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A targeted metacollection of Nordic gardens reveals horticultural endemism of threatened

woody plants

Michael D. Pirie'*, Heidi Lie Andersen’, Anders Backlund?, Jennifer Audrey Bamber?, Rita
Katrina Berga“, Lars Birck®, Sam Brockington®, Ingunn W. Jolma’, Tina Jgrgensen®, Tuomas
Kauppila®, Anneleen Kool®, Madara Lazdane®, Nils Lidbaum™, @ystein Lofthus®, Patricia
Malcolm™, Niels Arne Melballe', Sofie Olofsson', Allison Perrigo'®, Fraya Rakvaag®, Jukka
Reinikainen', Mari Rustan'®, Anders Raebild®, Jaakko Saarinen™, Inkeri Salo'®, Johnny
Schimmel'’, Henrik Sjgman®, Linda Strode'®, Juha Ujula?®, Hannah Wilson?" Tomas Zicha? &

Alan Elliott?'*

"Department of Natural History, Bergen University Museum, Norway (Arboretum; Botanic

Garden)

2’Linnaean Gardens of Uppsala, Uppsala University, Sweden
3Stavanger botanic garden, Stavanger Kommune, Norway
“University of Latvia Botanical Garden, Riga, Latvia

SUniversity of Copenhagen, Denmark (Harsholm Arboretum; Horticultural Gardens; Botanical

Garden)

SUniversity of Cambridge Botanic Garden, UK
’Rogaland Arboretum, Sandnes, Norway

80ulu University Botanic Garden, Finland
®University of Oslo Botanical Garden, Norway
0Stiftelsen Ekolsunds Slott och Park, Sweden
"Botanic Gardens Conservation International, UK
2Geografisk Have, Kolding, Denmark

BLund University Botanical Garden, Sweden

“Arboretum Mustila, Finland



28

29

30
31

32
33

34

35

36

37

38

39

40

41
42
43
44
45
46
47

48

49

50
51
52
53
54
55
56

BlrisBG, Compositae AS, Rykkinn, Norway
®Urban environment and landscape designing, City of Helsinki, Finland

"Stiftelsen Arboretum Norr, Baggbole, Swede; Swedish University of Agricultural Sciences,

Umeéa, Sweden

8Gothenburg Botanical Garden, Gothenburg, Sweden; Department of Landscape Architecture,

Planning and Management, Swedish University of Agricultural Sciences, Lomma, Sweden
®Kalsnava Arboretum, Latvia
2%University of Turku Botanic Garden, Finland

2'Royal Botanic Garden Edinburgh, UK

*Corresponding authors: michael.pirie@uib.no, aelliott@rbge.org.uk

Societal impact statement

Living collections offer a last chance to conserve species at risk of extinction. We need to know
where threatened plants are held and coordinate to conserve them. We pulled together
information from 22 collections of trees and shrubs centred in the Nordics to compare species
and discover which could be used for conservation action. Of the thousands of individual
specimens representing hundreds of threatened species around a third have documented wild
origins. A few are common in collections, but most are rare and vulnerable to loss. We can now

act together to secure these essential resources for future generations.

Summary

e There is huge potential for bringing together international networks of Botanic Gardens
and Arboreta and pooling their resources for coordinated action to conserve threatened
species. Realising this potential requires effectively managing complex, largely
independently acquired data for tens of thousands of species and many more individual
plants with different wild or cultivated origins.

o Here we describe the establishment of a metacollection of threatened, temperate

woody plant species held across 22 collections in Denmark, Finland, Greenland, Latvia,
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Norway, and Sweden. We align taxonomic data to the World Flora Online to identify
priority taxa and then compare accession-level data using Botanic Garden Conservation
International’s PlantSearch database to assess the conservation value of collections
across the network.

e Taxonomic alignment reduced the numbers of apparently unique taxa recorded in
names databases across the metacollection by 70% and numbers of threatened taxa by
36%. Going from names records to living plants, the metacollection includes 433
threatened taxa (a further reduction of 64%) represented by 3192 accessions spread
unevenly across collections and taxa, 38% of which are wild or cultivated from wild
origin. A third of the threatened taxa across the network are represented by single
accessions (at a single site: horticultural endemics), most by three or fewer.

e |nconsistencies in data both inflate and hide rare species in collections. Taxonomic
alignment and accession-level comparison reveals an urgent need to increase resilience
through targeted exchange of conservation grade material. Through open data and
standards, this regional metacollection can feed seamlessly into global conservation

programmes.

Keywords

Arboreta; botanic gardens; BGCI PlantSearch; ex situ conservation; threatened species; World

Flora Online

Introduction

The living plant collections of botanic gardens and arboreta have a vital role in communication,
knowledge discovery, and conservation of plant diversity (Smith, 2019, 2016). In the ongoing
biodiversity crisis (Secretariat of the Convention on Biological Diversity, 2020), they are an
important tool in preventing species extinctions (Global Partnership for Plant Conservation,
2025). They provide safe sites for plants that are threatened in the wild through the impact of
habitat transformation and climate change, and knowledge as well as genetic diversity of these
collections can be used in restoration initiatives (Di Sacco et al., 2021; Mounce et al., 2017,
Westwood et al., 2021). They can also demonstrate ecological tolerances that might hallmark
successful assisted migration (Hallfors et al., 2012) or use in urban environments (Hirons et al.,

2021).
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However, individual gardens face challenges in leveraging their combined resources. They
collaborate in broader networks: regionally, internationally (such as under the auspices of
Botanic Gardens Conservation International - BGCI) or thematically (such as BGCls Global
Conservation Consortia— GCC; Linsky et al., 2024), but the data underlying living plant
collections are complex and hard to align across institutions (Brockington et al., 2026). We need
comparable accession-level information for specimens to establish effective metacollections
(Griffith et al., 2019), and solutions for sharing data and material, particularly for threatened

species. Achieving that for the enormous numbers of taxa involved is a big task.

In the Nordic countries there is a tradition of regular communication between institutions. Many
collections are databased and some share common data standards (e.g. DarwinCore;
Wieczorek et al., 2012) and infrastructures (such as the specialist botanic gardens database
solution, IrisBG). Some institutions are already involved in GCCs (particularly those for
Rhododendron, Sorbus, and conifers) and other global initiatives for unifying botanical
information (such as the World Flora Online - WFO; Borsch et al., 2020) or presenting open data
(such as the Global Biodiversity Information Facility — GBIF). There is substantial potential for
bringing together existing networks, e.g., of botanic gardens and of arboreta (Turner-Skoff et al.,
2021), as well as crop gene banks or other repositories of living germplasm (all of which can
hold conservation grade collections) and all the relevant actors and data for coordinated action

on specific plant groups and topics.

Living plants collections have unique origins and histories in cultivation that can be
documented in enormous detail. Dedicated software such as IrisBG, BGBase, BRAHMS, or
Hortis offer extensive options for capturing and sharing information on botanic gardens
collections, including origins (wild or garden), documentation (including e.g. collection permits
and International Plant Exchange Network [IPEN] identifiers), current location, and monitoring
histories of accessions and even of individual plants. Such data are fundamental to
understanding the value and potential of the plants and collections that make up
metacollections, and they are needed at least at a basic level in order to compare collections to
one another. However, we cannot assume that it has been recorded consistently (or indeed at

all) between (or even within) collections. This is a substantial barrier to effective comparison.

Tools such as BGClI’s PlantSearch offer a potential means of establishing global solutions for
comparing data on living plant collections. As of December 2025, PlantSearch had integrated
WEFO for more effective parsing of plant names (Malcolm, 2026). Subsequent work focussed on

the development of an accession-level module representing more of the data that is essential
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for conservation-grade metacollections that was released in August 2026. At the time of writing
few collections have yet uploaded accession-level data. Existing metacollections are generally
limited in scope, with focus on individual species such as Amorphophalus titanum (Murrell et

al., 2025) or Wollemia nobilis (Offord and Zimmer, 2025).

Botanical gardens and arboreta need to coordinate to set priorities both for data standards and
for species. Irrespective of the availability of tools, progress towards effective metacollections
will require focussed effort on data quality at individual institutions. With limited resources,
progress might be achieved stepwise, with important milestones in the form of individual
secured taxa and advances in knowledge, through the collaboration of specialist collections
and staff. Such partnerships can range from local to global in scope (Pearce et al., 2020), but
regional networks offer the chance to focus on local themes, such as threatened native plant

diversity and regional effects of climate change.

We aim to establish an effective means for sharing and comparing data for plants held across
Nordic collections, using open data and standards that can ultimately feed seamlessly into
global solutions. Here, we report on the process and results of identifying priority temperate
woody taxa and synthesising a Nordic meta-collection with particular focus on using the results

for conservation of threatened species.

Materials and Methods

The gardens represented in our network are spread across the Nordic region Fig. 1. They include
university botanical gardens, public municipal collections and not-for-profit gardens and
arboreta with diverse aims and thus also levels of documentation (Appendix 1, including

database solutions used in the different collections).

Fig. 1. Map of gardens and arboreta contributing to the metacollection (larger orange dots;
Greenland inset) and other regional collections (smaller blue dots), generated in Flourish (see

https://public.flourish.studio/visualisation/29847892/ for an interactive version)
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151 Source: World Bank
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153

154  Our overarching aim was to find priority plant species held between the different collections:
155  those a) of greatest conservation importance (the focus of this paper) and b) with potential for
156 assisted migration (relevant for future work). The former are represented by IUCN red list threat
157 assessments. The latter might be identified as (non-native) taxa already held in multiple

158 collections.

