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Abstract. Here we describe the LegacyPollen 1.0, a dataset of 2831 fossil pollen records with metadata,
harmonized taxonomy, and standardized chronologies. A total of 1032 records originate from North
America, 1075 from Europe, 488 from Asia, 150 from Latin America, 54 from Africa, and 32 from the

Indo-Pacific. The pollen data cover the Late Quaternary (mostly the Holocene). The original 10,110
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pollen taxa names (including variations in the notations) were harmonized to 1002 terrestrial taxa

(including Cyperaceae)taxa, with woody taxa and major herbaceous taxa to genus level and other

herbaceous taxa to family level. The dataset is valuable for synthesis studies such as taxa areal
changes, vegetation dynamics, human impact (e.g., deforestation), and climate change at global or
continental scales. The harmonized pollen and metadata as well as the harmonization table are

available from PANGAEA (https://doi.pangaea.de/10.1594/PANGAEA.929773; Herzschuh et al.,

2021a). R code for the harmonization is provided at Zenodo (https://doi.org/10.5281/zen0do0.5910972;

Herzschuh et al., 2022) so that datasets at a customized harmonization level can be easily established.

1 Introduction

LargeBroad-scale palaeo-proxy databases provide important opportunities for making comparisons of

palaeoenvironmental synthesis studies compariscn—and for palaeodata-model validation, where

harmonized data processing is the foundationGlebaland—regionalpalace-proxy—databases—and

Earth-system-modelvalidation -(Galillard et al., 2010; Cao et al., 2013; Trondman et al., 2015). Several

continental fossil pollen databases have been successfully established (Gajewski, 2008), for example,

the European Pollen Database (EPD;_http://www.europeanpollendatabase.net/index.php, last access:

1 July 2020), the North American Pollen Database (NAPD; .

https://www.ncei.noaa.gov/products/paleoclimatology, last access: 1 July

2020httpHwrmnnede-noaa-govipaleoinapd-html) or-and the Latin American Pollen Database (LAPDs;
http://www.latinamericapollendb.com/, last access: 1 July 2020-httpHwwwrlatinamericapoliendb-com).

In recent years, efforts have been made to integrate such databases into the Neotoma Paleoecology

Database (https://www.neotomadb.org/, last access: 1 April 2021 https/wwarneotomadb-orgl; Williams

et al., 2018), which provides a global collection of pollen data among other palaeoenvironmental proxy
data. Furthermore, fossil pollen datasets for China and Mongolia (Cao et al., 2013; Herzschuh et al.,
2019) and Siberia (Cao et al., 2020) have been compiled.

The numerous pollen records available in open databases, however, are not yet consistent concerning
data type (e.g., pollen counts or percentages), pollen taxonomy, and nomenclature (Fyfe et al., 2009;

Cao et al., 2013) and neither were-are their metadata approved and harmonized. For example,
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palynologists identify pollen taxa to different taxonomic levels ranging from (sub-)species to order,
depending on the purpose of their study and the differentiability and preservation of the pollen grains.
Aceordingly,sSome efforts have been made to harmonize taxonomies of pollen taxa in the databases

(Fyfe et al., 2009; Giesecke et al., 2019;-Githumbi-etal;-2021; Mottl et al., 2021; Githumbi et al., 2022).-

Hhowever; a general framework is needed that can be applied to existing and newly published records.

Here we present LegacyPollen 1.0, a global taxonomically harmonized pollen dataset along with
standardized metadata from 2831 sites for which recent chronologies have also been established (Li et
al., 2022). This dataset is based on a general framework and implemented in R, which allows
customized datasets to be built as well as the inclusion of new pollen records. The LegacyPollen 1.0

dataset is available at PANGAEA (https://doi.pangaea.de/10.1594/PANGAEA.929773; Herzschuh et

al., 2021a) and provides both count and percentage pollen data. We also provide the R code and the

taxa harmonization table at Zenodo (https://doi.org/10.5281/zen0d0.5910972; Herzschuh et al., 2022).

2. Methods

2.1 Data sources

We initially downloaded 3147 late Quaternary fossil pollen records (including dating) from the Neotoma
Paleoecology Database (Neotoma hereafter:-last-aceess-April-2021) using the Neotoma package in R
(Goring etal., 2019; R Core Team, 2020). As the spatial coverage of Neotoma records in certain regions
is poor, for example, in China and Siberia, these records were supplemented by 324 records compiled

by Herzschuh et al. (2019) and Cao et al. (2013, 2020) and our own data (AW1, Alfred Wegener Institute).

a-few-new-records(AWH- Out of this pool, we selected 2831 records, including both raw (94.2%) and

digitized (5.8%) data, for which standardized chronologies could be established (Li et al., 2022).

2.2 Metadata processing

After checking the metadata of all records from the Neotoma and Asian datasets, we implemented the
following modifications: 1) we evaluated the units of the provided depth information (metere/millimetrer
to centimetrer) of all records and contacted Neotoma to correct the depth information of one record

(Dataset-ID 27027); 2) we checked each record's archive type (e.g., peat, lake) based on its site


https://doi.pangaea.de/10.1594/PANGAEA.929773

82
83
84
85
86
87

88

89
‘ 90
91
‘ 92
93
94
95
96
97
08
99
100

101

102
103
104

105

06
107
108

’109

description from Neotoma or original publication; and 3) we integrated two records (Dataset-ID 835,
3127) into a combined record (Dataset-ID 70001).

