Lankesteriana
ISSN: 1409-3871

|
]‘ANKES’FERL%A Lankester Botanical Garden, University of Costa Rica

IBTENREATIGR AL JOUEKAL OK ECHIGOLOET

Pedersen, Henrik £.; Find, Jens i.; Petersen, Gitte; seberG, Ole
On the “seidenfaden collection” and the multiple roles botanical gardens can play in orchid conservation
Lankesteriana, vol. 18, no. 1, 2018, January-April, pp. 1-12
Lankester Botanical Garden, University of Costa Rica

DOI: 10.15517/lank.v18i1.32587

Available in: http://www.redalyc.org/articulo.oa?id=44355536001

2 s
How to cite %f@&&‘yC.@ g
Complete issue Scientific Information System Redalyc
More information about this article Network of Scientific Journals from Latin America and the Caribbean, Spain and
Portugal

Journal's webpage in redalyc.org
Project academic non-profit, developed under the open access initiative


http://www.redalyc.org/comocitar.oa?id=44355536001
http://www.redalyc.org/fasciculo.oa?id=443&numero=55536
http://www.redalyc.org/articulo.oa?id=44355536001
http://www.redalyc.org/revista.oa?id=443
http://www.redalyc.org
http://www.redalyc.org/revista.oa?id=443
http://www.redalyc.org/articulo.oa?id=44355536001

LANKESTERIANA 18(1): 1-12. 2018.

ON THE “SEIDENFADEN COLLECTION” AND THE MULTIPLE ROLES
BOTANICAL GARDENS CAN PLAY IN ORCHID CONSERVATION
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ABsTRACT. Using the “Seidenfaden collection” in Copenhagen as an example, we address the common view that
botanical garden collections of orchids are important for conservation. Seidenfaden collected live orchids all over
Thailand from 1957 to 1983 and created a traditional collection for taxonomic research, characterized by high
taxonomic diversity and low intraspecific variation. Following an extended period of partial neglect, we managed
to set up a five-year project aimed at expanding the collection with a continued focus on taxonomic diversity,
but widening the geographic scope to tropical Asia. Since its establishment, the collection has contributed
significantly to ex situ conservation and to research-based development of powerful tools for improving in
situ conservation-related decisions and priorities. The collection has been, and still is, an important basis for
taxonomic and floristic research which has enabled treatment of the Orchidaceae in the Thai red-list. However,
the primary focus of our project has shifted to micro-propagation, DNA-barcoding and phylogenetic analysis.
The close link between collection-based research and conservation is remarkable and probably applicable to
plant collections in botanical gardens in general. Thus, if the collections are managed and used properly, they
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have great potential for contributing to conservation in many different ways.

KEey worps: DNA barcoding, gene banks, Orchidaceae, phylogenetics, public education, red-lists

According to the GardenSearch database (www.
bgci/garden_search.php; accessed 30 January 2018)
more than 3400 botanical gardens currently exist,
distributed among c. 150 countries. Clearly, the vast
majority of botanical gardens grow a certain number of
orchid species, a significant proportion have collection
sections entirely devoted to orchids, and some of the
special orchid collections are more than century-old
— for example those in Kew (Stewart 1992), Leiden
(Schuiteman & de Vogel 1999) and Copenhagen
(Sterll 2002). This is no coincidence, as botanical
garden collections of orchids are indispensable for
research (Schuiteman & de Vogel 1999). During
expeditions in the wet tropics, more than 80% of the
orchid species are found without flowers, but if live
plants are taken into cultivation, they can be identified
and important parts can be preserved when they
bloom. Besides, living collections offer excellent

opportunities for experimental studies of biology. For
more than a century, these obvious advantages have
underlain the establishment of orchid collections in
botanical gardens. Consequently, the vast majority of
such collections contain high taxonomic diversity, but
limited intraspecific genetic diversity.