159 Having selected priority taxa, we needed to compare accession-level data for those taxa.

160 Particularly for threatened species, it was important to summarise wild versus garden origins
161 and to estimate diversity within species in the meta-collection. For effective comparison of both
162 names and accessions it was necessary to identify inconsistencies and gaps in the available
163 data. We aimed to establish routines for sharing data both amongst gardens and in the public
164  domain, collaboratively developing existing tools and resources, primarily the World Flora

165 Online (WFQO) and BGCI’s PlantSearch.
166 Names data:

167 Names data in collections is typically documented as accessions are obtained and is not
168 removed thereafter. It can therefore represent more taxa than are currently held and can give an

169 indication of those that, for whatever reason, did not persist in the collection. Each collection
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provided lists of names of taxa (some already filtered to represent just woody trees and shrubs).

These were qualified with taxon authorships in some but not all cases.

We used names data provided by the WFO (The World Flora Online Consortium et al., 2025),
aiming to implement a “Nordic Arboretum taxonomic backbone” to consistently interpret
names represented in the different collections. These names lists were compared using the

WFO name matching tool (https://list.worldfloraonline.org/matching.php, accessed

26/08/2026). Ambiguities and inconsistencies were identified and returned to the gardens with
possible resolutions along with WFO identifiers for all names. In case of ambiguities, (which
were more of an issue in collections where there was no stored authorship) likely resolutions
were reached based on closest nomenclatural matches and preferring accepted over unplaced
or synonymous names. We excluded cultivars and indeterminate names (e.g. denoted ‘cf.’ or
‘aff.’). Once WFO IDs were attached to collections names we parsed them through the WFO ID
expander (https://list.worldfloraonline.org/expander.php, accessed 26/08/2026) to get the

accepted taxonomic status, accepted species and other data.

We summarised both prior to and after automated and (where necessary) manual corrections to
names (including applying synonymy following WFO), counting the numbers of names
represented in each collection and across the metacollection. We summarised the numbers of
names of different taxonomic status (i.e., ‘accepted’, ‘deprecated’, ‘synonym’, and ‘unplaced’;
following WFO) used in the different gardens; numbers of unique names, numbers represented
in single versus multiple collections (including those held across most or all of the collections),
and numbers of taxa by IUCN threat status (IUCN, 2025). After the June 2026 WFO and 2026

IUCN Red List releases the data was updated.

Having summarised numbers of threatened taxa across collections, we were able to decide on a
threshold for degree of threat within which each collection would deliver realistic numbers of
accessions to prioritise in subsequent steps: we opted to include all threatened categories. To
ensure that the lists were maximally comparable, we excluded remaining non-woody taxa
primarily by comparing to life form data (based on World Catalogue of Vascular Plants; WCVP
and the Global Tree Assessment). In addition, taxa kept permanently under glass (particularly at
UCPN and UiB) were excluded (those at the University of Oslo [UiO] had already been excluded

through earlier filtering within UiO’s own database).
Accessions data:

We based our target standards for accessions-level data on a draft version of BGClI’s

PlantSearch accessions module (subsequently published in BGCI’s Guide to Accessioning
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Living Collections; Malcolm, 2026). The fields are listed in Appendix 2. These include
information on 1) names (genus, species, etc. disambiguated with author/WFO identifier;
cultivar) and (regional) data associated with names (regulations such as CITES or other
restrictions); 2) source (e.g. collection, accession identifiers, provenance type); 3) origin in the
wild (e.g. collector, locality including lat/long coordinates and elevation [which enables cross
checking of coordinates]); and 4) current status (e.g. numbers of individuals, dates of

accessioning and last checking).

We sent to each collection an individual priority list of threatened taxa represented in their own
data. Each collection then returned accession-level data available for those taxa. We
summarised the data that corresponded to PlantSearch accession fields and noted the different
databases/formats in which the data is maintained. We discussed online and at a SNS-funded
meeting in August 2026 issues arising from this process including data ownership and sharing

and shortfalls in necessary resources.

Having established priorities for taxa and for data, individual collections consulted on practical
solutions (where needed) and into the growing season of 2026 prioritised updating data. We
tested importing the accessions data into PlantSearch and exporting data for direct
comparison; pending registering outstanding partners in GardenSearch and developing
accession number systems for those lacking such (but prior to final publication) the dataset will
be uploaded to PlantSearch with accessions flagged under the metacollection “Nordic

Arboreta”.

Results
Names data:

Numbers of taxa represented in gardens data and changes following the matching process are
presented in Table 1 and summarised in Fig. 2. Abbreviations for gardens are as follows:
Rhododendron Breeding and Testing Nursery “Babite” (University of Latvia Botanical Garden):
Babite; University of Bergen, Arboretum and Botanical Garden: Bergen; Botanical Garden of
University of Copenhagen: Copenhagen; Geografisk Have, Kolding: Kolding; Goteborgs
botaniska tradgard: Goteborg; Arboretum Groenlandicum: Greenland; Horticultural Gardens
(Faculty of Life Sciences), University of Copenhagen: Frederiksberg; Harsholm Arboretum:
Hgrsholm; Kalsnava Arboretum: Kalsnava; Lund University Botanical Garden: Lund; Meilahti -

Helsinki city arboreta: Meilahti; Arboretum Mustila: Mustila; Niskala - Helsinki city arboreta:
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Niskala; Rogaland Arboretum: Rogaland; Stavanger Botanical Garden: Stavanger; Stiftelsen

Arboretum Norr: Norr; The Linnaeus Garden - Uppsala University: Uppsala; Turku Botanical

Garden: Turku; University Botanical Garden (Oslo): Oslo; Stiftelsen Ekolsunds Slott och Park:

Ekolsund; University of Latvia Botanical Garden: Latvia; University of Oulu Botanical Gardens:

Oulu.

Table 1. Numbers of names and their taxonomic status per garden based on the WFO June2026

classification. Some gardens, e.g. Oslo, pre-filtered their names data to woody taxa only, so the

numbers are not representative of collections as a whole. Ekolsund figures tbc.

Taxonomic | Ba | Berg | Cope | Ekol | Frede | Kold | Gote | Gree | Hars | Kals | Latvi
Status bit | en nhag | sun | riksbe | ing borg | nlan | hol nava | a

e en d rg d m
accepted 230 | 8909 | 6636 | 459 | 3030 718 | 870 |70 1114 | 655 | 367
synonym 24 | 2453 | 1340 | 16 609 146 | 147 |1 231 159 101
unplaced 3 328 | 209 7 101 27 15 1 20 24 7
deprecated | 1 16 12 0 11 0 0 0 1 0 0
Taxonomic | Lun | Meil | Must | Nisk | Norr | Oslo | Oulu | Roga | Stav | Turk | Upp
Status d ahti |ila ala land | ange | u sala

r

accepted 920 | 140 |820 [196 | 320 |650 | 364 |941 9125 | 1014 | 4446
synonym 161 31 214 44 52 95 72 195 2585 | 256 507
unplaced 14 6 18 2 4 8 6 21 321 32 86
deprecated | 1 1 2 0 0 0 0 3 35 1 3
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Fig. 2. Numbers of taxa: distinct names, those recorded in single collections, and those shared

across multiple collections following correction and taxonomic alignment.

Names Verbatim Unique
44579

Names Verbatim Total

54004

Names Verbatim Shared
44579 B

9425

Matched WFO Names Unique
16669

Matched WFO Names Shared
16669 10033

10033 WFO Taxonomically Aligned Names Unique
12636

Matched WFO Names Total
26702

WFO Taxonomically Aligned Names Total
22715

WEFO Taxonomically Aligned Names Shared
10079

Atotal of 72,111 names were represented in the original gardens data, of which 54,004 were

distinct, 44,579 were only found in a single collection and 9,425 were found in more than one
collection. Some gardens filtered the names data to represent only trees and shrubs; others

provided comprehensive lists.

After name matching to the WFO, the total distinct names dropped to 26,702 across collections
(c. 50%), of which 16,669 names were found in a single collection (reduced 63%) and 10,033
were found in more than one (increased 7%). After taxonomic alignment, distinct names
dropped to 22,715 (reduced 58% from the original numbers) and those found in a single
collection decreased to 12,636 (reduced 72%), but those found in more than one collection

increased to 10,079 (increased 7%) (Fig. 2).
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All collections data included a proportion of names considered deprecated, synonymous or
unplaced under WFO (Table 1). In addition, most collections data included names that could
notinitially be matched. These included some names that were missing on WFO but could be
found by reference to other names databases. As a result, we newly added 125 names to WFO.
Expected mismatches included cultivars, trade names, and hybrid formulae that are not treated
under WFO (15,555); “indet” names (provisional names where the plant had not been
sufficiently identified, ranging from identified only to genus to entirely unknown; 3,925) and
those that were sufficiently ambiguous that they could not be resolved without checking by
individual curators (usually due to homonyms and incomplete authorship when name
matching; 1558). There were 76 instances of lacking or incorrect WFO data for which a match

could be made once authorship or name orthography was updated.

The top 14 shared names along with their conservation status and the numbers of gardens at
which they are kept are presented in Table 2. Most are not of conservation concern (Least
Concern) but one (Tsuga canadensis) is Near Threatened and one (Magnolia kobus) is Data

Deficient. Half are conifers.

Table 2. Most shared taxa, the numbers of gardens at which they are kept, and their

conservation status.

