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A model for determining ex situ conservation priorities
in big genera is provided by analysis of the subgenera
of Rhododendron (Ericaceae)
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Abstract The large size and complex taxonomy of big genera complicates decision

making for conservation. We propose that Rhododendron, comprising some 1215 taxa,

divided into nine subgenera and many sections, can be used as a model for other big

genera. Although Red List assessments placed 715 taxa in a threat category, or listed them

as Data Deficient, and moreover Target 8 of the Global Strategy for Plant Conservation

requires 75 % of Red List taxa to be held in ex situ collections by 2020, to date there have

been few studies of Rhododendron ex situ collections or conservation priorities. Utilising

the subgenus structure of Rhododendron as a framework for examining conservation

priorities, we analysed the Red List and determined that subgenera Vireya and

Hymenanthes have the most acute conservation issues. Examination of taxa in cultivation

shows that 844 of 1215 taxa (70 %) are in cultivation, with subgenera varying from 45 to

100 %. Of the 715 Red List taxa, 400 (56 %) are in cultivation, with subgenera varying

from 28 to 72 %. Subgenera Vireya and Azaleastrum have the poorest representation in

cultivation and should have precedence for ex situ conservation. As no subgenus reaches

the requirement for Target 8, further planning is needed for ex situ conservation of

Rhododendron. After combining the two analyses, we propose the priorities for ex situ

conservation should be ordered (i) Vireya, (ii) Azaleastrum and (iii) Hymenanthes. Finally,
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we propose five conservation actions for Rhododendron, and summarise our approach as a

model for conservation of other big genera.

Keywords Ex situ collections � Red List � Target 8 � Botanic gardens � Vireya �
Hymenanthes � Azaleastrum

Introduction

One-third of plant species are threatened with extinction (Oldfield 2010), with threats

ranging from conversion to agriculture, large infrastructure construction, overharvesting,

deforestation, habitat loss, and climate change (Lasco et al. 2010; Oldfield 2010; Sharrock

et al. 2014; Hong and Blackmore 2015). To respond to such threats, robust and structured

methods for setting priorities and carrying out conservation are needed (Oldfield 2010). In

this study we consider the ex situ conservation of living plants, which is structured around

two key principles: acquiring and cultivating Red List taxa in ex situ collections, and

applying various procedures to determine which taxa should take priority (Heywood and

Iriondo 2003; Maunder and Byers 2005; Oldfield 2009, 2010; Blackmore et al. 2011;

Pritchard et al. 2011). These principles underpin two of the Targets of the Global Strategy

for Plant Conservation (IUCN 2011): Target 2, whereby Red List assessments of plant

genera generate initial priorities for conservation, and Target 8, which states that 75 % of

Red List taxa should be cultivated in ex situ collections by 2020 (Wyse-Jackson and

Kennedy 2009; IUCN 2011; Sharrock 2012; Williams et al. 2012). Each principle (Target)

has a series of associated practices; e.g., an effective ex situ collection should be correctly

identified and labelled, of known wild origin, adequately sampled and of appropriate

genetic representation, properly verified and well documented (Leadlay et al. 2006;

Blackmore et al. 2011; Rae 2011). Priority setting frequently uses Red Lists to create an

initial hierarchy, with additional factors such as geographic hotspots, endemism, and

taxonomic distinctiveness also being used to identify priority taxa (Farnsworth et al. 2006;

Kozlowski et al. 2012; Castaneda-Alvarez et al. 2015; Cavendar et al. 2015). Such addi-

tional factors may be needed in large or complex genera, or those with a broad geographic

range.

Rhododendron (Ericaceae) comprising about 1215 taxa (Chamberlain et al. 1996; Gibbs

et al. 2011; Argent 2015) is centred in Asia, with taxa also native to North America,

Europe, Southeast Asia and Australia. Rhododendron is an excellent case study for con-

servation planning because of its status as a ‘big genus’ (Frodin 2004). There are more than

50 big genera (Frodin 2004), comprising a mix of woody and non-woody genera and with

many of tropical origin, e.g. Begonia (Twyford et al. 2015), and Peperomia (Samain et al.

2009). In big genera the large size (more than 500 species) is combined with complex

taxonomy and division into many subgroups. Active speciation contributes to the com-

plexity, with a high degree of morphological variation often observed, and a high incidence

of natural hybrids, polyploids, uncertain species boundaries and taxonomic queries (Frodin

2004; Ennos et al. 2005, 2012; Samain et al. 2009; Twyford et al. 2015). These features are

present in Rhododendron (Crutwell 1988; Chamberlain 2003; Cullen 2005; Jones et al.

2007; Milne et al. 2010; Argent 2015), which has a complex taxonomic structure of nine

subgenera of varying sizes (1–400 taxa), which are further divided into 74 sections of

varying sizes (1–98 taxa) (Chamberlain et al. 1996; Argent 2015).
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Study of big genera contributes to the understanding of evolution and diversification of

flora (Frodin 2004; Samain et al. 2009; Twyford et al. 2015); however, conservation

decision making can be challenging in big genera. Firstly, taxonomic uncertainty makes

species definition and taxon sampling difficult (Goodall-Copestake et al. 2005; Ennos et al.

2005, 2012; Blackmore et al. 2011), which is problematic when Red List taxa are not easily

distinguished from related common taxa. In such cases, conservation planning should be

broader than the single-species approach and consider groups of related taxa (Ennos et al.

2005; Blackmore et al. 2011; Ennos et al. 2012). Secondly, the sheer size of the genus is

also an issue, for example, a mechanism is needed to allocate priorities among the 241

Rhododendron taxa that were assessed as Vulnerable (Gibbs et al. 2011; Argent 2015).

