and con-
sequences. Cambridge Univ. Press, Cambridge, U.K.

Jansson, R., and M. Dynesius. 2002. The fate of clades in a world
of recurrent climatic change—Milankovitch oscillations and
evolution. Annu. Rev. Ecol. Syst. 33:741-778.

Johnson, C. N. 1998. Species extinctions and the relationship be-
tween distribution and abundance. Nature 394:272-274.

Kemp, T. S. 1999. Fossils and evolution. Oxford Univ. Press, Ox-
ford, U.K.

Klotz, S. 1984. Phytookoloische beitrage zur charakterisierung und
gliederung urbaner dkosysteme, dargestellt am beispiel der stad-
te Halle und Halle-Neustadt. Ph.D. thesis, University of Halle,
Germany.

Kubitzki, K. 1998. Systematics and evolution. Pp. 23-34 in K.
Kubitzki. ed. The families and genera of vascular plants. Il1.
Flowering plants. Monocotyledones. Lilianae (except Orchida-
ceae). Springer, Berlin.

Kuhn, I., and S. Klotz. 2002. Angaben zu den arealen. Pp. 227—
240 in S. Klotz, |. Kuhn, and W. Durka, eds. BIOLFLOR—eine
datenbank mit biol ogisch-okologischen merkmalen zur floravon
Deutschland. Bundesamt fir Naturschutz, Bonn.

Kunick, W. 1974. Veranderung von floraund vegetation einer Gros-
stadt, dargestellt am beispiel von Berlin, (West). Ph.D. thesis,
Free University of Berlin, Germany.

Lang, G. 1994. Quartére vegetationsgeschichte Europas. Fischer
Verlag, Jena, Germany.

Latham, R. E. and R. E. Ricklefs. 1993. Global patterns of tree
species richness in moist forests—energy-diversity theory does
not account for variation in species richness. Oikos 67:325-333.

Lawton, J. H. 1999. Are there general laws in ecology? Oikos 84:
177-192.

Levin, D. A. 2000. The origin, expansion, and demise of plant
species. Oxford Univ. Press, Oxford, U.K.

Love, A., and D. Love. 1949. The geobotanical significance of
polyploidy. I. Polyploidy and latitude. Port. Acta Biol. Ser. A,
Special Vol. R. B. Goldschmidt: 273-352.

MacNally, R. C. 1995. Ecological versatility and community ecol-
ogy. Cambridge Univ. Press, Cambridge, U.K.

Magallon, S., and M. J. Sanderson. 2001. Absolute diversification
rates in angiosperm clades. Evolution 55:1762—1780.

Meusel, H., and E. J. Jager. 1992. Vergleichende chorologie der
zentraleuropaischen flora. Band IIl (Text). Fischer, Jena, Ger-
many.

Morgan, D. R., D. E. Soltis, and K. R. Robertson. 1994. Systematic
and evolutionary implications of rbcL sequence variation in Ro-
saceae. Am. J. Bot. 81:890-903.

Murray, B. R., and C. R. Dickman. 2000. Relationships between
body size and geographical range size among Australian mam-
mals: Has human impact distorted macroecological patterns?
Ecography 23:92—100.

Nee, S., A. F. Read, J. J. D. Greenwood, and P. H. Harvey. 1991.
The relationship between abundance and body size in British
birds. Nature 351:312—-313.

Neter, J., W. Wasserman, and M. H. Kutner. 1985. Applied linear
statistical models. 2d ed. Irwin, Homewood, IL.

Norell, M. A. 1995. Phylogeny and stratigraphy. Trends Ecol. Evol.
10:36-37.



PHYLOGENY OF MACROECOLOGICAL PATTERNS

Olmstead, R. G., and P. A. Reeves. 1995. Evidence for the poly-
phyly of the Scrophulariaceae based on chloroplast rbcL and
ndhF sequences. Ann. Mo. Bot. Gard. 82:176-193.

Olmstead, R. G., C. W. dePamphilis, A. D. Wolfe, N. D. Young,
W. J. Elisons, and P. A. Reeves. 2001. Disintegration of the
Scrophulariaceae. Am. J. Bot. 88:348-361.

Oxelman, B., M. Backlund, and B. Bremer. 1999. Relationships of
the Buddlejaceae s.l. investigated using parsimony jackknife and
branch support analysis of chloroplast ndhF and rbcL sequence
data. Syst. Bot. 24:164-182.

Pagel, M. 1997. Inferring evolutionary processes from phylogenies.
Zool. Scripta 26:331-348.

Partel, M. 2002. Local plant diversity patterns and evolutionary
history at the regional scale. Ecology 83:2361-2366.

Prinzing, A., W. Durka, S. Klotz, and R. Brandl. 2001. The niche
of higher plants: evidence for phylogenetic conservatism. Proc.
R. Soc. Lond. B 268:2383-2389.

———. 2002. Which species become aliens? Evol. Ecol. Res. 4:
385-405.

Pryer, K. M., A. R. Smith, and J. E. Skog. 1995. Phylogenetic
relationships of extant ferns based on evidence from morphology
and rbcL sequences. Am, Fern J. 85:205-282.