11
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Name

Number of gardens

Red List Status

Quercus robur L. 21 Least Concern
Pinus sylvestris L. 21 Least Concern
Sorbus aucuparia L. 21 Least Concern
Magnolia kobus DC. 20 Data Deficient
Quercus rubra L. 19 Least Concern
Thuja occidentalis L. 19 Least Concern
Taxus cuspidata Siebold & Zucc. 19 Least Concern
Taxus baccata L. 19 Least Concern
Larix kaempferi (Lamb.) Carriére 19 Least Concern
Tsuga canadensis (L.) Carriere 19 Near Threatened
Pseudotsuga menziesii (Mirb.) Franco | 19 Least Concern
Picea abies (L.) H.Karst. 20 Least Concern
Acer platanoides L. 19 Least Concern
Hamamelis virginiana L. 19 Least Concern

Numbers of threatened taxa changed following taxonomic alignment, impacting all collections

holding 8 or more such taxa (Appendix 3). In several cases this changed the numbers of CR taxa.

12
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Accessions data:

Of 1200 WFO aligned threatened taxa in names databases, 433 (36%) were documented with
accession data (Fig. 3; i.e. 767 have been recorded in one or more gardens but are not currently

documented as living plants in the metacollection).

Fig. 3. Numbers of names of threatened taxa represented in the verbatim data; as WFO
matched names; as WFO aligned names; and as WFO aligned names of accessions (i.e. records
of living plants). Threat status is tracked back from the status known from WFO alighed names,

so would not necessarily be known from the verbatim data alone.

1869

1267

1200

433

The synthesised accession-level data for threatened taxa are included in Appendix 4
(https://doi.org/10.5281/zenodo0.23764541; along with archive records of original names and
accessions data) and will be uploaded to BGCI PlantSearch. Table 3 presents a summary of
accession-level data received for these taxa (in several cases following rounds of improvement),
including the number of PlantSearch fields (out of 26) represented in the datasets. The highest
number of fields represented was 22, but the only consistently omitted field was “Wild
Occurrence Restriction” (relating to masking of sensitive distribution data). The population of
these fields (when included) with data was often incomplete, in part because those relating to
wild origins do not apply to garden or unknown origin plants; in part due to inconsistent data
entry or simple omission. The total number of accessions of threatened woody taxa held across

collections was 3192 (as summarised in Table 4; Appendix 4).

Around 27% of unique accessions are clearly flagged as wild (W) and a further 11% as wild
derived (Z), with 24% garden origin (G) and 38% unknown (U) or not coded. Currently missing
data is potentially retrievable from free-form text fields, with 54% of accessions including

information under ‘Country’ (which can suggest wild origin) and 55% including information

13
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under ‘external source’ (often referring to a source institution from which more information

might be cross-referenced).

Table 3. Summary of accessions-level data per collection, including numbers of accessions

and names, proportions of wild, garden, and unknown origin, and numbers of PlantSearch fields

represented in each dataset.

Collection | #Accs | #Names | W% | 2% | G% | U% | #fields of 26
Babite 43 37 14 (12 |26 |49 (4
Bergen 440 219 45 |18 (28 |9 22
Copenhagen | 121 89 26 |7 65 |1 22
Ekolsund 52 38 2 25 119 |54 |15
Goteborg 230 102 45 |20 (30 |5 18
Greenland 2 2 0 0 0 100 | 6
Harsholm 306 115 48 |4 23 (25 |17
Kalsnava 104 53 2 0 94 |4 5
Kolding 111 42 2 4 29 (66 |3
Latvia 33 33 9 6 0 85 |3
Lund 129 61 1 2 2 95 |14
Meilahti 13 5 0 0 0 100 | 2
Mustila 828 152 25 |12 (0 64 |8
Niskala 19 14 0 0 0 100 | 2
Norr 35 22 37 |0 63 |0 8
Oslo 92 40 20 |5 7 68 |22
Oulu 44 17 45 |16 (14 |25 |5
Rogaland 328 146 30 |17 (29 (23 |5
Stavanger 53 44 4 13 32 (51 |10
Turku 114 54 5 4 (90 |1 5
Uppsala 95 50 13 3 9 75 118

The top 10 shared threatened plants are listed in Table 4, including the numbers of gardens (with

names data, and with living accessions), and the numbers of W/Z (omitting Fredriksberg — data

currently unavailable). Six of 10 taxa are conifers. In several cases the count of gardens with

14
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living accessions was lower than that of gardens with names records, generally indicating that

an attempt had been made to cultivate the taxon but is not reflected in records of plants

currently alive. The 10 most shared threatened Rhododendron taxa are listed in Appendix 5 and

are shared between up to 11 different gardens.

Table 4. The top 10 shared threatened plants across the metacollection, their threat status

(Near Threatened: NT; Endangered: EN; Critically Endangered: CR), the numbers of gardens

(with names data, and with living accessions), and the numbers of wild (W) and wild derived (2)

origin.

Name Red Number of gardens Number of accessions
List (names / accessions (total/ W and 2)
Status | data)

Tsuga canadensis (L.) Carriere | NT 18/18 69/ 26 (38%)

Juglans cinerea L. EN 17/14 75718 (24%)

Fraxinus americana L. CR 16/16 49 /24 (49%)

Metasequoia glyptostroboides | EN 16/16 89 /40 (45%)

Hu & W.C.Cheng

Pinus peuce Griseb. NT 16/16 80/ 30 (38%)

Picea omorika (Pancié) Purk. EN 16/16 66/ 16 (24%)

Abies homolepis Siebold & NT 16/15 61 /20 (33%)

Zucc.

Abies koreana E.H.Wilson EN 16/15 125/ 75 (60%)

Ginkgo biloba L. EN 16/14 7472 (3%)

Fraxinus excelsior L. NT 16/14 70/16 (23%)

One example of accessions data for CR Fraxinus americana is illustrated in Fig. 4.

15



342

343
344
345
346
347
348
349
350
351

352

353
354

355
356
357
358

Fig. 4: Part of the Fraxinus americana accessions data, illustrating the different ways in which
wild (highlighted darker green) or garden (lighter green) origins are documented: by provenance
type, under external source (including some apparent wild origin information and reference to
other partners in the metacollection, but without in this case examples of shared accession
numbers), with reference to collectors and locality, and rarely with elevation and/or precise
coordinates. Several different wild localities in the USA and Canada are represented. Some of
the currently empty cells could be populated either by simple reformatting (to allow summary
e.g. by state/province), georeferencing (from locality information to allow mapping), or cross-

referencing (from collectors, external sources, and identifiers).
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The distribution of numbers of accessions per threatened taxon is presented in Fig. 5. The
average number of accessions per threatened taxon is 7.4 with median 3. Around a third (147)
are represented by single accessions in the metacollection including 57 Rhododendron and 21

Sorbus taxa, and 70 by just two, including 39 Rhododendron and 4 Sorbus.



Fig. 5: The distribution of numbers of accessions per threatened taxon in the metacollection

(only a subset of 433 names shown; full data in Appendix 4)
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Iscussion

D

364

Our results illustrate how current management of living plant collections hinder and limit

365

effective comparison of data between gardens (Brockington et al., 2026), and how this impacts

366

our knowledge of the state of ex situ collections of threatened species. However, they also show

367

the potential for rapid improvement of this situation with a collaborative approach and targeted

368

action.

369

On the importance of aligning names data: Gardens data includes numerous taxa that have

370

accumulated over time from different sources: they inevitably include synonyms, errors, and

371

omissions. Particularly where names lack qualifying authorities, it is impossible to

372

disambiguate homonyms without risk of error. For example, matching on the name Sorbus

373

japonica yields two possibilities: Sorbus japonica (Decne.) Hedl, a synonym of Micromeles

374
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japonica (Decne.) Koehne or Sorbus japonica (Maxim.) Koehne A synonym of Sorbus commixta
Hedl.. Ultimately, there is an unavoidable workload for scientific curators to improve
documentation and - in some cases —revisit individual collections to confirm their identities.
However, many inconsistencies could be fixed with limited effort using openly available tools

from the WFO.

The benefits of investing time in consistent naming are substantial: First, it dramatically (>70%,
here) reduces the numbers of taxa recorded inconsistently that might otherwise be treated as
unique to single collections (‘horticultural endemics’). It is therefore essential for any realistic
assessment of horticultural rarity. Once curators have correctly parsed names and included
collections in PlantSearch, they can see how many other collections worldwide are
documented as holding the same taxa and more reliably identify their own potential
horticultural endemics. We identified several cases (as of PlantSearch data in August 2026), all
taxa of Sorbus s.l. and of Rhododendron (both subjects of dedicated BGCI Global Conservation
Consortia) (Aria pannonica (Karpati) Sennikov & Kurtto; Aria stenophylla (M.Proctor) Sennikov &
Kurtto; Hedlundia hazslinszkyana (Sod) Sennikov & Kurtto; Hedlundia subpinnata (Hedl.)
Sennikov & Kurtto; Hedlundia takhtajanii (Gabrieljan) Mezhenskyj; Karpatiosorbus
pseudovertesensis (Boros) Sennikov & Kurtto; Rh. sanguineum var. didymum (Balf.f. & Forrest)
T.L.Ming; Rh. mianningense Z.).Zhao). Ongoing work with an updated ex situ gap analysis of
Rhododendron (Marion Mckay, pers. comm.) identified three taxa not previously documented
and unknown from collections outside our network: Rh. x burjaticum Malyschev; Rh.

flavantherum Hutch. & Kingdon-Ward; and Rh. aureum var. hypopitys (Pojark.) D.F.Chamb.