Where smaller taxonomic groupings are available in a big genus, these provide a degree

of focus and a useful framework for determining conservation priorities, particularly if Red

List taxa are concentrated in some groups but not in others. This is also a useful way to

consider conservation of groups of related species, and incorporate taxonomic complexity

(at least at the smaller group level) into the conservation assessment. Thirdly, any group of

taxa that has particular features, such as a specific geographic distribution, or a certain

pattern of endemism, can be examined separately.

A further degree of complexity in a big genus can be a broad ecological range;

Rhododendron is also an exemplar in this respect. Taxa are found in ecological zones

ranging from lowland to high altitude forest, scrub and grasslands at various altitudes, bogs

and swamps, as well as montane and alpine zones (Cox and Cox 1997; Gibbs et al. 2011;

Argent 2015). In keeping with the wide range of habitats, life forms include groundcovers,

shrubs, trees, and epiphytes (epiphytic habit is particularly common in subgenus Vireya).

Many horticultural plants have been developed from wild Rhododendron taxa (Cox and

Cox 1997) and there are thousands of horticultural cultivars (Leslie 2004). Rhododendron

are subject to a range of threats to survival, including deforestation, habitat loss, firewood

harvesting, and other agriculture and production uses (Paul et al. 2005; Lasco et al. 2010;

Sekar and Srivastava 2010; Gibbs et al. 2011).

Once a Red List assessment of any genus is completed, ex situ collections of Red List

taxa are required; however, in general such collections1 frequently do not exist or are of

poor quality. Although common taxa are likely to be held in ex situ collections (Kozlowski

et al. 2012; Cires et al. 2013), Red List taxa are often entirely absent, or held in very few

collections (Maunder et al. 2000, 2001a, b; Powledge 2011; Pritchard et al. 2011; Rae

2011; Cires et al. 2013). Presence in any fewer than three collections is a risk threshold

(Lowe 1988, 1989), whereby the species may not be present at all, because: the plant died,

or the identity was wrong, or a plan to acquire the taxon did not come to fruition. Where

Red List taxa are held in collections, the number of accessions is often limited and genetic

representation is either low or unknown (Rae 2011; Cavendar et al. 2015; Christe et al.

2014). Taxonomic or geographic groups are often poorly represented (Maunder et al.

2001a; Kozlowski et al. 2012; Cavendar et al. 2015). Hence current collections of many

genera often have limited utility for conservation, and deliberate development is needed for

such collections to become effective. Recording and assessment of what is already in

collections is therefore a priority task (Cires et al. 2013).

1 In this study we use the terms ‘‘plant collections’’, ‘‘ex situ collections’’ and ‘‘collections’’ to refer to
botanic gardens or other sites that contain an assemblage of living plants. The terms do not refer to the
activity of ‘plant collecting’ where samples (herbarium, seed, or propagation material) are gathered from the
field.
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Rhododendron in particular has been the subject of two Red List assessments and a

single survey of collections. The first Red List assessment considered the whole genus (as

it was at the time) and examined 1155 taxa (Gibbs et al. 2011). Subsequently, Argent

(2015) revised the taxonomy of subgenus Vireya and, in doing so, revised 37 assessments

and added 60 new assessments (for recently described taxa, or taxa not considered in

2011). Following the 2011 assessment, Botanic Gardens Conservation International

(BGCI) conducted a survey of taxa in botanic gardens and reported that 67 % of ‘all taxa’

and 53 % of Red List taxa were present in those gardens, and that the two most significant

collections world-wide were at Royal Botanic Garden Edinburgh and Royal Botanic

Garden Kew (BGCI 2012). They focused on the 48 most endangered taxa that were in

cultivation at that time (using the Red List categories to determine priority) and reported an

average of 5.8 records per taxon on the BGCI database for those taxa. However, the BGCI

(2012) study did not examine any differences in Red List status among taxonomic groups

or consider other factors that might influence conservation priorities.

In this study, the subgenus structure, which divides the genus into smaller groups of

related species, was used as a framework for examination of the Red List status of

Rhododendron, the extent to which subgenera are in cultivation, and the likely priorities for

ex situ conservation. Our objectives were to (i) analyse the Red List assessments for the

subgenera of Rhododendron, (ii) identify subgenera that should have priority for conser-

vation, (iii) examine the extent to which taxa are in cultivation in selected international

collections, (iv) identify subgenera that are poorly represented in cultivation, and (v) pro-

pose priorities for conservation action. Finally, we discuss the use of this strategy as a

model for conservation planning in big genera.

Methods

A data-set of taxa in the subgenera of Rhododendron, their Red List status, and their

presence in cultivation was constructed from several sources. These included a base list of

taxa created from Argent (2015), Chamberlain et al. (1996) and Gibbs et al. (2011), using

the subgenera definitions of Argent (2015) for subgenus Vireya, and Chamberlain et al.

(1996) for the other eight subgenera (Azaleastrum, Candidastrum, Hymenanthes,

Mumeazalea, Pentanthera, Rhododendron, Therorhodion, Tsutsusi). Data describing taxa

in cultivation were then added—beginning with the number of records for each taxon on

the online database at BGCI (BGCI 2015). Secondly, the online databases at Royal Botanic

Gardens Edinburgh and Kew were searched in 2015 for the presence of each taxon (RBGE

2013; RBGK 2015). Finally, data on taxa in 21 collections in New Zealand were added

(from surveys conducted 2010–2015). As there are known wild-source collectors in New

Zealand (Adams 1996; Binney 2003; Argent 2015), these collections may contain taxa that

could be relevant to an ex situ conservation programme. Taxa were defined as ‘in culti-

vation’ if there was a record at any of the locations investigated.