We collected the sample ages from the chronologies provided by Li et al. (2022), which were newly
established for all 2831 records using a standardized approach. Li et al. (2022) present estimated ages
for each centimetreer. For those records with sample depth at a sub-centimetreer scale, we applied a

linear interpolation to assign ages for each sample, performed in R (R Core Team, 2020).

2.3 Pollen data processing

2.3.1 Pollen taxa harmonization

Only terrestrial pollen taxa (including CyperaceaeCyperaceae) were taken into account, whilst
excluding aquatic pollen taxa as well as spores from mosses, ferns, fungi, and algae. First, we

standardized the taxon nomenclature. FerdoeingTo do so, weWe set up a master table containing all

pollen taxa names from the 2831 records and made names consistent (e.g., ‘betula’ to ‘Betula’), italics
for all taxa under family level (e.g., ‘Artemisia’ to ‘Artemisia’), abbreviation (e.g., ‘P. pumila’ to ‘Pinus
pumila’), synonym (e.g., ‘Gramineae’ to ‘Poaceae’), wrong spelling (e.g., ‘Aluns’to ‘Alnus’). This master
table is published in a machine-readable data format on PANGAEA

(https://doi.pangaea.de/10.1594/PANGAEA.929773.: in the “Further details” section; Herzschuh et al.,

2021a). Second, we harmonized the pollen taxa according to the classification of the Angiosperm

Phylogeny Group IV system_(APG IV; The Angiosperm Phylogeny Group et al., 2016) and the

Gymnosperm Database (https://www.conifers.org/)..—a—meodern—molecular-based—flowering—plant

— Woody taxa were harmonized to

genus level as well as some very common herbaceous taxa such as Artemisia, Thalictrum, and Rumex.
All other herbaceous taxa were harmonized to the family level. The various pollen taxa of heather plants

were summarized at the order level as Ericales.

2.3.2 Pollen data type standardization

Although most pollen records contain the count data (in-the-fellowing-named-the-raw’ data_hereafter),
the ‘pollen counts’ for those without raw pollen counts were back-calculated using the pollen
percentages and assuming a terrestrial pollen sum of 300 pollen grains, as most of the publications do

not provide a pollen sum. Altern
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replaced the original taxon name with its harmonized name and summed up all counts of the

harmonized taxa for each sample. As we only consider terrestrial plant taxa, some samples in records
may contain no pollen counts, and those samples were excluded from the harmonized dataset. We then

recalculated the terrestrial pollen percentages for each sample based on their total sum.

3. Structure of the LegacyPollen 1.0 dataset

3.1. Structure of site metadata

The metadata for each site in the LegacyPollen 1.0 dataset includes the following: Fhe-LegacyPollen

data;-andpellen-data-type(raw-counts/percentages)-Event (PANGAEA dataset identifier), Data Source,

Data Type (raw or digitized), Site ID (in the source datasets), Dataset ID (in the LegacyPollen 1.0

dataset), Site Name, Location (longitude, latitude, elevation, and continent), Archive Type (e.g., peat,

lake sediment core), Site Description (from original publication/Neotoma), and Reference. All site-

specific metadata are available at PANGAEA (https://doi.pangaea.de/10.1594/PANGAEA.929773;

Herzschuh et al., 2021a) in the “Further details” section (“Site _metadata of LegacyPollen 1.0

dataset.csvbeseription—of-sampling—sites”). Sample-specific-metadata—ineluding—depth—sample—age

3.2 Structure of pollen data

Sample-specific pollen metadata for the 2831 sites include depth, age (according to Li et al., 2022;

minimum age, maximum age, mean age, median age), and harmonized taxon names with count and

percentage data.

harmonized-taxeh-names-in-columns-To ease data handling, data files were separated for pollen count

data and pollen percentages and files for each region (Western North America, Eastern North America,
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Europe, Asia, Latin America, Africa, and Indo-Pacific) are provided separately in both -CSV and TXT
format. In total, 28 pollen data files are published at PANGAEA

(https://doi.pangaea.de/10.1594/PANGAEA.929773, in the ‘Other version’ section; Herzschuh et al.,

2021a) and can be joined by the dataset ID with other data products. Furthermore, we also provide the

taxa harmonization table at PANGAEA_(https://doi.pangaea.de/10.1594/PANGAEA.929773, in the

“Further details” section; Herzschuh et al., 2021).

4, Dataset assessment

4.1 Spatial and temporal coverage of the dataset

Of the 2831 records included in LegacyPollen 1.0, 670 records originate from Eastern North America
(<105°W; Williams et al., 2000), 362 from Western North America, 1075 from Europe, 488 from Asia,
150 from Latin America, 54 from Africa, and 32 from the Indo-Pacific (Fig. 1). Most records (2659
records, 93.9%) are in the Northern Hemisphere, where the main vegetation and climate zones are

covered.
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Figure 1. Map of the 2831 records for which standardized chronologies were established by source

and data type.
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As shown in Fig. 2, only 5.8% of the records are available from periods before the Last Glacial
Maximum (>26.5 cal ka BP), 10.2% cover part of the Last Glacial Maximum (26.5--19.0 cal ka BP;
Clark et al., 2009), and 45.7% cover part of the Last Deglaciation (ca. 19.0—11.7 cal. ka BP; Clark et
al., 2012). Almost all records (97.8%) cover part of the Holocene, among them, 65.2, 79.5, and 89.5%
cover the early Holocene (11.7—8.2 cal. ka BP), middle Holocene (8.2-—4.2 cal. ka BP), and late

Holocene (4.2—0 cal. ka BP), respectively.
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Figure 2. Histogram showing the number of available records in distinct time slices.