Second, once corrected and made consistent with the WFO plant list, lists of names could be
compared to linked data on WFO and on BGCI, including IUCN threat status and ThreatSearch,
and taxa of concern flagged for action. Keeping up to date with the changing threat status of taxa
in collections is impossible without linked up data, and some of these results came as a

surprise and call to action to our network’s curators.

Through checking datasets, we were even able to identify and fix errors in the WFO: adding 125
names that were missing and correcting a further 76. This virtuous cycle of shared data
improvement benefits everyone through FAIR (Wilkinson et al., 2016) access to regular updates
of the WFO. Taxonomists in our network contribute to improving the WFO through the
collaborative Taxonomic Expert Networks (e.g. for Ericaceae). These can negotiate consensus

on controversial names in principle. However, individual curators do not have to agree e.g. on
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the delimitation of genera in Sorbus s.l.: we can interpret both accepted names and synonyms

consistently by employing WFO as a taxonomic backbone.

On the importance of aligning accession-level data: By including information on origins of
individual accessions, particularly distinguishing those sourced from the wild (W or Z) from
those of garden origin (G), curators are able to identify which material may be suitable for
reintroduction or other programmes, and at which collections such material might be available

and benefit from securing at independent sites.

The extent of the challenge for data comparability is even greater when moving beyond taxa to
accession-level data. Of the 26 data fields prioritised for BGClI’s PlantSearch, the maximum
represented in our data was 22 and half the datasets included 10 or fewer. The information
available was heterogeneous in quality and completeness, collected and documented in
different ways over many years. Most (19) datasets included accession humbers; several
collections introduced or improved their identifier systems during this work. Most (19) also
included a field with description of the source of the material, and many (15) explicitly
distinguished provenance types (W, Z, G, U or equivalents). However, there is inconsistency
both between and within individual datasets. The information on source of material often
includes both garden and wild origins without separate fields that render that information
directly comparable (e.g., qualifying wild origin separately with locality and/or coordinates).
There are also substantial backlogs in digitisation, with data stored in ways that do not facilitate
access, and of updating of information, for plants that may or may not still be alive. Examples
described in Appendix 2 and further illustrated for Fraxinus americana in Fig. 4 are probably

common.

There are not necessarily easy solutions to these challenges: resources must be found for
labour-intensive curation. However, progress can be made, even with limited resources, when
there are clear priorities. Several of our network were able to survey manageable lists of
endangered taxa within the limited period of this project. We could identify both widely and
rarely shared threatened taxa and compare accessions information, revealing contrasting
numbers and origins of accessions between taxa. The taxa most widely shared across the
metacollection are often represented with numerous individual accessions: there are between
49 and 125 accessions each of the top 10 most widely shared threatened taxa. However, most
are represented by much smaller numbers and many with just single accessions. Some
commonly held species, such as Ginkgo biloba L. and Picea omorika (Panci¢) Purk., are widely

cultivated from garden-origin material. However, 60% of the 125 accessions of Abies koreana
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E.H.Wilson are of wild origin. Current gaps in the data suggest that with greater focus on

consistent record keeping, more existing material will yet be revealed to be conservation grade.

Conserving plant diversity into an uncertain future: With notable exceptions as above, individual
gardens rarely hold numerous accessions or specimens of the same taxon. Often, the remitis to
display a broad diversity of taxa to the public or for use in teaching. For conservation of
threatened species (or potentially useful ones) this is unfortunate: we need to conserve
representative genetic diversity (Griffith et al., 2015; Khoury et al., 2019). Another challenge is
the limited lifespans of individual plants in collections. Even long-lived trees only survive on
average 20 years in botanic gardens, and even those with priority conservation status are only
maintained a few years longer (Cano et al., 2025). To conserve viable numbers of representative

individuals over long time frames we need to find new ways of working.

Context is important here: If we compare directly to best practice in forestry for widespread and
abundant tree species it is clear that the numbers of individuals required to maintain genetic
diversity over generations with a dynamic conservation approach (EUFORGEN, 2026; Koskela et
al., 2013) are well beyond anything that would realistically be achieved in botanic gardens.
However, requirements are not consistent between species (Hoban et al., 2020) and threatened
species are by definition represented by far fewer remaining populations. Furthermore, the
soberingly short half-lives of trees in collections apply to individual gardens acting alone. With
targeted propagation and sharing of existing material as well as horticultural knowledge, limited
genetic diversity of some plants can be maintained in static conservation (i.e., avoiding sexual
reproduction and crossing and/or selection in cultivation) long term. Erica verticillata P.).Bergius
was maintained independently in botanic gardens decades after it became extinct in the wild
but without awareness of its status (Hitchcock and Rebelo, 2017). We need not and should not

rely on such good fortune for the hundreds of threatened taxa in our safekeeping.

On the benefits for individual collections: Our network includes a range of collections with
diverse remits: university gardens with focus on research and teaching; non-profit organisations
with focus on public events; government run parks and conserved areas and even historic sites.
However, we share common challenges: in particular limitations in resources, such as staffing,
but also challenges in horticulture, including shifts to renewable resources; pests and diseases;
and invasive species. There is a strong need to work together in order to achieve the critical

mass needed to address these effectively and to be resilient despite changing circumstances.

Botanic gardens access to material is increasingly limited and internationally such collections

are no longer expanding (Cano et al., 2025). Even the larger collections are geographically
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restricted and vulnerable as single sites, and they have greater numbers of unique taxa and
accessions at risk of loss. Resources will always be limited compared to the scale of the task of

effectively securing the large numbers of threatened species.

Sharing of both expertise and — ultimately — plant material will enable gardens to improve the
qualities of their collections without necessarily expanding efforts. Where gardens do have
resources and opportunities to expand or renew through collection, targeted efforts and

improved sharing and communication of data and material will increase their impact.

On monitoring and assessing future progress: There is a minimum of comparable information
needed within and across gardens to have an accurate and current picture of shared and unique
taxa and diversity within them. Our results illustrate how even WFO-informed name-based
summaries can deliver an overly optimistic picture of the state of collections for ex situ
conservation: only about a third of threatened names in databases corresponded to digital
records of (hopefully still) living accessions. We can now show our individual and joint coverage
of threatened woody temperate plant taxa. By agreeing on key information needed to document
conservation (and research) grade material and on a means to share and compare the data (e.g.
through PlantSearch) we can demonstrate our progress toward important goals in ex situ
conservation. Even where such data is incomplete, such as is the case in our network,
effectively lining up the existing information can provide an overview of gaps and allow

prioritisation of efforts.

At the level of individual gardens, we should aim to increase numbers of accessions of key
threatened taxa and the proportions of those of wild origin. This is achievable through exchange
even without obtaining new collections. Past sharing of material within the network is apparent
in the data (Fig. 4): this should be encouraged and guided (for example to represent proxies for
genetic diversity; Hanson et al., 2017). By reporting numbers of actively shared accessions, we
can promote the activities that increase useful redundancy and reduce horticultural endemism
(currently threatening at least a third of 433 threatened taxa across the network). We can aim to
improve data completeness, focussing our limited resources on (potentially) wild origin
accessions of threatened taxa. Two important elements that we did not address in this first
analysis but should be included in future updates are recency of status updates and
specimen/individual-level data including method of propagation. This will give us an even more
realistic and detailed assessment of the current state of our most important collections and of

redundancy/genetic diversity within them.
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Conclusions: In establishing the Nordic metacollection we have identified unique and important
living collections of temperate woody plants which we can now collaborate to safeguard against
both threat in the wild and the risk of loss in cultivation. By acting together, we are
collaboratively improving our data, information management, and communication across the
network. By adopting open data standards, we are enabling future expansion to more species
and further international partners, such as the Global Conservation Consortia, for which this
metacollection will be an important set of safe sites, particularly for Rhododendron, Sorbus,
and conifers. In this way we can leverage the strengths of our regional network in a global
context. We can show the importance of specific future steps, such as monitoring and sharing
of priority material, and document our progress to achieving them. In a period of accelerating
climatic change and biodiversity crisis, as well as increasing pressure on living plant collections

this action is highly timely.

Acknowledgements

This joint Nordic project has been supported by the Nordic Council of Ministers / SNS.

Author Contribution

Design of the research: MDP, AE; data collection: MDP, HLA, JB, RKB, LB, IWJ, TJ, TK, AL, NL, 9L,
NAM, SO, FR, JR, AR, JS, IS, JS, HS, LS, JU, TZ; data analysis: AE, MP, PM; writing the manuscript:

drafting: MDP; revision and final approval: all authors.

Data availability statement

Data analysed for this research are available as supplementary materials (appendices including

an openly available data archive on Zenodo: https://doi.org/10.5281/zenod0.23764541) and will

be shared through BGCI PlantSearch (available to all registered Botanic Gardens).

Conflict of interest statement

We confirm that there are no conflicts of interest relating to the work.