Red List data were obtained from Gibbs et al. (2011) and Argent (2015), with the

assessment for each taxon included in the data-set. There are six threat categories (used

when a conservation issue can be quantified according to the criteria of the International

Union for Conservation of Nature (IUCN)), which are, with decreasing degree of risk:

Extinct, Extinct in the Wild, Critically Endangered, Endangered, Vulnerable, Near

Threatened. The other categories are Data Deficient; (used when there is likely to be a
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conservation issue but it cannot presently be quantified), and Least Concern, for taxa which

are considered common and without any conservation issue.

Data were combined into a database using Filemaker Pro software. Each record

included scientific name, authority, synonyms, subgenus (Chamberlain et al. 1996; Fang

et al. 2005; Argent 2015), Red List assessment, presence in cultivation (at any of the sites

investigated), and number of accessions on the BGCI database. Only valid taxa were

included; scientific names for Vireya taxa were checked using Argent (2015), and other

subgenera using Chamberlain et al. (1996), Gibbs et al. (2011), and Fang et al. (2005).

The first examination of the data was an analysis of the Red List whereby subgenera

were ranked according to each of four Red List factors (number of taxa Red Listed,

percentage of taxa Red Listed, number of Data Deficient taxa, percentage of Red List taxa

rated Data Deficient) and a score assigned to each rank. (Ranking for both number and

percentage facilitates comparison among subgenera of different sizes. Data Deficiency is

used as an indicator of urgency for conservation, because high rates of Data Deficiency

indicate a lack of knowledge and a need for further research.) Ranking scores were

summed for each subgenus, for the four Red List factors, and subgenera with the highest

scores were assigned highest priority for conservation action.

The second examination of the data considered taxa in cultivation, showing the extent to

which ‘all taxa’ and Red List taxa for each subgenus are in cultivation—subgenera with

greater numbers and percentages of taxa in cultivation are ‘safer’ than those with lower

figures. However, urgency for ex situ conservation is also expressed by the numbers and

percentages of taxa ‘not in cultivation’. In the third data analysis subgenera were ranked

according to five ‘not in cultivation’ factors (number of Red List taxa not in cultivation,

percentage of Red List taxa not in cultivation, number of Data Deficient taxa not in

cultivation, percentage of Data Deficient taxa not in cultivation, lowest average number of

records per taxon at BGCI) and a score assigned to each rank. Scores for each subgenus

were summed for the five factors, and those with the highest sum of scores were assigned

highest priority. An overall priority was determined by summing the ‘Red List score’ and

the ‘not in cultivation score’ to generate a Total Score, and ranking subgenera by that

score, thereby prioritising subgenera that ranked highly in the Red List assessment yet had

low frequency in cultivation.

Results and discussion

Red List analysis for Rhododendron

When the Red List assessments of Gibbs et al. (2011) and Argent (2015) were combined,

they revealed a total of 1215 Rhododendron taxa, of which 715 (59 %) were Red Listed

(Table 1). The percentage of taxa Red Listed is higher than recent assessments for tree

species (42 %) (Newton and Oldfield 2008), Acer (44 %) (Gibbs and Chen 2009), or

Quercus (53 %) (Oldfield and Eastwood 2007), indicating a marked conservation issue for

Rhododendron. Within Rhododendron, the greatest numbers of taxa occur in the Vulner-

able (260 taxa) and Data Deficient (315 taxa) categories. Furthermore, the percentage of

Data Deficient2 ratings (44 %) is higher than for recent assessments of Acer (35 %),

Quercus (30 %) or Magnoliaceae (8 %) (MacKay et al. 2010), indicating a knowledge

issue for Rhododendron that is likely to inhibit conservation planning (Newton and

2 Number of Data Deficient/(Threat categories ? Data Deficient) 9 100.
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Oldfield 2008; Blackmore et al. 2011; Cires et al. 2013). Clearly, additional research into

Data Deficient taxa must be an important component of any conservation action for

Rhododendron.

When the Rhododendron Red List is analysed by subgenus (Table 1), the greatest

numbers of Red List taxa are found in Hymenanthes, where 240 of 358 taxa were Red

Listed and 70 of the 240 were deemed Data Deficient. Subgenus Hymenanthes has almost

twice the number of threatened taxa as the next largest subgenera (Vireya and Rhodo-

dendron3), largely because of the high number of Vulnerable taxa; however, subgenus

Vireya has the greatest number of Data Deficient taxa (indicating an acute knowledge and

research problem for that subgenus). Subgenera Rhododendron and Vireya have the

greatest numbers of Critically Endangered taxa, and two Vireya taxa are Extinct. Three of

the smallest subgenera have no Red List taxa.

Table 2 shows the ranking of subgenera for each of four Red List factors: number of

taxa Red Listed, percentage of taxa Red Listed, number of Red List taxa rated Data

Deficient, and percentage of Red List taxa rated Data Deficient. Considering the factors

individually, Hymenanthes and Vireya have the greatest number of taxa Red Listed, while

Hymenanthes and Azaleastrum have the highest percentages of taxa Red Listed (five of the

nine subgenera have 50 % or more of taxa Red Listed). Pentanthera is the only subgenus

(apart from the three subgenera that have no Red List taxa) to have less than 50 % of taxa

Red Listed. The greatest numbers of Data Deficient taxa are in Vireya and Hymenanthes,

while the highest percentages of Red List taxa rated Data Deficient are in Azaleastrum and

Pentanthera. Each subgenus, in each ranking, is assigned a ‘ranking score’ (in the left-hand

3 To avoid confusion between Rhododendron the genus, and Rhododendron the subgenus, italic text is used
for the genus, and plain text is used for the subgenus (and the other subgenera).