4.2 Harmonized taxonomy

A total of 10,110 terrestrial pollen taxa or taxa notations were obtained from the 2831 records, which
we condensed to 1002 families or genera through taxonomic harmonization (Fig. 3; Appendix Fig. 1).
On average, 10.8 original taxa or taxa notations are covered by one harmonized pollen taxon, ranging
from 1 to 599 (median: 2). Overall, Asteraceae (599), Fabaceae (437), and Apiaceae (276) are the
pollen taxa with most variants.

The biggest difference in taxa names and notations before and after harmonization can be found in
Europe with a mean of 42 variants per harmonized taxon and in Eastern and Western North America
(average of 22) with both centinents-regions also exhibiting the highest record density (Fig. 4). A high

amount of tropical and subtropical tree and shrub taxa can be found in the Southern Hemisphere, which
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are harmonized to genus level and therefore subsume to fewer harmonized taxa, and overall have a
higher taxa diversity than the Northern Hemisphere continents. In the Southern Hemisphere, the most
taxa and variants are harmonized for Fabaceae as this is the most common family found in tropical
rainforests and dry forests of Latin America and Africa.

Europe has the most harmonizations of herbaceous taxa from open landscapes: e.g., Asteraceae,
Apiaceae, or Caryophyllaceae. In North America and Asia, several species or species groups of major
woody taxa are harmonized to their respective genus level, e.g., Alnus and Acer in North America, or
Betula and Quercus in Asia. The Pinus Haploxylon and Diploxylon subgenera are subsumed into the

genus level Pinus, as the differentiation to subgenera level is not provided consistently.
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Figure 3. Number of records with taxa occurrences (per continent) and number of subsumed variants

per harmonized taxon. The figure shows the top 200 taxa with the highest number of records in the
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Figure 4. Number of taxa before and after harmonization (number of taxa > 150 were all grouped into

the class of 150).

5. Discussion

5.1 Quality of the LegacyPollen 1.0 dataset

To our knowledge, LegacyPollen 1.0 is the largest harmonized fossil pollen dataset including more than
twice the number of records ineluded-integrated in previously published datasets (e.g., Fyfe et al. (2009):
1032 records; Trondman et al. (2015): 636 records; Marsicek et al. (2018): 642 records; Giesecke et al.
(2019): 749 records; Mottl et al. (2021): 1181 records; Githumbi et al. (26212022): 1128 records).
Several regions have poor pollen-record coverage either because no records are available due to the
scarcity of suitable archives (e.g., continental interiors) or because available records were not compiled
and integrated into Neotoma. Ongoing initiatives on compilation of pollen data from Africa and Latin
America will allow a straightforward extension of the LegacyPollen 1.0 dataset using the provided
framework.

Representing a further advantage, the LegacyPollen 1.0 dataset is accompanied by consistent
metadata allowing for subsetting of the dataset. Aside from information about the location and archive
type, the metadata also includes sample ages that were inferred from recently revised chronologies (Li
et al., 2022) along with their age uncertainties (i.e., output from BACON; Blaauw and Christen, 2011)
and the framework and R code also allows a customized reestablishment of the age-depth models.

Generally, temporal coverage is good since about 14 cal. ka BP. Rather few records cover the glacial
period, which is mainly due to an absence of archives as many lakes and peatlands were dry; or covered
by ice-sheets. Many Asian records cover the Marine Isotope Stage 3 compared with Europe and North
America.

Taxonomic harmonization is required for multi-site synthesis studies (Fyfe et al., 2009; Trondman et
al., 2015; Marsicek et al., 2018; Herzschuh et al., 2019; Routson et al., 2019; Githumbi-et-al—2021;

Mottl et al., 2021; Zheng et al., 2021; Githumbi et al., 2022). This is particularly true when numerical

approaches are applied that measure compositional dissimilarity between pollen spectra, for example,

between fossil and modern sites for climate reconstructions using the Modern Analogue Technique or
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regression methods, or among fossil records for beta-diversity studies (Birks et al., 2012). If taxa are
not harmonized, an inferred high dissimilarity between two spectra may originate just from differences
in taxa nomenclature. On the other hand, if all taxa are harmonized to a-too high a taxonomic level, the
ecological signal might be lost (Giesecke et al., 2019). We applied an intermediate level of
harmonization taking growth-form (i.e., woody vs. non-woody) as additional guidance. We assume that
our approach best reflects the typical presentation of pollen data which is mainly limited by the pollen
morphological features visible at 400x magnification using light microscopy and the typical precision in

taxa identification of most pollen analysts.

5.2 Potential uses of LegacyPollen 1.0

LegacyPollen 1.0 can be used for a variety of palaeoenvironmental synthesis studies including
reconstructions of taxa distributions, climate, and biome change, which can be used for palaeo-model
validation (Gaillard et al., 2010; Cao et al., 2013; Trondman et al., 2015; Cao et al., 2020; Mottl et al.,

2021).