Pysek, P., K. Prach, and P. Smilauer. 1995. Relating invasion suc-
cess to plant traits: an analysis of the Czech alien flora. Pp. 39—
60 in P. PySek, K. Prach, M. Regmanek, and M. Wade, eds. Plant
invasion—general aspects and special problems. Academic Pub-
lishing, Amsterdam.

Reichard, S. H., and C. W. Hamilton. 1997. Predicting invasions
of woody plants introduced into North America. Conserv. Biol.
11:193-203.

Richardson, D. M., N. Allsopp, C. M. D’ Antonio, S. J. Milton, and
M. Rejmanek. 2000. Plant invasions—the role of mutualism.
Biol. Rev. 75:65-93.

Ricklefs, R. E. 2003. Global diversification rates of passerine birds.
Proc. R. Soc. Lond. B 270:2285-2291.

Ricklefs, R. E., and E. Bermingham. 2002. The concept of the taxon
cycle in biogeography. Glob. Ecol. Biogeogr. 11:353-361.
Ricklefs, R. E., and S. S. Renner. 1994. Species richness within

families of flowering plants. Evolution 48:1619-1636.

Rosenthal, R. 1984. Meta-analytic procedures for social research.
Sage Publications, Newbury Park, CA.

Savolainen, V., M. F. Fay, D. C. Albach, A. Backlund, M. van der
Bank, K. M. Cameron, S. A. Johnson, M. D. Lledo, J. C. Pintaud,
M. Powell, M. C. Sheahan, D. E. Soltis, P. S. Soltis, P. Weston,
W. M. Whitten, K. J. Wurdack, and M. W. Chase. 2000. Phy-
logeny of the eudicots: anearly complete familial analysis based
on rbcL gene sequences. Kew Bull. 55:257-309.

Schubert, R., K. Werner, and H. Meusel. 1990. Exkursionsfloravon
Deutschland. Vol. 2. Volk und Wissen. Verlag, Berlin.

Schubert, R., W. Hilbig, and S. Klotz. 2001. Bestimmungsbuch der

2633

pflanzengesel I schaften Deutschlands. Spektrum-Verlag, Heidel-
berg.

Schuster, R. M. 1976. Plate tectonics and its bearing on the geo-
graphical distribution of Angiosperms. Pp. 48-138in C. B. Beck,
ed. Origin and early evolution of angiosperms. Columbia Univ.
Press, New Y ork.

Sims, H. J., and K. J. McConway. 2003. Nonstochastic variation
of species-level diversification rates within angiosperms. Evo-
lution 57:460-479.

Sokal, R. R., and F. J. Rohlf. 1981 Biometry, 2d. ed. Freeman, New
York.

Stanley, S. M. 1979. Macroevolution, pattern and process. Freeman,
New Y ork.

Statsoft Inc. 1999. STATISTICA for Windows. StatSoft Inc., Tulsa,
OK.

Stebbins, G. L. 1985. Polyploidy, hybridization, and the invasion
of new habitats. Ann. Mo. Bot. Gard. 72:824-832.

Stebbins, G. L., and J. C. Dawe. 1987. Polyploidy and distribution
in the European flora: a reappraisal. Bot. Jahrb. Syst. 108:
343-354.

Stevens, P. F. 2001. Angiosperm Phylogeny Website. Ver. 5, May
2004: Available via http://www.mobot.org/MOBOT/research/
APweb/.

Taylor, C. M., and N. J. Gotelli. 1994. The macroecology of Cy-
prinella—correlates of phylogeny, body-size, and geographic
range. Am. Nat. 144:549-569.

Thompson, K., K. J. Gaston, and S. R. Band. 1999. Range size,
dispersal and niche breadth in the herbaceous flora of central
England. J. Ecol. 87:150-155.

Valentine, J. W. 1967. The influence of climatic fluctuations on
species diversity within the tethyan provincial system. Pp. 153—
166 in C. G. Adams and D. V. Ager, eds. Aspects of tethyan
biogeography. Systematics Association, London.

Vermeij, G. J. 1978. Adaptation and biogeography. Princeton Univ.
Press, Princeton, NJ.

———. 1987. Evolution and escalation. Princeton Univ. Press,
Princeton, NJ.

Walter, H. 1990. Vegetation und Klimazonen. Ulmer, Stuttgart.

Webb, C. O., D. D. Ackerly, M. A. McPeek, and M. J. Donoghue.
2002. Phylogenies and community ecology. Annu. Rev. Ecol.
Syst. 33:475-505.

Webb, T. J., and K. J. Gaston. 2003. On the heritability of geo-
graphic range sizes. Am. Nat. 161:553-566.

Willis, J. C. 1922. Age and area: a study in geographical distribution
and origin of species. Cambridge Univ. Press, Cambridge, U.K.

Wisskirchen, R., and H. Haeupler. 1998. Standardliste der Farn-
und Blutenpflanzen Deutschlands. Ulmer, Stuttgart.

Wolfe, A. D., and C. W. dePamphilis. 1998. The effect of relaxed
functional constraints on the photosynthetic gene rbcL in pho-
tosynthetic and nonphotosynthetic parasitic plants. Mol. Biol.
Evol. 15:1243-1258.

Corresponding Editor: M. Foote