Table 1 Number of Rhododendron taxa in Red List categories in each subgenus (Chamberlain et al. 1996;
Argent 2015), as assessed by Argent (2015) and Gibbs et al. (2011)

Threat category Number of taxa from each subgenus in each Red List category Total

Ther Cand Mume Azal Tsut Pent Hyme Rhod Vire

Extinct 2 2

Extinct in the Wild 1 1

Critically Endangered 4 6 14 12 36

Endangered 1 6 17 3 12 39

Vulnerable 6 20 5 120 49 60 260

Near Threatened 7 27 26 2 62

Total in threat
categories

7 38 5 170 92 88 400

Data Deficient 18 42 9 70 63 113 315

Total Red Listed 0 0 0 25 80 14 240 155 201 715

Least Concern 2 1 1 13 44 20 118 102 199 500

Total assessed 2 1 1 38 124 34 358 257 400 1215

Gibbs et al. (2011) assessed 1155 taxa. Argent (2015) updated the assessments of 37 taxa, and made new
assessments for another 60 taxa that were not considered by Gibbs et al. (2011)

Cand Candidastrum, Mume Mumeazalea, Ther Therorhodion, Azal Azaleastrum, Pent Pentanthera, Tsut
Tsutsusi, Hyme Hymenanthes, Rhod Rhododendron, Vire Vireya
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column of the table), e.g., the ranking scores for Hymenanthes are 6 ? 6 ? 5 ? 1, while

those for Pentanthera are 1 ? 1 ? 1 ? 5.

Summing the ranking scores for each subgenus, for each the four Red List factors in

Table 2, and prioritising subgenera for conservation according to the total, indicates that

Hymenanthes (18 points) and Vireya (17 points) should take priority for conservation.

These are the two largest subgenera; Hymenanthes scores highly in the ranking because of

the high number and percentage of Red List taxa, while Vireya scores highly because of a

high number of Red List taxa combined with a high number of Data Deficient taxa. Next in

the ranking are Azaleastrum (15 points), Rhododendron (13), and Tsutsusi (10). By the

Red List analysis, Pentanthera has the lowest overall score, at 8 points, and hence has the

lowest priority for conservation.

Rhododendron subgenera ‘in cultivation’

Of the 1215 Rhododendron taxa examined in the Red List assessments, 844 (70 %) are ‘in

cultivation’ as defined in this study, with the greatest numbers in subgenus Hymenanthes

(288), followed by Vireya (245) and Rhododendron (195) (Fig. 1). Of the 844 taxa in

cultivation, 290 (34 %) are insecure in cultivation as they have three-or-fewer records at

BGCI, while 143 (17 %) have only one record at BGCI. The overall percentage in culti-

vation is a small increase from the 67 % reported in 2012 (BGCI 2012). Three subgenera

(Vireya 61 %, Tsutsusi 53 %, Azaleastrum 45 %) are below the overall averages for the

present study and the 2012 study (BGCI 2012). Of the other six subgenera, the three

smallest subgenera (Candidastrum, Mumeazalea, Therorhodion) have 100 % of taxa in

cultivation, while the remaining three all have more than 75 % of ‘all taxa’ in cultivation

(Pentanthera 85 %, Hymenanthes 80 %, and Rhododendron 76 %). Considering the

broader (than the single taxon) approach to conservation that is recommended for large and

complex genera (Ennos et al. 2005, 2012), those subgenera with more than 75 % of ‘all

taxa’ in cultivation are well placed for ex situ conservation. In contrast, subgenera Vireya,

Tsutsusi and Azaleastrum are poorly placed.

Table 2 Rhododendron subgenera (Chamberlain et al. 1996; Gibbs et al. 2011; Argent 2015): ranked
according to four Red List factors

Ranking score No. of taxa Red
Listed

Percentage of taxa
Red Listed

No. of Red List taxa
rated Data Deficient

Percentage of Red
List taxa rated Data
Deficient

Subgenus No. Subgenus % Subgenus No. Subgenus %

6 Hymenanthes 240 Hymenanthes 67 Vireya 113 Azaleastrum 72

5 Vireya 201 Azaleastrum 66 Hymenanthes 70 Pentanthera 64

4 Rhododendron 155 Tsutsusi 65 Rhododendron 63 Vireya 56

3 Tsutsusi 80 Rhododendron 60 Tsutsusi 42 Tsutsusi 53

2 Azaleastrum 25 Vireya 50 Azaleastrum 18 Rhododendron 41

1 Pentanthera 14 Pentanthera 41 Pentanthera 09 Hymenanthes 29

0 Therorhodion 0 Therorhodion 0 Therorhodion 0 Therorhodion 0

Mumeazalea Mumeazalea Mumeazalea Mumeazalea

Candidastrum Candidastrum Candidastrum Candidastrum
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The same three subgenera are also poorly represented in cultivation, as denoted by the

average number of records per taxon on the BGCI database (Table 3), although other

subgenera are relatively secure in cultivation. When calculated across all taxa (which is

indicative of the extent to which the whole subgenus is in cultivation), six subgenera have

an average of 10 or more records per taxon, and Tsutsusi has 5.6 records per taxon.