Plant taxa distribution changes based on mapping of pollen taxa can yield information about glacial
refugia and past migration patterns, as, for example, previously implemented for Quercus (Brewer et
al., 2002), Picea (van der Knaap et al., 2005; Zhou and Li, 2012), Larix (Cao et al., 2020), east Asian
tree taxa (Cao et al., 2015), and European broad-leaf forest (Woodbridge et al., 2014; Fyfe et al., 2015).
With the establishment of LegacyPollen 1.0, a Northern Hemisphere-wide analysis of past changes in
distributional ranges is now possible, as would help, for example, to better understand the different
post-glacial colonization patterns of Larix in Europe, North America, and Siberia (Herzschuh, 2020).
Such understanding of past range changes can underpin conservation management via the use of
species distribution modelling at a broad scale enhanced by the higher spatial resolution and larger

extent of LegacyPollen 1.0.

Studies aiming at broad-scale pollen-based vegetation reconstructions can benefit from the
harmonized LegacyPollen 1.0 dataset including via biomization approaches (Prentice et al., 1996),
multi-site ordination or classification approaches (e.g., two-way indicator species analysis; Hill, 1996;
Fletcher and Thomas, 2007; Connor and Kvavadze, 2009), or approaches relating modern to fossil

datasets (e.g., Modern Analogue Technique; Overpeck et al., 1985). Furthermore, quantitative
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vegetation reconstructions (e.g., Regional Estimates of Vegetation Abundance from Large Sites
(REVEALS) model; Sugita, 2007) can be easily implemented, as a synthesis of relative pollen
productivity estimates is already available for the Northern Hemisphere (Wieczorek and Herzschuh,
2020). Such quantitative information about taxa covers changes that can be directly compared to
vegetation model outputs (Dallmeyer et al., 2021) at regional to continental scales, which is a potentially
more accurate approach than translating pollen and model outputs first to biomes (Cao et al., 2019).
Pollen-based climate reconstructions are the backbone of palaeoclimate synthesis studies for the
continents (Marcott et al., 2013; Marsicek et al., 2018; Routson et al., 2019; Kaufman et al., 2020a, b).
The reconstruction of mean annual temperature (Tann), mean annual precipitation (Pann), and mean

temperature of July (Tsuy) using LegacyPollen 1.0 as input is an ongoing LegacyClimate 1.0 project

{Herzschuh-etal-—2021b)}. This will substantially increase the number of records and close data gaps
in the global temperature datasets and thus enable the evaluation of climate simulations at a
hemispheric scale (Wu et al., 2013; Hao et al., 2019). It will contribute to the “Holocene conundrum”
debate (Liu et al., 2014) and to the discussion of the relationship between temperature and precipitation
change (Trenberth, 2011; Routson et al., 2019).

Human activities are an important driver of vegetation change in addition to climate and other natural

forces (Ellis and Ramankutty, 2008; Mottl et al., 2021; Pavlik et al., 2021). Deforestation during the

Holocene period is At-the-Heolocene-time-seale,-deforestationis-of particular relevance which, with the

help of the LegacyPollen 1.0 dataset, can now be investigated at the hemispheric scale. The
harmonized chronologies of the LegacyPollen 1.0 dataset allow for the analysis of similarities and

dissimilarities in the temporal pattern of deforestation between continents.

6 Data and code availability

The data are published in the PANGAEA repository under PANGAEA

(https://doi.pangaea.de/10.1594/PANGAEA.929773, in the “Other version” section-;{ Herzschuh et al.,

2021a) in both comma-separated values (.CSV) and tab-delimited text (.TXT) formats for LegacyPollen
1.0 dataset of counts per continent and LegacyPollen 1.0 dataset of percentages per continent. Site
and-peollen-metadata, as well as a taxa harmonization master table, are provided in the “Further details”

section.
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The R code for taxa harmonization is stored on Zenodo (https://doi.org/10.5281/zen0do.5910972;

Herzschuh et al., 2022) along with an example dataset. Downloading pollen data from the Neotoma
Paleoecology Database, harmonizing the pollen taxa, and assigning ages to sample depth data to

create customized datasets can thus be easily done.
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Bombax -

Boscig ——

(Cassine -

Castillg -——

Casuarinaceae -
Chrysobalanus -e———
Clausena- —
Clerodendrum - —

Cochlospermuim -e——
|Scariq -
Dracaena -——
Fabales -——
Francoaceae -e————
Frankeniaceae -Sme—
Geniostoma -
Grevillea -
Hesperomeles -——
Heteropterys -
Lamanonia -——
L.aums ~E——
) L|Can|a I
Lindernjaceae -— ——
Loganiaceae -—
Marcgraviaceae -e—
Pachirg -e———
Parahancornia -ee—
Parrotia -
Pausinystalia -S———
Phytolaccaceae -———
Pilgerodendron -——
Pourouma -~
Psidium -—
Psydrax === m—
Plerocarpus -e——
Reevesia -
Sabiaceae -m-—-
Schne”a -
Swartzia —————
Theobroma e
Tovomita - —————
X|men!a |
Alphitonia -
Batlacgae -
Bruniacege -—
Bunchosia -e—
Caesalpinia -e———
Campylospermum -e———
Chrysobalanaceae -——
Colubring -———
_Cybianthus -——
chtyo_carrum ~—
Distylium =
Dum!a |
Euodia -
Gyrostemonaceae -
Hibbertia -
Hymenodictyon -——
Hyphaene -—
Icacinacege == m—
[llicium =
|soberlinia -————
Jacaranda -e———
Koelreuteria -
Lecythidaceae -——
Maq!_” [a -——
M etopiu -—————
) Qurateq -————————
Passifloraceae - m—
Philesiaceae -——
 Phyllostylon -ee———
Picrodendraceae =
Pseudolarix -
Pumca ~E—
Quararibea -—————
Saurauia -
. Searsia -
Sequoiadendron -———
Shirakiopsis -————
Styracaceae -
Tarchonanthus -———
Tarenna -e———
Timonius -
V|spaceqe -
Vitellaria -———
Actinidiaceae -
Aextoxicon -—
Agastachys =
Aleurites -
Andira -——
Anthostema -—
Antiaris -—
Antirheg -
Arytera -
Athrotaxis =
Baccaurea -