22



534

535

536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566

References

Borsch, T., Berendsohn, W., Dalcin, E., Delmas, M., Demissew, S., Elliott, A., Fritsch, P., Fuchs,

A., Geltman, D., Guner, A., Haevermans, T., Knapp, S., Le Roux, M.M,, Loizeau, P., Miller,
C., Miller, J., Miller, J.T., Palese, R., Paton, A., Parnell, J., Pendry, C., Qin, H., Sosa, V.,
Sosef, M., Von Raab-Straube, E., Ranwashe, F., Raz, L., Salimov, R., Smets, E., Thiers,
B., Thomas, W., Tulig, M., Ulate, W., Ung, V., Watson, M., Jackson, P.W., Zamora, N.,
2020. World Flora Online: Placing taxonomists at the heart of a definitive and
comprehensive global resource on the world’s plants. TAXON 69, 1311-1341.
https://doi.org/10.1002/tax.12373

Brockington, S.F., Malcolm, P., Aiello, A.S., Almeida, T.H., Apple, M., Aragén-Rodriguez, S.,

Arbour, T.P., Barreiro, G., Phillips-Bernal, J.F., Borsch, T., Cano, A., Choo, T., Coffey,
E.E.D., Crowley, D., Deverell, R., Demissew, S., Dempewolf, H., Diazgranados, M.,
Falcén-Hidalgo, B., Franczyk, J., Freeth, T., Freid, E., Gale, S.W., Griffith, M.P., Glntsch,
A., Hart, C., Hearsum, J., Hollingsworth, P.M., Justice, D., Kirkwood, D., Khoury, C.K.,
Knapp, W.M., Kool, A., Koski, J., Kum, T., Niu, Y., Léhne, C., Lupton, D.A., Magombo, Z.,
Manrique, E., Martin, M.P., Martinelli, G., McGinnis, D., Neale, J.R., Newman, P., Novy,
A., Park, T., Pell, S., Pirie, M.D., Puente-Martinez, R., Ren, H., Reynders, M., Rodriguez-
Cerén, N., Ransted, N., Schoenenberger, N., Senekal, A.M., Sucher, R., Summerell, B.,
Summers, A., Tan, P.Y., Tornevall, H., Walsh, S.K., Washburn, C., Wiland-Szymanska, J.,
Wang, Q.-F., Willis, C., Wyatt, A., Wyse Jackson, P., Yu, W., Smith, P., 2026. High-
performance living plant collections require a globally integrated data ecosystem to
meet twenty-first-century challenges. Nat. Plants 1-8. https://doi.org/10.1038/s41477-
025-02192-6

Cano, A., Powell, J., Aiello, A.S., Andersen, H.L., Arbour, T., Balzer, A., Bauer, D.S., Bugarchich,

J., Cano, F., Contreras, M.P., Cubey, R., Czajkowski, I., Diaz-Toribio, M.H., Freeth, T.,
Freyre, N., Gardner, M.F., Griffith, M.P., Gustafsson, A.L.S., Havstrom, M., Hockley, L.R.,
Hollingsworth, P.M., Jargensen, T., Kindl, K., Kirkwood, D., Larpin, D., Lofthus, @., Léhne,
C., Lopez-Villalobos, A., Luscombe, D., Molloy, D., Morales-Rozo, C., Naburga, I., Nebot,
A., Neinhuis, C., Newlander, C.S., Ossaer, J., Payton, G., Peter, J., Puente Martinez, R.,
Scheen, A.-C., Scherberich, D., Senekal, A.M., Shearman, C., Siemon, J., Socher, S.A.,
Sucher, R., Summers, A., Tucker Lima, J.M., Vry, A., Wong, J., Wrigley, D., You, F.,

Brockington, S.F., 2025. Insights from a century of data reveal global trends in ex situ

23



567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600

living plant collections. Nat Ecol Evol 9, 214-224. https://doi.org/10.1038/s41559-024-
02633-z

Di Sacco, A., Hardwick, K.A., Blakesley, D., Brancalion, P.H.S., Breman, E., Cecilio Rebola, L.,
Chomba, S., Dixon, K., Elliott, S., Ruyonga, G., Shaw, K., Smith, P., Smith, R.J., Antonelli,
A., 2021. Ten golden rules for reforestation to optimize carbon sequestration,
biodiversity recovery and livelihood benefits. Global Change Biology 27, 1328-1348.
https://doi.org/10.1111/gcb.15498

EUFORGEN, 2026. Dynamic and static ex situ conservation: minimum requirements, data
standards and indicators for monitoring. European Forest Institute.
https://doi.org/10.36333/rs17

Global Partnership for Plant Conservation, 2025. The Global Strategy for Plant Conservation.
London, U.K.

Griffith, M.P., Calonje, M., Meerow, A.W., Tut, F., Kramer, A.T., Hird, A., Magellan, T.M., Husby,
C.E., 2015. Can a Botanic Garden Cycad Collection Capture the Genetic Diversity in a
Wild Population? International Journal of Plant Sciences 176, 1-10.
https://doi.org/10.1086/678466

Griffith, P., Beckman, E., Callicrate, T., Clark, J., Clase, T., Deans, S., Dosmann, M., Fant, J.,
Gratacos, X., Havens, K., Hoban, S., Lobdell, M., Jiménez-Rodriguez, F., Kramer, A.,
Lacy, R., Magellan, T., Maschinski, J., Meerow, A.W., Meyer, A., Sanchez, V., Spence, E.,
Toribio, P., Walsh, S., Westwood, M., Wood, J., 2019. Toward the metacollection:
Coordinating conservation collections to safeguard plant diversity. Botanic Gardens
Conservation International- US (San Marino, USA).

Hallfors, M., Vaara, E., Lehvavirta, S., 2012. The Assisted Migration Debate — Botanic Gardens to
the Rescue? BGjournal 9, 21-24.

Hanson, J.O., Rhodes, J.R., Riginos, C., Fuller, R.A., 2017. Environmental and geographic
variables are effective surrogates for genetic variation in conservation planning.
Proceedings of the National Academy of Sciences 114, 12755-12760.
https://doi.org/10.1073/pnas.1711009114

Hirons, A.D., Watkins, J.H.R., Baxter, T.J., Miesbauer, J.W., Male-Munoz, A., Martin, K.W.E.,
Bassuk, N.L., Sjoman, H., 2021. Using botanic gardens and arboreta to help identify
urban trees for the future. PLANTS, PEOPLE, PLANET 3, 182-193.
https://doi.org/10.1002/ppp3.10162

Hitchcock, A., Rebelo, A.G., 2017. The restoration of Erica verticillata: a case study in species

and habitat restoration and implications for the Cape Flora. Sibbaldia: The International

24



601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633

Journal of Botanic Garden Horticulture 15, 39-63.
https://doi.org/10.24823/Sibbaldia.2017.222

Hoban, S., Callicrate, T., Clark, J., Deans, S., Dosmann, M., Fant, J., Gailing, O., Havens, K.,
Hipp, A.L., Kadav, P., Kramer, A.T., Lobdell, M., Magellan, T., Meerow, A.\W., Meyer, A.,
Pooler, M., Sanchez, V., Spence, E., Thompson, P., Toppila, R., Walsh, S., Westwood, M.,
Wood, J., Griffith, M.P., 2020. Taxonomic similarity does not predict necessary sample
size for ex situ conservation: a comparison among five genera. Proceedings of the Royal
Society B: Biological Sciences 287, 20200102. https://doi.org/10.1098/rspb.2020.0102

IUCN, 2025. The IUCN Red List of Threatened Species. Version 2025-2.

Khoury, C.K., Amariles, D., Soto, J.S., Diaz, M.V., Sotelo, S., Sosa, C.C., Ramirez-Villegas, J.,
Achicanoy, H.A., Velasquez-Tibat4, J., Guarino, L., Ledn, B., Navarro-Racines, C.,
Castafieda-Alvarez, N.P., Dempewolf, H., Wiersema, J.H., Jarvis, A., 2019.
Comprehensiveness of conservation of useful wild plants: An operational indicator for
biodiversity and sustainable development targets. Ecological Indicators 98, 420-429.
https://doi.org/10.1016/j.ecolind.2018.11.016

Koskela, J., Lefevre, F., Schueler, S., Kraigher, H., Olrik, D.C., Hubert, J., Longauer, R., Bozzano,
M., Yrjana, L., Alizoti, P., Rotach, P., Vietto, L., Bordacs, S., Myking, T., Eysteinsson, T.,
Souvannavong, O., Fady, B., De Cuyper, B., Heinze, B., von Wuhlisch, G., Ducousso, A.,
Ditlevsen, B., 2013. Translating conservation genetics into management: Pan-European
minimum requirements for dynamic conservation units of forest tree genetic diversity.
Biological Conservation 157, 39-49. https://doi.org/10.1016/j.biocon.2012.07.023

Linsky, J., Byrne, A., Handley, V., Coffey, E.E.D., Alvarez-Clare, S., Crowley, D., Meyer, A., 2024.
Integrated plant conservation through the Global Conservation Consortia. Applications
in Plant Sciences 12, e11586. https://doi.org/10.1002/aps3.11586

Malcolm, P., 2026. PLANTSEARCH IN 2026: FROM GLOBAL INVENTORY TO STRATEGIC LIVING
COLLECTIONS CONSERVATION INFRASTRUCTURE. BGjournal 21, 7-11.

Mounce, R., Smith, P., Brockington, S., 2017. Ex situ conservation of plant diversity in the
world’s botanic gardens. Nature Plants 3, 795-802. https://doi.org/10.1038/s41477-017-
0019-3

Murrell, O.G., Diaz-Martin, Z., Havens, K., Hughes, M., Meyer, A., Tutt, J., Zerega, N., Fant, J.B.,
2025. Using pedigree tracking of the ex situ metacollection of Amorphophallus titanum
(Araceae) to identify challenges to maintaining genetic diversity in the botanical

community. Annals of Botany mcaf038. https://doi.org/10.1093/aob/mcaf038

25



634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668

Offord, C., Zimmer, H., 2025. The contribution of horticulture to the conservation of critically
endangered Wollemia nobilis. Sibbaldia: the International Journal of Botanic Garden
Horticulture 24. https://doi.org/10.24823/Sibbaldia.2025.2086

Pearce, T.R., Antonelli, A., Brearley, F.Q., Couch, C., Forzza, R.C., Gongalves, S.C.,
Magassouba, S., Morim, M.P., Mueller, G.M., Lughadha, E.N., Obreza, M., Sharrock, S.,
Simmonds, M.S.J., Tambam, B.B., Utteridge, T.M.A., Breman, E., 2020. International
collaboration between collections-based institutes for halting biodiversity loss and
unlocking the useful properties of plants and fungi. PLANTS, PEOPLE, PLANET 2, 515-
534. https://doi.org/10.1002/ppp3.10149

Secretariat of the Convention on Biological Diversity, 2020. Global Biodiversity Outlook 5 -
Summary for Policy Makers. Montréal.