Azaleastrum (3.0 records per taxon) and Vireya (2.1 records per taxon) fall into the three-

or-fewer range, indicating poor representation in cultivation. When the calculation is

restricted to only those taxa in cultivation (which describes the relative security of those

1

1

2

29

17

66

195

245

288

1

1

2

34

38

124

257

400

358

Candidastrum

Mumeazalea

Therorhodion

Pentanthera

Azaleastrum

Tsutsusi

Rhododendron

Vireya

Hymenanthes

No. of taxa in the subgenus No. of those taxa 'in cul�va�on'Fig. 1 Rhododendron subgenera
(Chamberlain et al. 1996; Gibbs
et al. 2011; Argent 2015):
number of taxa in each subgenus
‘in cultivation’ in 2015

Table 3 Rhododendron subgenera (Chamberlain et al. 1996; Gibbs et al. 2011; Argent 2015): average
number of Botanic Gardens Conservation International (BGCI) records per taxon for all taxa, and for only
those taxa ‘in cultivation’

Subgenus All taxa: average no. of
BGCI records per taxon

Taxa in cultivation: average no.
of BGCI records per taxon

Pentanthera 48.0 56.3

Therorhodion 26.5 26.5

Mumeazalea 20 20

Hymenanthes 13.7 17.0

Rhododendron 10.8 14.3

Candidastrum 10 10

Tsutsusi 5.6 10.5

Azaleastrum 3.0 6.6

Vireya 2.1 3.6
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taxa that are in cultivation), all subgenera except Vireya have more than six records per

taxon, while Vireya, at 3.6 records per taxon, is only just above the three-or-fewer risk

threshold (Lowe 1988). That is, for eight of nine subgenera, the taxa in cultivation are

reasonably secure—but this is not the case for subgenus Vireya. Whichever calculation

method is used, Vireya, Azaleastrum and Tsutsusi have the poorest representation in

cultivation, and Vireya is in the worst position.

When Red List taxa are considered (Fig. 2), 400 of the 715 Red Listed taxa (60 %) are

in cultivation, with the greatest numbers from Hymenanthes (174) and Rhododendron

(101). As with ‘all taxa’, the overall percentage in cultivation is an increase over the 53 %

reported in 2012 (BGCI 2012), and is considerably better than the 30 % for all Red List

plants (Oldfield 2010). Individual subgenera vary: Hymenanthes (73 % of Red List taxa in

cultivation) approaches the Target 8 criterion, whereas three subgenera (Vireya 40 %,

Tsutsusi 36 %, Azaleastrum 28 %) are well below that target, and below the overall

averages for this study and the BGCI study (BGCI 2012). (Percentages of Red List taxa in

cultivation are 65 % for Rhododendron and 64 % for Pentanthera.) While the overall

percentage of taxa in cultivation has increased over time, the same three subgenera

(Vireya, Tsutsusi, Azaleastrum) have the lowest scores for both ‘all taxa’ and Red List

taxa, and no subgenus meets the 75 % requirement for Target 8. When Red List taxa are

considered overall, 91 (23 %) have only one record at BGCI and 174 in total (44 %) have

three-or-fewer records, underscoring the somewhat limited representation in cultivation. A

concerted effort will be needed to achieve Target 8, especially for Vireya, Tsutsusi and

Azaleastrum.

When subgenera are examined for average number of records per Red List taxon on the

BGCI database (Table 4), three subgenera (Pentanthera, Hymenanthes, Rhododendron)

have an average of more than three records per Red List taxon and are relatively secure in

cultivation. Red List taxa from Tsutsusi, Vireya and Azaleastrum have scant representation

in cultivation, with averages of only 1.6, 0.9 and 0.8 respectively. When the calculation is

restricted to only those taxa in cultivation, Tsutsusi improves to 4.5 records per taxon,

Azaleastrum has 3.0 records per taxon, but Vireya remains below the three-or-fewer value

9

7

29

101

80

174

14

25

80

155

201

240

Pentanthera

Azaleastrum

Tsutsusi

Rhododendron

Vireya

Hymenanthes

No. of Red List taxa in the subgenus

No. of those Red List taxa 'in cul�va�on'

Fig. 2 Rhododendron
subgenera* (Chamberlain et al.
1996; Gibbs et al. 2011; Argent
2015): number of Red List taxa in
each subgenus ‘in cultivation’ in
2015 (* three subgenera, total
four taxa, have no Red List taxa
so are not included in this figure)
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at 2.2 records per taxon. Representation of the other subgenera ranges from 8.3 to 17.4

records per taxon. In 2012 BGCI reported an average of 5.8 records per taxon for the 48

most endangered taxa, which is in the mid-range of the figures reported here, but as they

did not report any range over subgenera, no direct comparison can be made. However, the

same calculation for the same 48 taxa can be made, and this now shows an average of 9.5

records per taxon with a range of 0–11, although five taxa are no longer in cultivation.

While the increasing average is a positive trend, the loss of five taxa from cultivation is

unfortunate.

Urgency for ex situ conservation action is also indicated by an absence from cultivation;

Table 5 shows the ranking of subgenera for five ‘not in cultivation’ factors. Subgenus

Vireya has the greatest number of Red List taxa ‘not in cultivation’, followed by

Hymenanthes, while the highest percentages of Red List taxa ‘not in cultivation’ are found

in Azaleastrum and Tsutsusi. Number and percentage of Data Deficient taxa ‘not in cul-

tivation’ place Vireya, Hymenanthes and Azaleastrum at the top of the individual rankings.

Subgenera Azaleastrum and Vireya have the poorest average number of records per Red

List taxon at BGCI, and are therefore ranked highest for that factor.