0 2 4
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no. of homogenizations

Acridocarpus -=
Adoxacege -mm—
Anacardium -
Anadenanthera -
Bersama -
Bomba -mm—
Boscia -
Cassine -
Castilla -=
Casuarinaceae =
Chrysobalanus -
Clausena -
Clerodendrum -
Cochlospermum -
iscaria -m—
Dracaena -
Fabales ———
Francoaceae -
Frankeniace ae -—
Geniostoma -=
Grevillea-=
Hesperomeles =
Heteropterys -
Lamanonia -
| aurys =
.~ Licania -
Linderniacege -mm—m
Loganiaceae -mm——
Marcgraviaceae -mm—
Pachira -
Parahancornia -
Parrotia -
Pausinystalia -mm—.
Phytolaccaceae -m——
Pilgerodendron -
Pourouma -
Psidium -m—
Psydra -m—
Pterocarpus -
Reevesia =
Sabiaceae -m—
Schnellg -m—
Swartzia -m=-
Theobroma -
Tovomita -
Ximenig --—
Alphitonia -=
Bataceae ==
Bruniaceae =
Bunchosia -
Caesalpinia ==
Campylospermum -=
Chrysobalanaceae -mmm—m
Colubring -
Cybianthus -
D|ctyolcar¥um -
Distylium -
Duroia =
Euodia -=
Gyrostemonaceae =
Hibbertig -
Hymenodictyor -
Hyphaene -
Icacinaceae -m—
[llicium =
Isoberlinia -m=—-
Jacaranda =
Koelreuteria -mm
Lecythidaceae -
Maquira -
Metopium -
_Ourateq ==
Passifloraceae -mmmm
Philesiaceae -
 Phyllostylon -we
Picrodendraceae -
Pseudolarix-=
Punica -
Quararibea =
Saurauia =
Searsia -m-—
Sequoiadendron =
Shirakiopsis -
Styracaceae ==
Tarchonanthus =
Tarenna -mem
Timonius =
Viscacege -mm—
Vitellarig -m—
Actinidiaceae -
Aextoxicon
Agastachys =
Aleurites -m—-
Andira -m—-
Anthostema -
Antiaris -
Antirheg -
Arytera =
Athrotaxis -
Baccaurea ™
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no. of records

Ba vh!a ———
Berlinjq -———
Bischofia -
Bo[assus ~
Bruceq -———
Brune"!a -
Bursaria -
Calophyllaceae -———
Calophyllum =
Cassipourea -—
ata|pa -E—
Chamaecyparis -—
Cleistanthys -S—————
Colg -———
Conna[us ~I—
Cordyline -
_ Dacryodes_
Dichrostachys -———
Didymotheca -
Dillenia =
Dysoxylum =
Elattostachys -
Endospermum =

Flacourtiaceae -
Forestierg -————————

Gaertnera -————————
Glyptostrobus =
Guioa -
Gymnosporia -———
elicostylis -m——————
Heritiera =
Ho|0pte|ea -
HUl_'a ~—
[rvingia -~ — ——
La_cmg| 0g ——
Lepisanthes -——————
Lonchocarpus -———
Lophira -e——
Maprounea -—
Usanga - ——
Myristica -
Myristicaceae - — —
Myrgxyk)n -
Necnauclea =
Ochroma - ———
Qlacaceae -
Ormosia -——————
Persoonia -
P| taden R r—
lerandra -
Posoqueria -e————
Saururaceae -
Sonn_de|a_ -
T.ach|ga|| -~
Talinaceae - E—
Tamarindus -———
Tecoma —
Treculia -——————
Trichanthera -————————
Trichocladus -———
Trochodendron -
vUrera I —
\(}ahhaceae_
angueria
V\(%ttinia
Achariaceae -—
Acronychia =
Adansonia -———
Aglaia-
Alangium -
Allocasuarina -
Ampelocera -—
Anopterus -
AnOpyxis -——
Antrocaryon -e——
Aphanamixis -
Aporosa -
Baeckea
Balanops -
Bemera e |
Beyeria -
Blepharandra -—
Bombacopsis -—
Bravais|a -—
Broussonetia -
Brownea -e—
Burkea -—
Callicarpa -
Camellia -
Canarium -——
Cariniana -——
Catostemma -—
Ceroxylon -—
Chaetachme -—
Chloranthaceae -—
Coffea -—
Columelliacege -m—
Commersonia -
Copernicig -——
Costaceae -mm—