Smith, P., 2019. The challenge for botanic garden science. PLANTS, PEOPLE, PLANET 1, 38-43.
https://doi.org/10.1002/ppp3.10

Smith, P., 2016. Building a Global System for the Conservation of all Plant Diversity: a Vision for
Botanic Gardens and Botanic Gardens Conservation International. Sibbaldia: the
International Journal of Botanic Garden Horticulture 5-13.
https://doi.org/10.24823/Sibbaldia.2016.208

The World Flora Online Consortium, Elliott, A., Hyam, R., Watson, M., Wrankmore, E., Hartley,
H., Krieger, J., Gandhi, K., Abad-Brotons, J., Acufa, R., Alcantara, S., Almeida, R.F.D.,
Alonso-Vargas, M.A., Amorim, G., Anderson, G., Andrella, G.C., Anguiano, M., Antonio-
Domingues, H., Ardi, W.H., Atkins, H., Atwood, J.J., Aubriot, X., Baker, W., Balan, A.P.,
Baldwin, B., Barber4, P., Barrett, R., Bartolucci, F., Bedoya, A.M., Berendsohn, W.G.,
Bernal, R.J.B., Blanco-Gavalda, C., Bogarin, D., Bonifacino, M., Borges, L., Borsch, T.,
Brinda, J.C., Brown, G., Bruneau, A., Bunchalee, P., Buril, M.T., Buys, M., Béhnert, T.,
Cabral, A., Cabral, F.N., Calonje, M., Camfield, R., Capelo, F.F.M., Cardoso, D.,
Carvalho, C.S.D., Cecchi, L., Chatrou, L., Chen, J., Chiarini, F., Choo, L.M., Cohen, J.,
Corro, J.I.M., Costa, D.S., Couvreur, T., Crespo, M.B., Cronk, Q., Crowley, D., Culham,
A., Damian-Parizaca, L.A., Darbyshire, |., Declercq, M.G., Denardi, V.L., Dillenberger, M.,
Docot, R.V., Duan, L., Dupin, J., Duran, J.D.T., Egan, A.N., Elvebakk, A., Erkens, R.H.J.,
Escalldn, E.V., Eserman, L., Espejo-Serna, A., Estrella, M. de la, Falcéo, M., Ferreira,
P.P.A,, Fls, D.M.A.H., Franck, A., Fritsch, P., Gaem, P.H., Gagnon, E., Galasso, G.,
Galbany-Casals, M., Galdo, G.G.D., Garcia, J.L.V., German, D., Giacomin, L.,
Girmansyah, D., Gissi, D.S., Gonzales, P., Gouvéa, Y., Govaerts, R.H.A., Gregorio, B.,
Guerrero, P.C., Guilliams, C.M., Gonzalez Gutiérrez, P.A., Haegi, L., Haevermans, T.,

Hanes, M., Harris, D.J., Hasenstab-Lehman, K., Hatt, S., Heiden, G., Henning, T., Hilario,

26



669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703

R.F., Hopkins, H.F., Hopper, S., Hoyos, D., Hu, L., Huerta-Ramos, G., Hughes, M., Iganci,
J., Jara-Munoz, O.A,, Javadi, F., Jennert, P.R., Jiang, K.-W., Jiménez-Mejias, P., Johnson,
D., Jordao, L.S.B., Keller, H., Kiefer, M., Kilian, N., Klitgaard, B., Klopper, R.R., Knapp, S.,
Kobrlova, L., Koch, M., Konowalik, K., Korotkova, N., Koutroumpa, K., Kéhler, M.,
Larridon, I., Lavandero, N., Lavin, M., Leong-Skornickova, J., Lepschi, B., Lewis, G.,
Lichter-Marck, I., Liede-Schumann, S., Lima, A.G.D., Lima, D.F., Lirio, E.J.D., Loeuille, B.,
Lopes, J.C., Low, Y.W,, Lucas, E., Luebert, F., Lujan, M., M.A,, H.-P., Maas, P., Mabry,
M.E., Mahon, K., Majure, L.C., Malekmohammadi, M., Mambrasar, Y., Marasinghe, L.,
Marinho, L.C., Martine, C., Martinez-Azorin, M., Maslin, B., Maurin, O., Mckenzie, R.J.,
Melchor-Castro, R.B., Melo, J.I.M.D., Mering, S.V., Metzing, D., Meudt, H., Meve, U.,
Middleton, L., Miller, J.T., Miller, R.E., Moeller, M., Monro, A.K., Monteiro, T.C.E.,
Moonlight, P., Morais, I., Morales, J.F., Moreira, A.L.D.C., Moreira-Munoz, A., Muellner-
Riehl, A., Murphy, D., Mustaqim, W.A., Mufioz-Rodriguez, P., Muller, A., Nelson, C.,
Nersesyan, A., Newman, M., Nitta, J., Nlrk, N.M., Oliveira, M.I.U.D., Orejuela, A., Ortiz-
Rodriguez, A.E., Osborne, R., Oxelman, B., Pandey, A., Pellegrini, M.0.0., Pelser, P.,
Pendry, C.A., Pennington, T., Petrongari, F.S., Pezzini, F.F., Pillon, Y., Pinto, R., Pirie,
M.D., Poczai, P., Poulsen, A.D., Prebble, J., Puglisi, C., Péchon, T.L., Queiroz, L.P.D.,
Quintanar, A., Rabeler, R.K., Rainer, H., Rakotonirina, N., Ramos, G., Rando, J.G.,
Rankin, D., Rapini, A., Rattanakrajang, P., Ravomanana, E.O., Raz, L., Rodda, M.,
Rodrigues, R.S., Rojas-Andrés, B.M., Rothfels, C., Roux, M.M.L., Sampaio, V.D.S.,
Santilli, L., Santos, M.F., Schilling, E., Schlumpberger, B., Schmidt-Lebuhn, A.,
Schneider, H., Schneider, J.V., Schuettpelz, E., Seah, W.W., Selvi, F., Sennikov, A.N.,
Shimizu, G., Silva, G.S.D., Silva, R.C., Simon, M., Simpson, M.G., Simao-Bianchini, R.,
Simdes, A.R., Skema, C., Smidt, E.C., Smith, S., Sokoloff, D., Sosef, M., Sotuyo, S.,
Souza, L.D.S.D., Stevenson, D., Stirton, C., Straub, S., Strijk, J.S., Sweeney, P.W.,
Sanchez, D., Sarkinen, T., Tamayo, M., Tebbitt, M., Teisher, J., Tepe, E., Thomas, D.C.,
Thornhill, A.H., Thulin, M., Trad, R., Trias-Blasi, A., Valdemarin, K.S., Vasconcelos, T.,
Vasile, M.-A., Vatanparast, M., Vorontsova, M. (Bat) S., Wang, H.-F., Wati, R.K., Webb,
C., Wedel, L.V.V., Weigend, M., Wilding, N., Wilson, H., Winslow, S., You, H., Zamora-
Tavares, P., Zhang, C.-F., Zhang, R., Zizka, G., épaniel, S., 2025. World Flora Online Plant
List December 2025. https://doi.org/10.5281/zenodo.18007552

Turner-Skoff, J.B., Paist, S., Byrne, A., Westwood, M., 2021. ArbNet: 10 years of fostering

collaborations, furthering professionalism, and advancing the planting and conservation
of trees through the global network of arboreta. PLANTS, PEOPLE, PLANET n/a.
https://doi.org/10.1002/ppp3.10228

27



704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720

Westwood, M., Cavender, N., Meyer, A., Smith, P., 2021. Botanic garden solutions to the plant
extinction crisis. PLANTS, PEOPLE, PLANET 3, 22-32.
https://doi.org/10.1002/ppp3.10134

Wieczorek, J., Bloom, D., Guralnick, R., Blum, S., Doéring, M., Giovanni, R., Robertson, T.,
Vieglais, D., 2012. Darwin Core: An Evolving Community-Developed Biodiversity Data
Standard. PLOS ONE 7, €29715. https://doi.org/10.1371/journal.pone.0029715

Wilkinson, M.D., Dumontier, M., Aalbersberg, lj.J., Appleton, G., Axton, M., Baak, A., Blomberg,
N., Boiten, J.-W., da Silva Santos, L.B., Bourne, P.E., Bouwman, J., Brookes, A.J., Clark,
T., Crosas, M., Dillo, I., Dumon, O., Edmunds, S., Evelo, C.T., Finkers, R., Gonzalez-
Beltran, A., Gray, A.J.G., Groth, P., Goble, C., Grethe, J.S., Heringa, J., 't Hoen, P.A.C.,
Hooft, R., Kuhn, T., Kok, R., Kok, J., Lusher, S.J., Martone, M.E., Mons, A., Packer, A.L.,
Persson, B., Rocca-Serra, P., Roos, M., van Schaik, R., Sansone, S.-A., Schultes, E.,
Sengstag, T., Slater, T., Strawn, G., Swertz, M.A., Thompson, M., van der Lei, J., van
Mulligen, E., Velterop, J., Waagmeester, A., Wittenburg, P., Wolstencroft, K., Zhao, J.,
Mons, B., 2016. The FAIR Guiding Principles for scientific data management and
stewardship. Sci Data 3, 160018. https://doi.org/10.1038/sdata.2016.18

28



Supporting information

Appendix 1: Arboreta and gardens included in the Nordic metacollection and their means of maintaining data.

