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Response to Comment on “An Update
of Wallace’s Zoogeographic
Regions of the World”
Ben G. Holt,1,2* Jean-Philippe Lessard,1,3*† Michael K. Borregaard,1 Susanne A. Fritz,1,4

Miguel B. Araújo,1,5,6,7 Dimitar Dimitrov,7,8 Pierre-Henri Fabre,7 Catherine H. Graham,9

Gary R. Graves,1,7,10 Knud A. Jønsson,7 David Nogués-Bravo,1,7 Zhiheng Wang,1,7

Robert J. Whittaker,1,11 Jon Fjeldså,7 Carsten Rahbek1,7

Kreft and Jetz’s critique of our recent update of Wallace’s zoogeographical regions disregards
the extensive sensitivity analyses we undertook, which demonstrate the robustness of our results to
the choice of phylogenetic data and clustering algorithm. Their suggested distinction between
“transition zones” and biogeographic regions is worthy of further investigation but is thus far
unsubstantiated.

Our update of Wallace’s zoogeographical
regions of the world was based on de-
tailed and documented information on

the geographic distributions and phylogenies of
more than 20,000 species of amphibians, mam-
mals, and birds. Kreft and Jetz (1) suggested that
we had not investigated the sensitivity of the emer-
gent biogeographic patterns to variation in the type
of phylogenetic tree, clustering methods, and ana-
lytical assumptions. Yet, these analyseswere clear-
ly indicated in themain text and explained in detail
in the supplementary materials of our paper. Kreft
and Jetz (1) thus failed to acknowledge that three
of the four issues they raised were addressed ex-
plicitly in our study. Their point regarding the

potential inclusion of “transition zones” between
zoogeographic realms is potentially interesting
but was neither supported by our results nor a
part of the analytical framework of our study. We
respond to each point in turn.

Kreft and Jetz (1) criticized the resolution of
the phylogenies used in our study but provided
no empirical evidence to substantiate their claims.
Naturally, there is variation among the vertebrate
clades in the resolution of the supertree phylog-
enies. Kreft and Jetz (1) suggested that analytical
methods could have been used to improve phy-
logenetic resolution. Although methods to resolve
polytomies are being developed, it is unclear
whether they provide any meaningful informa-

tion in biogeographic analyses or whether forcing
resolution of polytomies induces systematic error
(2). The previously published supertrees for am-
phibians (3, 4) and mammals (5) used in our
analyses have been widely cited in comparative
ecological and evolutionary studies. Our avian
supertree was based on a transparentmethod using
published phylogenies and DNA sequences—the
same data underlying the avian supertree recently
published by Jetz et al. (6).

Kreft and Jetz (1) noted that phylogenetic
branch length was not incorporated in our analyses
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Fig. 1. Map illustrating the performance of multivariate clustering of
phylogenetic beta diversity (pbsim) values. Mean silhouette values for ele-
ven zoogeographic realms delimited in (2), calculated for each object where:
s(i ) = [b(i ) – a(i )] / max[a(i ), b(i)]; where a(i) = mean of pbsim values between
grid-cell i and all other grid cells within grid-cell i’s realm, b(i ) = mean of
pbsim values between grid-cell i and all grid cells within grid-cell i’s
neighboring realm (i.e., the most similar realm that grid-cell i does not
belong to). Values range from –1 to 1, where positive mean values for a

realm indicate that objects within a realm are, on average, appropriately
placed within that realm. “Transition zones” should have relatively low
values. Our mean silhouette values presented in table S1 (2) are the most
relevant to the transition zone concept and describe the relatedness of grid
cells to their region, compared to the next best alternative; higher values
indicate greater relatedness. For the hypothetical example of Kreft and
Jetz, (1) the values are 1 and 0.89 for the black and red clusters, and 0.63
for the green transition zone cluster.
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of dissimilarity among assemblages. At the time
of our analyses, estimations of branch length ex-
isted only for the mammal phylogeny. We com-
pared analytical results with, and without, the
inclusion of branch length for the mammalian
phylogeny, demonstrating that differences were
negligible [see supplementary materials for (7)].
The inclusion of accurate branch length has the
potential to facilitate finer delineations of re-
gions within zoogeographic realms. However, our
analyses of mammals suggest that the broad bio-
geographic picture is unlikely to change substan-
tially. We also note that the dating of both the
mammalian phylogeny (5) and the recently pub-
lished dated avian phylogeny (6) has been ques-
tioned (8, 9). For example, 4 out of the 11 fossil
calibration points used by Jetz et al. (6) were
designated as being incorrectly identified avian
taxa (8), which skewed the basal dating by mil-
lions of years and affected extrapolation through-
out the supertree.

Kreft and Jetz claim that some of our realms
do not match our criterion of phylogenetic dis-
tinctiveness because they are “transition zones
where long-separated biota mix.” This argument
is qualitative rather than quantitative and is un-
supported by data or analyses. Kreft and Jetz (1)
based their hypothetical example on a subjective-
ly drawn map reflecting their perception of a
data-poor map from 1973 (10). Our analytical
results show little evidence of such a fundamental
distinction between the realms identified as tran-
sition zones by Kreft and Jetz (1) and other realms.
Our original figure 2 and table 1 indicate that the
Sino-Japanese realm was indeed the least distinct
of the 11 realms (see our original figure 1 for more
details). However, the Panamanian and Saharo-
Arabian realms, also highlighted as transition
zones by Kreft and Jetz (1), exhibit distinctive-

ness that compares favorably with the other
realms (Fig. 1). Although the distinction between
two different types of biogeographic regions might
be interesting and is perhaps worthy of further
investigation (11), it was beyond the scope of our
study and that of most other published, data-
intensive, biogeographic regionalization studies
(12–14).

Kreft and Jetz (1) argued that the “stopping
rule” used to determine the number of mean-
ingful biogeographic regions was arbitrary.
There is a technical inaccuracy in Kreft and
Jetz’s (1) comments. Although it is correct that
our Saharo-Arabian realm would be merged
into the Afrotropical realm if fewer realms were
produced, this result would not be in accord with
Wallace’s original map (15), as suggested by
Kreft and Jetz (1). Most of our Saharo-Arabian
realm falls within Wallace’s Palearctic.

The strength of our analytical approach is
transparency. The full unweighted pair group
method with arithmetic mean (UPGMA) cluster
dendrograms allow individuals to choose their
own cutoff points and set the number of regions/
realms [see figure S1 in the supplementary ma-
terials in (7) for an example]. The rationale be-
hind our choice of stopping rule was to select
standardized evaluation criteria cutoff points (i.e.,
95%, 99%, 99.9%), which explain a high level
of variation in the data and can be used as con-
ventional cutoff points for future comparisons.
Kreft and Jetz (1) suggested using a stopping rule
known as the “finding the knee” approach (12).
This approach, when tested during the prelimi-
nary analyses of our study, proved unsuitable be-
cause it consistently produced results far from
the point of maximum curvature on our evalua-
tion plots (the intended objective of this analyt-
ical process).

In sum, in response to the concerns raised by
Kreft and Jetz (1), we reaffirm that our analytical
approach is transparent, repeatable, and broadly
robust to the type and quality of data and to the
choice of algorithm used to define biogeographic
regions. We therefore refer interested readers to
the supplementary materials of (7) for detailed
illustrations of alternative regionalization solu-
tions that can be produced using these methods
and varying input data and parameters.
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