0 2

no. of homogenizations
Bth!a —
Berlinja -m—
Bischofia -
Borassus -—
Bruceq -—
Brunellia -——
Bursaria -
Calophyllaceae -————
Calophy!lum -
Cassipourea -
a{a|pa -E—
Chamaecyparis -—
Cleistanthys -—
Colg -mm—
Con narys -
Cordyline -m——
~ Dacryodes -
Dichrostachys -—
Didymotheca -
Dillenia -m—
Dysoxylum -
Elattostachys -mmm
Endospermum -
Flacourtiaceae -mmmm
Forestiera -
Gaertnera -m—
Glyptostrobus -
Guiog -m—
Gymnosporia -e——
elicostylis -mmm—
Heritiera -—
Holoptelea -mm—
Hu[a -
[rvingia -————
Lacme| 0 -——
Lepisanthes -—————
Lonchocarpus -
Lophira -
Maprounea -e——
Usanga -—
Myristica -mm—
Myristicaceae -—
Myroxylon -——
Neonauclea -S——
Ochroma -e—
Qlacaceqe
Ormos|a -m—
Persooniq -—
Piptadeniq -s——
lerandra -—
Posoqueria -e——
Saururacege -S—
Sorindeia -S—
Tachigali -
Talinaceae -——
Tamarindus -e—
Tecoma —
Treculia -———
Trichanthera -S————————
Trichocladus -
Trochodendron -
) Urerg -——
Vahliacege -mmm—
V?,r\}g Uierig -—
[ettinia -——
Achariaceae -e—
Acronychig -
Adansonia -—
Ag_|3|a -
Alangium -—
Allocasuaring -
Ampelocera -
Anopterys -Se—
ANOpyxis -S——
Antrocaryon -
Aphanamixis -—
Aporosa -
Baeckeq -n—
Balanops -
Beme[a -
Beyeria -m—
Blepharandra -S—
Bombacopsis -s—
Bravaisia -me—
Broussonetiag -mm—
Brownea -
Burkegq -
Callicarpa -m—
Camellia -m—
Canarium -——
Cariniana -—
Catostemma -
Ceroxylon -S—
Chaetachme -—
Chloranthaceae -—
Cgffea ——
Columelliacege -
Commersonia -
Copernicia -
Costaceae -

0 2
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Co utareq -ee———
Cunninghamia -
Cupaniopsis -
Cyclanthaceae -—
Cyclocarya-
Cyclophyllum =
Detarium -———
o Dialium -——
Didiereaceae -S—
Dipterocarpaceae -
Entandrophragma -—
r|9theca -
Escalloniaceae -mm——
Excoecaria-
Fagaro o ——
Ferdinandusa -e———
F|tzroya S
F|uegg £
Fouquieriaceae -—
Goupig -—
Gymnanthes -E—
qrostemon b
alocarpus =
Hopea-
Khaya -——
Kunzea -
Lardizabalaceae -
Leitneria -—— ———
Lepidocaryum -e——

Loasaceae -e—

Mangifera =

Mam kara -———

Melicytus =
Meryta -

M IMUSOpS ~——
Monimiaceae -—
Myoporaceae -

Myrcia ~——————
Nestegis -mmm—
Nyssaceae -—
070107 -e—
Paeoniaceae -mmm—
Palaquium -
Papuacedrus -
Peﬂogyne e |
Pemphis -
Pentaphylacaceae -
Pherosphaera -

Piliostigma -e—

) PisCidia -———
Pittosporaceae -
Platycladus -

Premna- I

Pritcharda -m—

Pseudolmedia -——

Pseudospondias -———
Pteroceltis =

Pterogy Ne -
Pterolobium -

Qualeq -~ ——————

RavenQa -
Rhopalostylis -

Ruageq -s—

. Sch|n0p5|s_
Schisandraceae -

Schizolobium -———————

. Schrebera ——————

Simaroubaceae -S———

Simmondsiaceae -——

S\paru Na -
Skimmia-

Sonneratia - —

Sorocea -—

Strombosia -——

Strychnos -——————

yag rys -

5 ngonium —

axaceqe -—

Tetracarpaeaceae -

honopsis -

Vep ris -

Zanha -—

Zieria=

Abatig -m—

Acanthophoenix -—

Aceraceae =

Achatocarpus -
Acmena -
Acnistus -—

Adelobotrys -mmm—
Adenanthera -—
Afraeq|e -m—
Afzg i -—

A|d|_a -—
Alchorneopsis -s—
Alfarog -m—
Aloys g -m—
Alston g -m—
Amaioug -m—
Amyris -—
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Coutarea -
Cunninghamig -
Cupaniopsis -e——
Cyclanthaceae -—
Cyclocarya -
Cyclophylluim -—
Detarium -m—
~_ Dialiym -—
Didiereaceae -S—
Dl{)te rocarpaceae -——
Entandrophragma -
riotheca -
Escalloniaceae -m—
Excoecaria -me—
Fagaropsis -S—
Ferdinandusa -
Fitzroya -
Flueggea -mmmm
Fouquieriaceae -mm—
Goupia -m—
Gymnanthes -m—
q/rostemon —
alocarpus -s—m
Hopea -
Khaya -
Kunzes -—
Lardizabalaceae -
_ Leitnerig -m—
Lepidocaryum -—