When ranking scores for the five ‘not in cultivation’ factors in Table 5 are summed for

each subgenus, and subgenera ranked according to that total, Vireya (6 ? 4 ? 6 ? 5 ? 5 =

26 points) should take the highest priority for ex situ conservation, followed by Aza-

leastrum (22 points), Tsutsusi (19 points) Hymenanthes (16 points) and Rhododendron (15

points). Pentanthera, with 7 points, is relatively secure in cultivation, and the three small

subgenera which have all taxa in cultivation all score zero. (As this indicator measures ‘not

in cultivation’, a low score is indicative of security in cultivation.)

Ex situ conservation priority according to total score

When ‘Red List’ and ‘not in cultivation’ scores are summed (Table 6), Vireya has the

highest Total Score (43 points), with Azaleastrum next (37 points), followed by

Hymenanthes (34 points). Hence, these subgenera should have highest priority for ex situ

conservation and a strategy is required to improve the status of these subgenera in culti-

vation. Subgenera Rhododendron and Tsutsusi are similarly placed, with 29 and 28 points

respectively, while Pentanthera (15 points) has the lowest urgency for ex situ conservation.

Table 4 Rhododendron subgenera (Chamberlain et al. 1996; Gibbs et al. 2011; Argent 2015): average
number of Botanic Gardens Conservation International (BGCI) records per taxon for all Red List taxa, and
for only those Red List taxa ‘in cultivation’

Subgenus All Red List taxa: average
no. of BGCI records per
Red List taxon

Red List taxa in cultivation:
average no. of BGCI records
per Red List taxon

Pentanthera 11.2 17.4

Hymenanthes 8.2 11.3

Rhododendron 5.4 8.3

Tsutsusi 1.6 4.5

Vireya 0.9 2.2

Azaleastrum 0.8 3
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Priority subgenera: Vireya, Azaleastrum, and Hymenanthes

Subgenus Vireya is centred in Malesia and contains 11 taxonomic sections of different

sizes; Red List taxa are spread among those sections, although the largest sections have the

greatest number of Red List taxa (Online Resource 1). Subgenus Azaleastrum is centred on

mainland Asia and Japan, and has only two sections; Chionastrum has the greatest number

of Red List taxa (Online Resource 1). Hymenanthes has 25 taxonomic sections, and has a

disjunct distribution, with taxa in Asia, Europe and North America—again the greatest

numbers of Red List taxa are in the largest sections (Online Resource 2). Of note is the

relatively high number of Data Deficient taxa in Pontica: taliensia and Pontica: irrorata;

two groups of mainland Asian origin. High numbers of Data Deficient taxa are also seen in

Schistanthe: euvireya and Schistanthe: malesia (Malesian origin) in subgenus Vireya, and

Chionastrum (Chinese origin) in subgenus Azaleastrum.

Data Deficient taxa in these subgenera are also poorly represented in cultivation

(Figs. 3, 4, 5), with low average numbers of BGCI records per taxon (Online Resource

3); Vireya has 0.5 records per Data Deficient taxon, Azaleastrum 0.9, and Hymenanthes

2.5 records. Hymenanthes is in a somewhat better position overall as it has a smaller

proportion of Data Deficient taxa, and most of its Vulnerable taxa are in cultivation

(Fig. 5). Hymenanthes also has relatively high average numbers of BGCI records per

taxon, greater than three in all instances, except where Data Deficient taxa are calculated

across all Data Deficient taxa (as opposed to only those in cultivation). In contrast,

Vireya is poorly placed: no Red List category has more than three BGCI records per

taxon. Azaleastrum is similarly poorly placed; only ‘Data Deficient taxa in cultivation’

has an average greater than three. Least Concern taxa are well represented in

Hymenanthes, but poorly so in Vireya, where BGCI averages are only slightly over three

records per taxon.

With respect to ex situ conservation, Red List taxa in Hymenanthes are relatively

well placed, while those in Vireya and Azaleastrum are in a poor position. The problem

of Data Deficiency is highlighted by these data; Data Deficient taxa in these subgenera

are concentrated in certain taxonomic sections, which are poorly represented in

cultivation.

Table 6 Rhododendron subgenera (Chamberlain et al. 1996; Gibbs et al. 2011; Argent 2015): ranked
according to Total Score (Red List score ? ‘not in cultivation’ score)

Subgenus Total score
(maximum
score = 54)

Red List score = sum of ranking
scores for Red List factors (Table 2).
(maximum score = 24)

‘‘Not in cultivation’’ score = sum
of ranking scores for ‘not in
cultivation’ factors (Table 5).
(maximum score = 30)

Vireya 43 17 26

Azaleastrum 37 15 22

Hymenanthes 34 18 16

Tsutsusi 29 10 19

Rhododendron 28 13 15

Pentanthera 15 8 7
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Rhododendron collections

Of the 844 Rhododendron taxa recorded in cultivation in this study, the largest number is

held at Edinburgh (613 taxa, 2561 accessions), followed by a New Zealand collection4

(483 taxa, 764 accessions) and Kew (320 taxa, 1840 accessions). Of the 400 Red List

Rhododendron taxa in cultivation, the greatest number is held at Edinburgh (245 taxa, 681

accessions), followed by the New Zealand collection (178 taxa, 232 accessions) and Kew

(128 taxa, 506 accessions). Of these three sites, Kew has the greatest number of accessions

per taxon, followed by Edinburgh and the New Zealand site.