Collection

Database

Arboretum (https://gardensearch.bgci.org/garden/4200) and Botanic Garden
(https://gardensearch.bgci.org/garden/4199), University of Bergen, Norway

IrisBG (https://irisbg.com/)

Denmark (https://gardensearch.bgci.org/garden/2586)

Hgrsholm Arboretum, Denmark (https://gardensearch.bgci.org/garden/6383) | Custom
Arboretum Groenlandicum (https://gardensearch.bgci.org/garden/6429). Custom
University of Copenhagen Botanical Garden, Denmark IrisBG
(https://gardensearch.bgci.org/garden/5449)

Horticultural Gardens (Faculty of Life Sciences), University of Copenhagen, Custom

Geografisk Have, Kolding, Denmark
(https://gardensearch.bgci.org/garden/7269)

Custom (MS Access / Wordpress webpage; see notes)

Oulu University Botanic Garden, Finland
(https://gardensearch.bgci.org/garden/3929)

Unikko (developed by students 2005-2007, works on current
platforms but in need of update)

University of Turku, Finland (https://gardensearch.bgci.org/garden/3930)

Kotka Collection Management System
(https://wiki.helsinki.fi/xwiki/bin/view/digit/Kotka%20Collectio

n%20Management%20System/)

Arboretum Mustila, Finland (https://gardensearch.bgci.org/garden/3928)

Custom (MS Excel with partial card database; see notes)

City of Helsinki, Finland (https://vihreatsylit.fi/en/meilahden-arboretum/,
https://vihreatsylit.fi/en/niskala-arboretum/)

Puurekisteri Microstation database, MS Excel

University of Oslo Botanical Garden, Norway IrisBG
(https://gardensearch.bgci.org/garden/4198)
Stavanger botanic garden (https://gardensearch.bgci.org/garden/4196) IrisBG
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Rogaland Arboretum, Norway (https://gardensearch.bgci.org/garden/7237) IrisBG

Lund University Botanical Garden, Sweden Hortis

(https://gardensearch.bgci.org/garden/4347)

Stiftelsen Arboretum Norr, Sweden (https://www.arboretum-norr.se/) Custom

Linnaean Gardens of Uppsala, Sweden Bg-Base

(https://gardensearch.bgci.org/garden/4349)

University of Gothenburg, Sweden IrisBG

(https://gardensearch.bgci.org/garden/4348)

Stiftelsen Ekolsunds Slott och Park, Sweden Custom

(https://gardensearch.bgci.org/garden/7264)

University of Latvia Botanical Garden, Latvia Custom

(https://gardensearch.bgci.org/garden/6479)

Rhododendron Breeding and Testing Nursery “Babite”, University of Latvia Custom

Botanical Garden, Latvia (https://gardensearch.bgci.org/garden/7267)

Kalsnava Arboretum, Latvia (https://gardensearch.bgci.org/garden/7048) Custom (ArcMap/LVM Geo geodatabase (incomplete); MS
Excel)

Notes:

Geografisk Have, Kolding, Denmark (since 1953):

Historically keeping data over the plant collection has been very sparse and unsystematically maybe due to the fact that the garden was not made as
a scientific collection with the aim of natural preservation. But rather a public garden and collection of plants introduced to Denmark by Aksel Olsen.
Therefore, many plants originate from nurseries and are not collected from nature. From 1968 to 2010 plants were not systematically registered
when planted in the garden. In 1953 and 1981 an inventory of the old part of the collection ’Syvdalen’ was made. In 1985 an inventory of the rest of
the garden was made. From 2010 to 2025 the database was stored in Microsoft office access docs. From 2025 the database was moved to a
Wordpress based homepage on the internet.
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Only since 2018 data has been updated continuously and systematically and plants given a unique accession number when planted in the garden
with data on where the plants have come from. The numbers are simply made from the year of planting and a following number starting from 1 new
every year. For example, “Betula pendula 202601” is the first plant planted in 2026 and so on. Numbers starting with 100 are plants planted before
2016 and here the time of planting is not known exactly. In some cases the planting time can be narrowed down somewhat by looking through the
old inventory lists.

Plants that arrive in the garden with an accession number get a new number and the existing number is written into the database under ’remarks’.
Plants are usually not registered before they are planted in the garden. New arrivals may stand in the ‘nursery’ a year or two before being planted and
registered.

When plants die they are taken out of the database and put on a separate list (since 2017).
Arboretum Mustila, Finland:
The plantations data that are in very diverse formats:

@® Publications by A. F. Tigerstedt (1922, 1925, 1926, very comprehensive)

Publication by P. M. A. Tigerstedt (editor; 1996): Arboretum Mustila -- Publications of the Finnish Dendrological Society, Vol. 2. Helsinki.
Card index of forest plantations 1928-1954 (excluding woodland gardens)

Semi-scientific guide books (very useful)

Mixed old archive data (letters, delivery lists, inventories etc.)

"Plantations register" Excel index (complete 1987-2010, the rest incomplete, but for some plantations, this is the only place where they are
listed)

"Seed register": Excel file of seed, plant & cutting accessions (complete 1989-2023, unpolished for 2024-2026, includes all handled material
including many accessions never eventually planted in the collection)*

Map/card/sheet files (1987-2025, incomprehensive, but ca. 6000-7000 plantations in these)

Yearly planting reports/summaries (included in the index, except last few years)

Private memo-aid drafts (must be deciphered by the persons behind them)

Memorised information (only existing in the minds of old workers)

A few plantations of 2021 are only mapped in our tentative QGIS map system, which is not currently in working condition

Beyond the main arboretum, there are satellite collections (important seed sources) in public lands outside Mustila.

*This is the data included in this analysis, representing all accessions currently available in digital form.
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Appendix 2: Summary of the draft PlantSearch fields used for accession-level documentation, excluding name-based fields (which are covered by
WEFOQO), with equivalent DawinCore field names where known. The 26 summarised in Table 3 do not include ‘collection’ (always implicit in a given
dataset) or ‘germplasm type’ (we only looked at records of living plants).

Data Field Name DarwinCore name Description Upload information
categor
y
Source | Collection Name of Garden/Arboretum
Source | Accession ?catalogNumber The unique ID given to material when it is registered | Separate values by commas for
Number and labeled on entry to the collection of the garden. | multiple donor
The accession number tracks the genetic line and Possible Values: Pedigree ID(s),
allows to link back to the original occurrence UNKNOWN, WILD
informatino if it is wild collected material.
Accession: Plant material (individual or group) of a
single taxon and propagule type with identical or
closely similar parentage acquired from one source
at the same time.
Source | IPEN Number Unique ID number assigned by the International
Plant Exchange Network, if applicable.
Source | External Name of donor organisation or individual; or
Source additional information about the original source of
this accession.
Source | External If germplasm has been donated provide the Unique
Number ID (accesion number) provided by the donating
garden.
Source | Provenance The type of source of this accession. Garden Origin | Uppercase, lowercase, and
Type (G): transferred from another garden, nursery, or abbreviated values are
commercial outfit. Wild Origin (W): obtained acceptable.
directly from a wild population. Wild-Derived (Z): Possible Values: Wild (W), Wild
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derived from wild-origin, second generation or
more. Unknown (U): unknown origin.

Derived (Z), Garden (G),
Unknown (U)

Wild Collection dwc:Event:eventDate Date this accession was collected in the wild. For estimated date, either omit
origin Date month or day, or indicate
estimate level in “Collection
Date Estimate Level” field.
Acceptable Formats: YYYY-MM-
DD, YYYYMMDD, YYYY-MM,
YYYYMM, YYYY
Wild Collector dwc:Occurrence:recordedBy | Alist of names of people, groups, or organisations
origin responsible for collecting this accession.
Wild Collector dwc:Occurrence:recordNum | Identifier(s) assigned by the collector(s) at the time
origin Number ber OR this accession was originally collected.
dwc:Event:fieldNumber
Wild Locality locality Details of the specific location of the original wild
origin collection of this accession.
Wild Municipality municipality The name of the next smaller administrative region
origin than county (city, municipality, etc.) of the location
where this accession originated.
Wild County county The name of the next smaller administrative region
origin than State/Province (county, shire, department,
etc.) of the location where this accession
originated.
Wild State/Provinc | stateprovince The name of the next smaller administrative region
origin e than country (state, province, canton, department,
region, etc.) of the location where this accession
originated.
Wild Country county The name of the country or major administrative Country name, 2-digit, or 3-digit
origin unit of the location where this accession originated. | ISO country codes are
acceptable.
Wild Latitude decimallatitude The geographic latitude of the location where this In decimal degrees, ideally to 5-
origin accession originated. digit precision, WGS-84/NAD-83

datum.

33



Positive values are north of the Equator, negative
values are south of it. Legal values lie between -90
and 90, inclusive.

Entries in degrees/minutes
format will be converted to
decimal degrees.