Loasaceae -m—

Mangifera -m—

Manilkara -S—

Melicytus -
 Meryta -m—

MIH’I_USODS ——
Monimiaceae -e—
Myoporacege -

Myrcig -m—
Nestegis -mu—
Nyssaceae -—

0zorog -—
Paeoniaceae -m—

Palaquium -
Papuacedrus -m—

Peltogyne -—

Pempms -
Pentaphylacaceae -
Pherosphaera -
Piliostigma -—
. PisCidia -mm—
Pittosporaceae -m—
Platycladus -
Premna -

Pritchard ja -——

Pseudolmedia -
Pseudospondias -m—
Pteroceltis -mm—
Pterogyne —

Pterolobium -
Qualeq -——
Ravenela -E—
Rhopalostylis -
Ruagea -me—
~ Schinopsis -
Schisandraceae -m—
Schizolobium -
_ Schrebera -m—
Simaroubaceae -—
Simmondsiaceae -
Siparuna -—
Skimmja -m—
Sonneratia -——
Soroceq -
Strombosia -
Strychnos -e—
yagrus -e——
Syngonium -——
axaceqe -
Tetracarpaeaceae -S—
nonopsis -
\/ep ris -—
Za.n na -
Zieria -m—
Abatia -m—
Acanthophoenix -

Aceraceae -mm—

Achatocarpus -
Acmena -—
Acnistus -mm—

Adelobotrys -
Adenanthera -m—
Afraeg|e -m—
Afzelia -m—

Aidia -m—
Alchorneopsis -m—
Alfarogq -
Aloys g -mm—
Alstonia -
Amaiouyg -—
Amyris -m—
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Androstachys -——
Anemopaegma -———
Ango? ora -
Anodopetalum -
Anthodiscus -s—
Aphloia -————
Araucariaceae -
Arenga -
Astma -
Baikiaea -——
Balfourodendron -———
Barringtonia -
_ Basellaceae -——
Biebersteiniaceae -
X Billia -e—
Bismarckia -s——
Bixaceae -m—
quea —“—
Bossiaea =
Bougainvillea -s—
owdichia -————
Brachylaena -—
Cabralea -———
Calliandra -s———
Calycanthaceae -———
Calycophyllum -se——
Campomanesia -S—
Campsiandra -e——
Ca not!a -~
Carallia -
Caﬂca -~
Carissq ——
Caryodendron -———
Casasiq " —
Cathq -—————
Cathaya -ee—
Centrolobium -e———
Cercidiphyllum -
Charpentiera -
Cheirodendron -———
Chelyocarpus -—
Chionanthus =
Citharexylum -e——
Cleidion -——
Cocos -
Codig ———
Codonocarpus -
Colophospermum -—
Couepia -e—
Couratari - ——
Crateva -————
Cratoxylum -
Cryosophila -——
Cyrillaceae -—
Daphniphyllum -
asyphyllum -e——
Decaspermum -
i Deloniy -——
Dichapetalaceae -—
chtyosggrma —
INiZia ~
Dobera -———————
Drac?fhyllum -
|aeag a -—————
E|aeo|uma ———
Ence“a -—
Eremophila -
Eriostemon -
Erithalis -e—
Erythroxylaceae -——
Esenbeckia -——
Euptelea -
Eupteleaceae -
Expstema N
Ficalhoa ~—
Fleroya -m—
Foetidia -———
Ganophyllum -——
Geissanthus -——
Geyuing -—
Gomoﬂega ~
Guaigcum -S—
Guatteria -S—————
Gymnostoma -
rocarpys -e—
Haematostaphis -S—
Haematoxylum -——
Haloxylon -
Hasseltia -——
He|5lter!a ~—
Helwingia -
Herrania -———
Heteropanax -
. eVveq T
Hippomane -—
Hirtellg -——
Hydroleaceae -——
Hyop horbe -E—
Idesia -
Iriartellq -—————
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. Africa

no. of homogenizations

Androstachys -
Anemopaegma -m—
Ango? Org -—
Anodopetalum -—
Anthodiscus -
Aphloig -—
Araucariaceae -—
Arenga -—
Asiming -S—
Baikiaea -m—
Balfourodendron -
Barringtonia -—

. Basellaceae -m——
Biebersteiniacege -mm——
) Billic -m—
Bismarckia -mm—
Bixaceae -——
quea ——
Bossiaea -mmmm—
Bougainvillea -
owdichia -m—
Brachylaenz -
Cabralea -—
Callliandra -—
Calycanthaceae -m—
Calycophyllum -
Campomanesia -——
Campsiandra -m——
Canotia -—
Carallia -m—

Caricq -—

Carissa -—
Caryodendron -
Casasia -—

Cathg -—

Cathaya -—
Centrolobium -e—
Cercidiphy|lum -—
Charpentiera -m—
Cheirodendron -
Chelyocarpus -
Chionanthus -
Citharexylurn -—
Cleidion -—

COCO_S ——

Codig -—
Codonocarpus -
Colophospermurm -—
Couepig -—
Couratarj -e—
Crateva -—
Cratoxylum -—
Cryosophila -—
Cyrillaceae -m—
Daphniphy|lum -—
asyphylum -—
Decaspermurm -