It should be noted that the numbers of taxa found in this study for Edinburgh and Kew

are fewer than those reported by BGCI (2012) who listed 734 for Edinburgh and 404 for

Kew. Given that the same databases were used in this study as the 2012 study, some

possible explanations for the different figures are: death of taxa between 2012 and 2015; a

data management issue whereby not all taxa are displayed on the databases in 2015; the

2012 study having different access permissions and viewing a different data-set. Also, we

recorded another 95 taxa at Edinburgh and 60 at Kew, which would reduce the discrepancy

between our data and BGCI (2012), but these taxa were not considered by Gibbs et al.

(2011) and so were not included in this analysis. BGCI (2012) is not clear on whether

unevaluated taxa were included in their data.

4 Under our data sharing agreement with New Zealand collection owners, individual sites are not named in
publications.
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Limitations of this study

This study has established priorities for ex situ conservation of Rhododendron subgenera

by identifying subgenera that rank highly for risk according to Red List factors, and which

are poorly represented in cultivation. There has not been any examination of taxonomic

levels below subgenus, or any geographic groupings; for example, conservation priority

may be adjusted for subgenera with high rates of endemism, or groups of taxa that orig-

inate in particular geographic hotspots. The potential influence of such factors on con-

servation priorities has not been considered in this study and these factors should be

examined in future research.

A second possible limitation is the scope of the data used to define taxa as ‘in culti-

vation’. Taxa were so defined if they were listed on the Plant Search database at BGCI

(which covers 1,363,723 entries of 496,775 taxa from 1147 botanic gardens world-wide

(bgci.org, accessed 2.5.2016)), or listed in the two largest ex situ collections as assessed by

BGCI (2012), or listed in New Zealand. BGCI (2012) surveyed 304 botanic gardens world-

wide; however, some private sites in United Kingdom and North America were not

included, and Asia (the geographic centre for Rhododendron) was represented by only

eleven sites (eight in China, and three in Southeast Asia), although five of the Chinese sites

are major botanic gardens for that region (Hong and Blackmore 2015). Further research

should determine which other ex situ collections are likely to be significant and investigate

those collections.

The subgenera definitions of Rhododendron are the third possible limitation, as our use

of the subgenera as a framework to subdivide a big genus assumes that the definitions are

robust. We used the morphologically based definitions of Chamberlain et al. (1996) and

Argent (2015), (although Argent did consider molecular research), primarily because they

are comprehensive. Molecular research on the taxonomic structure of Rhododendron lar-

gely supports the morphological taxonomy, except for some sections of Vireya (Zhou et al.

2009; De Keyser et al. 2010; Milne et al. 2010; Kutsev and Karakulov 2011). Molecular

data also supports most sections and some subgenera (some are monophyletic), although

there are different views on the organisation of the sections into subgenera (Goetsch et al.

2005; Zhou et al. 2009; Kron and Powell 2009; Milne et al. 2010; Craven et al. 2011; Tsai

et al. 2012; Yan et al. 2015). However, despite the number of molecular studies, the range

of taxa used is not yet comprehensive enough to entirely confirm or revise the morpho-

logically-based taxonomy, and thus Chamberlain et al. (1996) and Argent (2015) remain

the most complete taxonomies. Research into the taxonomic structure of Rhododendron is

on-going; if a new definition of the subgenera is eventually accepted, our analysis should

be repeated using the new definitions.

The Red List process is the fourth potentially limiting aspect. Analysis of a Red List

assumes the underlying Red List process is robust, and while the process requires quan-

tification of threats, degree of protection, habitat, and extent of population, it can be

difficult to assemble the knowledge in one place at one time for an assessment (Oldfield

2010; Cires et al. 2013). Some weaknesses of the 2011 assessment for Rhododendron were

observed (MacKay 2013; Ma et al. 2014), and several iterations of the assessment may be

needed.

The final possible limitation of this study concerns the New Zealand data. These data

were built-up over a period of time, so it is possible that some accessions are no longer

extant; conversely, there may be further accessions in collections that are yet to be
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identified. Of the 21 collections recorded, the authors have verified some accessions in two

collections; otherwise taxa in the collections have not been verified by the authors.

Conclusions

Rhododendron conservation planning

Analysis of the Red list for subgenera of Rhododendron demonstrates that Hymenanthes,

Vireya and Azaleastrum have the most acute conservation issues. However, because the

latter two subgenera are poorly represented in cultivation, the priority order for ex situ

conservation should be (i) Vireya, (ii) Azaleastrum and (iii) Hymenanthes. Of the next two

subgenera, which are similarly placed for Total Score, Rhododendron has a higher Red List

priority than Tsutsusi; however, it is better represented in cultivation than Tsutsusi, and

thus Tsutsusi takes priority for ex situ conservation (whereas subgenus Rhododendron

would take priority for in situ conservation). Subgenus Pentanthera is the ‘safest’ of the

subgenera, with the lowest rate of conservation issues and the best representation in

cultivation.

This study found 844 Rhododendron taxa, including 400 Red List taxa, to be in culti-

vation. While the percentage of taxa in cultivation has increased since 2012 (BGCI 2012),

our study shows marked variation in the extent to which subgenera are in cultivation, and

that two subgenera (Vireya and Azaleastrum) are very poorly placed. No subgenus meets

the Target 8 requirement of 75 % of Red List taxa in cultivation. Further to this study, we

propose priorities for conservation action and further research:

1. Develop a plan to improve the representation in cultivation of subgenera Vireya and

Azaleastrum. Steps a–d of point 2 may be used to identify priority taxonomic sections

or geographic origins.