Latitude will be masked to 2-
digit precision for public view.
Possible Values: Between -90
and 90, inclusive

Wild Longitude decimallLongitude The geographic longitude of the location where this | In decimal degrees, ideally to 5-
origin accession originated. digit precision, WGS-84/NAD-83
datum.
Positive values are east of the Greenwich Meridian, | Entries in degrees/minutes
negative values are west of it. Legal values lie format will be converted to
between -180 and 180, inclusive. decimal degrees.
Longitude will be masked to 2-
digit precision for public view.
Possible Values: Between -180
and 180, inclusive
*Wild Elevation m Useful to cross-check locality
origin
Wild Wild wild locations of poaching concern can be withheld | Possible vaues: ?
origin Occurrence
Restriction
Wild Sampling dwc:Event:samplingProtocol | The method used for collecting this accession from | Possible values: bulk collection,
origin Protocol the wild, whether propagules were separated by maternal lines, not known
Used individual maternal lines, or collected by combining
more than one maternal lines together (bulking).
Check | Taxon identifiedBy The type of verification recorded for a previous Possible Values: Comparison, A
status Determined identification or taxon name assigned for this Taxonomist, ATaxonomic
By living/viable material. Specialist, Breeder
Check | Specimen A unique number/letter to indicate the number of If omitted, number 1 will be
status Number specimens (sometimes called qualifiers, items, assigned automatically.

plantings) under one accession number. This could
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be one or more specimens labelled with or known
by at the garden.

Check Number of Number of living individual plants or seeds in this Current number of individuals
status Individuals Specimen. representing this single
specimen record. The default is
1. Tick MASS for a group of
individuals such as a mass
planting or seed lot where you
are not able to count
individuals.
Check Garden Where in the garden is this specimen. Possible values: Display
status location Greenhouse (or covered
(change environment), Outdoors all year
name of field) round, Propagation Nursery
[Environment
]-Type
Check Accessioned For estimated dates, leave month and/or day field
status - Date blank.
Check Status Check For estimated dates, leave month and/or day field
status Condition - blank.
Date
Check Status Check Possible values: alive, dead,
status Condition dormant
Check Died - (blank text field)
status Reason
Plant, Germplasm Possible Values: Plant, Seed,
seed type Pollen, Explant
etc.
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Appendix 3: Number of threatened taxa per garden 1. Taxa excluding Rhododendron, threat status from the IUCN (2026). 2. Threatened
Rhododendron based on GCC Rhododendron working redlist. In both cases, comparing A. matched names and B. WFO 2026_06 taxonomically
aligned names. *High numbers of EX and EW names at Bergen were not brought in as living material.

1 A. Matched Names.

Babit Berge | Cope Eksol Frede | Goteb | Green | Hgrsh | Kalsn Koldi Latvia | Lund Meila Mustil | Niska | Norr Oslo Oulu Rogal | Stava | Turku Upps

e n nhage | und riksbe | org land olm ava ng hti a la and nger ala
n rg
CR 0 60 62 6 8 7 0 6 4 1 2 14 0 11 1 4 2 3 8 78 5 34
DD 2 117 82 12 53 28 0 30 16 12 8 22 3 24 8 9 19 9 22 116 26 58
EN 5 114 113 11 29 18 1 29 15 10 13 26 4 20 7 7 12 8 22 145 16 71
EX 0 97* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
EW 0 29* 4 0 1 0 0 0 0 0 1 1 0 1 0 0 1 0 0 4 0 1
LC 73 1897 1392 231 716 371 53 513 278 242 169 408 81 358 124 176 283 156 345 1659 360 876
NT 3 107 64 18 27 22 1 25 13 15 7 19 2 16 5 7 10 2 19 106 16 51
VU 2 113 128 9 30 24 1 27 14 9 3 34 0 18 1 4 10 1 23 130 15 65

1 B. Taxonomically Aligned.

Babit Berge | Cope Eksol Frede | Goteb | Green | Hgrsh | Kalsn Koldi Latvia | Lund Meila Mustil | Niska | Norr Oslo Oulu Rogal | Stava | Turku Upps

[ n nhage | und riksbe | org land olm ava ng hti a la and nger ala
n rg
CR 0 55 59 6 10 7 0 7 4 1 2 14 0 8 1 4 2 3 4 75 5 32
DD 3 114 83 13 56 26 0 32 18 14 10 26 4 22 9 10 21 10 22 114 25 56
EN 5 100 116 11 29 19 1 28 12 10 11 27 4 14 7 7 12 7 17 145 14 69
EX 0 84* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EW 0 26* 5 0 2 0 0 0 0 0 1 1 0 1 0 0 1 0 0 5 0 1
LC 75 1942 1450 231 734 375 54 525 281 252 176 414 79 366 128 172 284 160 355 1766 365 864
NT 3 110 60 18 25 21 1 26 13 16 7 19 2 16 6 7 10 2 19 100 16 49
VU 3 101 124 9 30 21 1 20 8 9 3 31 0 11 1 3 10 1 16 126 12 56
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2. Threatened Rhododendron based on GCC Rhododendron working redlist.

2 A. Matched Name.

Babit Berge | Cope Eksol Frede | Goteb | Green | Hgrsh | Kalsn Koldi Latvia | Lund Meila Mustil | Niska | Norr Oslo Oulu Rogal | Stava | Turku Upps
e n nhage | und riksbe | org land olm ava ng hti a la and nger ala
n g

CR 4 9 0 0 0 1 0 1 0 0 0 0 0 2 0 0 0 0 2 4 0 0
DD 6 40 9 0 0 4 0 5 0 1 6 2 0 7 0 0 1 0 8 14 3 0
EN 5 16 7 0 2 2 0 1 1 1 0 1 0 2 0 0 0 0 9 11 0 0
EW 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LC 84 222 82 4 37 52 0 72 31 32 36 14 1 42 11 5 30 7 93 146 53 13
NT 3 35 4 0 1 5 0 3 1 2 1 1 0 0 0 0 1 16 19 0 0
VU 15 126 27 0 5 25 0 18 1 7 4 10 0 7 0 0 3 0 34 62 11 0
2 B. Taxonomically Aligned.

Babit Berge | Cope Eksol Frede | Goteb | Green | Hgrsh | Kalsn Koldi Latvia | Lund Meila Mustil | Niska | Norr Oslo Oulu Rogal | Stava | Turku Upps

[ n nhage | und riksbe | org land olm ava ng hti a la and nger ala

n g

CR 4 10 0 0 0 1 0 1 0 0 0 0 0 2 0 0 0 0 2 4 0 0
DD 6 42 11 0 0 7 0 8 2 2 6 2 0 9 0 0 1 0 10 18 3 0
EN 5 17 7 0 2 3 0 1 1 1 1 1 0 3 0 0 0 1 9 12 1 0
EW 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LC 84 232 84 4 39 53 0 72 35 33 36 16 1 46 11 5 29 10 97 153 54 13
NT 3 37 5 0 2 5 0 3 1 2 1 1 0 0 0 0 1 0 19 22 1 0
VU 17 132 29 0 8 24 0 18 2 8 5 10 0 7 0 0 4 1 40 67 11 0
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Appendix 4: Data compiled from the 22 Botanic gardens and Arboreta that collaborated in the
Nordic Arboreta Committee led development of a Nordic Metacollection.

Available as an open access data archive on Zenodo: https://doi.org/10.5281/zenod0.23764541

Includes:

Nordic_compiled_name_match - compiled list of plant names from each collection. The
verbatim name, the best match to WFO and the current accepted name in WFO June 2026
release.

Nordic_accessions - priority list of accessions checked by collections.

Nordic_taxa_statments_of facts - match WFO names, WFO rank, WFO taxonomic status,
IUCN (2026_1) red list criteria, Global Conservation Consortia Rhododendron working redlist,
lifeform and cited_appendix.

Nordic_appendix_5_full_list - Expanded appendix 5 table that includes all threatened
rhododendron and the number of collections that they occur in.

Nordic_table_2_full_list - Expanded table 2 Threatened taxa and the number of collections that
they occur in.

Nordic_fig_2_underlying_stats - compiled name stats that generated Fig. 2.

Nordic_garden_taxonomy_summary - summary of matched names, how they compared to the
WFO June 2026 release, how each collection compared to each other in terms of shared and
unigue names.

Files are csv utf-8.

Nordic arboreta_all_accessions_20261030.xlsx - Accessions-level data for threatened
species included in a single spreadsheet based on an export from PlantSearch and including
various summaries of the data as presented in the results.

Made in MS Excel.
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Appendix 5: Most shared threatened Rhododendron taxa

Decne.

Name Number of gardens Red List Stat

us.
Rhododendron insigne Hemsl. & 11 Vulnerable
E.H.Wilson
Rhododendron williamsianum 10 Vulnerable
Rehder & E.H.Wilson
Rhododendron lutescens 9 Near Threatened
Franch.
Rhododendron makinoi Tagg ex 8 Vulnerable
Nakai
Rhododendron rex H.Lév. 8 Vulnerable
Rhododendron proteoides Balf.f. 7 Vulnerable
& W.W.Sm.
Rhododendron elegantulum Tagg 7 Vulnerable
& Forrest
Rhododendron nakaharae 7 Endangered
Hayata
Rhododendron galactinum Balf.f. 6 Endangered
ex Tagg
Rhododendron taliense Franch. 6 Vulnerable
Rhododendron souliei Franch. 6 Vulnerable
Rhododendron auriculatum 6 Vulnerable
Hemsl.
Rhododendron orbiculare 6 Vulnerable
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