. Delonix -mm—
Dichapetalaceae -m——
chtyongerma -S—
INizig -—

Dobera -m—
DractEJhyllum ~—
[agagia -m—
Elaeoluma -mmm—
Encelia -mm—
Eremophila -—
Eriostemon -m—
Erithalis -mm—
Erythroxylaceae -—
Esenbeckia -mmm—
Euptelea -—
Eupteleaceae -mm——
Exostema -m—
Ficalhog -—

Ganophy|lum -—
Geissanthus -—
Gevuing -—
Gomortega -—
Guaigcum -e—
Guatteria -S—
Gymnostoma -
Gyrocarpus -m—
Haematostaphis -m—
Haematoxylum -m—
Haloxylon -—
Hasseltia -m—
Heisteria -m—
Helwingia -—
Herrania -—
Heteropanax -—

_ Hevea -—
Hippomane -—
Hirtella -—
Hydroleaceae -—
Hyophorbe -
_Idesig -m—
Iriartella -m—

0 1 2
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no. of records

Iryanthera -———
Julbernardia -————
Kielmeyera -——
Kigelia -——
Kiggelaria -——
Knightia =
Labourdonnaisia -———
Lacistema -e—
Lafoensia -——
Lasianthus -—————
Latania -————
Lawsonia =
Leptecophylla -—
Leucaena -————
Leucosideq -—
Libocedrus -
Liliales =
Longetia -———
Lumnitzera -————
Lyonia -—
Maackia -
Mandevilla -———
Maranthes -———
Metasequoia -
Metroxylon -
Microtropis -
Millettia -
Montiniaceae -——
Morinda -————
Moringa -
Muntingia -S—
Myrceugenia -————
Naucleg -—
Noronhiza -S——
Notelaea =
Nothocestrum -—
Ochna -——
Qlinia ~———
Operculicarya -——————
Opiliaceae -m——
Pappea -——
Parkia -——
Pedaliaceae -
Peltophorum -——
Penaeaceae -—
Pentadesma -——
Penthoraceae -—
Phy||ca -
Phytelephas -——
Pipturus -
Pithecellobium -————
Platanaceae -S————
Pometia -
Poupartia -——
Prockia -—
Psiloxylon -——
Psittacanthus -————
Ptaeroxylon -—
Ptelea -—
Pterandra -—
Pygeum -
Rapateaceae -——
Rinorea -—
Salvadoraceae -—
Samydaceae -
Santiria -——
Sassafras -—
Scalesia -—
Scheelea -——
Sclerocarya -—
Scutia ——
Senefeldera -———
Sphenocleaceae -————
Spirotheca -——
Stemonuraceae -——
Stereospermum -————
Streblus -
Sty|ogyne -
Swietenia -———
Symplocaceae -
Talipariti -————
Tetracentron =
Thevetia -——————
Tropaeolaceae -——
Turpinia -
Umbellularia -—
Velloziaceae -— —
Vouacapoua - —
Wendlandia -
Xanthomyrtus -
Xyma|05 —
Zamiaceae -—
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no. of homogenizations

Iryanthera -—
Julbernardia -—
Kielmeyera -—
Kiﬁ]elia -—
Kiggelaria -m—
Knightia -—
Labourdonnaisia -—
Lacistema -—
Lafoensia -mmm—
Lasianthus -——
Latania -—
Lawsonia -—
Leptecophylla -mm—
Leucaena -—
Leucosideq -mm—
Libocedrus -mm—
Liliales -mm—
Longetia -—
Lumnitzera -—
Lyonia -—
Maackia -—
Mandevilla -—
Maranthes -—
Metasequoia -mmm—
Metroxylon -—
Microtropis -m—
Millettia -—
Montiniaceae -mmm—
Morinda -—
Moringa -—
Muntingia -—
Myrceugenia -mm—
Naucleq -—
Noronhia -—
Notelaga -—
Nothocestrum -—
Ochna -—
Olinig -—
Operculicarya -—
Opiliaceae -m—
Pappea -m—
Parkia -—
Pedaliaceae -mmm—
Peltophorum -
Penaeaceae -mmm—
Pentadesma -—
Penthoraceae -m—
Phylica -—
Phytelephas -——
Pipturus -—
Pithecellobium -—
Platanaceae -S—
Pometia -me—
Poupartia -s—
Prockia -—
Psiloxylon -mmm—
Psittacanthus -s—
Ptaeroxylon -
Ptelea -m—
Pterandra -—
Pygeum -
Rapateaceae -m—
Rinorea -—
Salvadoraceae -S—
Samydaceae -—
Santiria -S—
Sassafras -—
Scalesia ——
Scheeleq -m—
Sclerocarya -—
Scutia -Sm—
Senefeldera -m——
Sphenocleaceae -—
Spirotheca -—
Stemonuraceae -—
Stereospermum -—
Streblus -—
Stylogyne -—
Swietenia -—
Symplocaceae -—
Talipariti -s—
Tetracentron -—
Thevetia -—
Tropaeolaceae -m—
Turpinia -S—
Umbellularia -s—
Velloziaceae -mm——
Vouacapoua -mm—
Wendlandia -—
Xanthomyrtus -—
Xymalos -—
Zamiaceac -——
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500 Appendix Figure 1 (complete Figure 3). Number of records with taxa occurrences (per continent)

501  and number of harmonizations per taxon (full taxon list).