2. Undertake further investigation of subgenera Vireya, Azaleastrum, and Hymenanthes,

in this priority order, and with respect to:

a. Red List and ‘in cultivation’ characteristics of the taxonomic sections within each

subgenus, to identify priority sections in each subgenus,

b. Presence of wild-source material in cultivation, thereby assessing the utility for ex

situ conservation of plant material currently in cultivation,

c. Red List and ‘in cultivation’ characteristics of geographical groups within each

subgenus, to identify groups that should have priority for conservation,

d. Identification of collections that hold the largest range of taxa from each subgenus,

and consideration of the number and location of those collections, with a view to

developing at least three globally distinct collection locations for each subgenus,

e. Integration of the above information to develop an ex situ conservation plan for

each subgenus.

3. Undertake further investigation of New Zealand collections, considering the range of

accessions, the presence of wild-source material, and further comparison between

those collections and international holdings (to identify sites or accessions relevant to

an international ex situ strategy).

4. As our Red List assessment is also indicative of the need for in situ conservation, the

same three subgenera should be investigated in the priority order (i) Hymenanthes, (ii)

Vireya, (iii) Azaleastrum. Investigations may include the geographic spread of Red
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List taxa and the extent to which in situ initiatives are in place in relevant countries,

and examination of the three subgenera for any additional factors that may influence

in situ priorities.

5. In due course, the previous recommendations are likely to require international

cooperation and a policy framework, and the plans for each subgenus should be

integrated into a global ex situ conservation plan for Rhododendron. Given possible

limitations on exchange of plant material between countries, some countries may be

constrained to working with taxa already present, while other countries may be able to

accumulate additional accessions and taxa.

A model for conservation planning for big genera

Our use of the subgenus structure of a big genus as a framework, against which Red List

and ‘not in cultivation’ characteristics were analysed, is a method that could be applied to

other big genera. Critical steps would be:

1. Assemble three elements of underpinning data;

• A comprehensive taxonomy,

• A recent Red List assessment,

• Knowledge of ex situ collections,

2. Use a selected criterion to divide the genus into smaller groupings of taxa. We used a

taxonomic criterion and divided according to subgenera; although other major

taxonomic groupings could also be used. Other criteria may also be informative, e.g.

geographic or ethnobotanical groupings.

3. Assess each subgenus for Red List factors (our method uses four), rank subgenera for

those factors, and generate a Red List score,

4. Acquire data on taxa in cultivation, using BGCI as the primary source, and adding data

from relevant botanic gardens and ex situ collections,

5. Assess each subgenus for ‘not in cultivation’ factors (our method uses five), rank

subgenera for those factors, and generate a ‘not in cultivation’ score,

6. Combine the Red List score and ‘not in cultivation’ score to generate a Total Score and

rank subgenera by that score,

7. Propose conservation actions and priorities.

Our two-step analysis can inform all types of conservation: the Red List analysis applies

to both in situ and ex situ conservation, while the ‘not in cultivation’ analysis and Total

Score focuses ex situ conservation on those groups that have a conservation problem but

which are poorly represented in cultivation. Our application of this method to the sub-

genera of Rhododendron has demonstrated that it can identify subgenera that should have

priority for ex situ conservation action.
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Conservation International, Richmond

Tsai C, Chen C, Chou C (2012) DNA barcodes reveal high levels of morphological plasticity among
Rhododendron species (Ericaceae) in Taiwan. Biochem Syst Ecol 40:169–177

Twyford AD, Kidner CA, Ennos RA (2015) Maintenance of species boundaries in a Neotropical radiation of
Begonia. Mol Ecol 24(19):4982–4993. doi:10.1111/mec.13355

Williams S, Jones JPG, Clubbe C, Sharrock S, Gibbons JM (2012) Why are some biodiversity policies
implemented and others ignored? lessons from the uptake of the global strategy for plant conservation
by botanic gardens. Biodivers Conserv 21:175–187

Wyse-Jackson P, Kennedy K (2009) The global strategy for plant conservation: a challenge and opportunity
for the international community. Trends Plant Sci 14(11):578–580

Yan L, Liu J, Moller M, Zhang L, Zhang X, Li D, Gao L (2015) DNA barcoding of Rhododendron
(Ericaceae), the largest Chinese plant genus in biodiversity hotspots of the Himalayan-Hengduan
Mountains. Mol Ecol Res 15:932–944. doi:10.1111/1755-0998.12353

Zhou L, Wan Y, Zhang L (2009) Genetic diversity and relationship of 43 Rhododendron species based on
RAPD analysis. Bot Res J 2(1):1–6

208 Biodivers Conserv (2017) 26:189–208

123

http://elmer.rbge.org.uk/bgbase/livcol/bgbaselivcol.php
http://elmer.rbge.org.uk/bgbase/livcol/bgbaselivcol.php
http://epic.kew.org/searchepic/searchpage.do
http://epic.kew.org/searchepic/searchpage.do
http://dx.doi.org/10.1111/mec.13355
http://dx.doi.org/10.1111/1755-0998.12353

	A model for determining ex situ conservation priorities in big genera is provided by analysis of the subgenera of Rhododendron (Ericaceae)
	Abstract
	Introduction
	Methods
	Results and discussion
	Red List analysis for Rhododendron
	Rhododendron subgenera ‘in cultivation’
	Ex situ conservation priority according to total score
	Priority subgenera: Vireya, Azaleastrum, and Hymenanthes
	Rhododendron collections

	Limitations of this study
	Conclusions
	Rhododendron conservation planning
	A model for conservation planning for big genera

	Acknowledgments
	References