Gunnar Seidenfaden, Danish pioneering explorer
of the Thai orchid flora (Friis 2002, Pedersen, Watthana
& Srimuang 2009, Rasmussen 2010), recognized
the scientific potential and necessity of living orchid
collections already in the mid-1950s, when he was
appointed Denmark’s first ambassador to Thailand.
At the Royal Forest Department in Bangkok he met
the young Thai botanist Tem Smitinand, and they
soon started a long-lasting collaboration collecting
and studying Thai orchids. Initially, their accessions
were cultivated in the embassy compound, but they
were transferred to the Botanical Garden, University
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FiGURE 1. The Seidenfaden collection anno 2014 — accommodated in a modern greenhouse donated by the Augustinus
Foundation in 2000. Photo by H. &. Pedersen.

s

of Copenhagen, around 1959 when Seidenfaden was
posted to Moscow as Danish ambassador to the Soviet
Union. Upon his return to Denmark in 1961, he was able
to resume expedition activities during recurrent visits
to Thailand. Consequently, the living collection kept
growing until Seidenfaden’s last expedition in 1983.

At this time, the collection in Copenhagen was
larger than any other collection of Thai orchids, and
five years later it still had about 3000 individual
plants (Sterll & Rasmussen 1988); regrettably, it is
unclear how many species were represented. Due to
unfortunate circumstances, the collection was not
properly maintained for several years from c. 1970
onwards, and periodical lack of a specialist orchid
gardener to look after the plants added to the problems.
An annual loss of ¢. 5% of the individual plants is not
unusual even in the best managed orchid collections;
but the mortality rate in the Seidenfaden collection
was significantly higher in the most critical periods,
and quite a number of species were lost completely.

In August 2000, the orchid collection was moved
to a state-of-the-art greenhouse donated by the
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Augustinus Foundation (Pedersen 2004) (Fig. 1).
A few years later, a gardener with special interest in
orchid cultivation was transferred to the collection,
and the automated shading and watering facilities
were optimized, making the remaining plants (c. 750
accessions representing c¢. 240 species) gradually
recover. Besides, a tissue culture laboratory and a
DNA laboratory that became available to the Botanical
Garden offered interesting new possibilities for
cultivation and research based on the collection. To
further strengthen the living collection and to utilize
the new technical opportunities, we conducted a five-
year combined research and conservation project:
“Seidenfaden’s Orchids — from Conventional Study
Collection to Modern Research Facility and Gene
Bank” (March 2012—February 2017).

Botanical garden collections of orchids are often
emphasized as being of importance for conservation
(e.g. Koopowitz 2001, Schuiteman & de Vogel 1999,
Swarts & Dixon 2009, Tasker 1989), and the need for
ex situ conservation increases parallel to increasing
threats (e.g. habitat destruction, over-collection and
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global warming; Koopowitz 2013, Seaton, Hu, Perner
& Pritchard 2010, Wyse Jackson & Sutherland 2013).
However, the limited intraspecific genetic variation in
traditional collections may clearly represent a serious
limitation of the extent to which propagated plants
from these can potentially be used for genetically
sustainable recovery programmes in the wild. If this
is the case, it raises the question whether traditional
collections are useful at all in recovery contexts? A few
other questions also seem relevant: Is plant material
properly shared with sister collections to secure long-
term ex situ conservation? Do gene banks of seeds
and tissue cultures have a role to play? Do traditional
collections contribute to conservation in any other
way? In this paper, we will address these questions,
using the “Seidenfaden collection” in Copenhagen as
an example.

Development and characteristics of the Seidenfaden
collection. Seidenfaden aimed at establishing a living
study collection for morphology-based taxonomic and
floristic research. This strategy is clearly reflected in the
composition of the collection which is characterized
primarily by high diversity at genus and species level
and secondarily by many species being represented by
a few clones of different provenance. In other words,
it was established as a traditional botanical garden
collection, though with a narrow geographic focus.
Besides providing an ideal resource for taxonomic
studies, the high diversity at genus and species level
made the collection very well suited for comparative
morphological, ontogenetic and biological studies,
including experimental hybridization (e.g. Andersen,
Johansen, Lund, Rasmussen, Rasmussen & Serensen
1988, Johansen 1990, 1993, Rasmussen 1982).
Throughout Seidenfaden’s era, accession was very
strongly focused on properly documented, wild-
collected material from Thailand. However, the
enforcement of national and international regulations,
partly as a consequence of CITES (www.cites.org) and
the Convention on Biological Diversity (www.cbd.int),
made it increasingly difficult to add to the collection in
this manner.

In our recent project,
collection, supplemented with the relatively few other
tropical Asian orchid species in the Botanical Garden,
was further developed with a continued focus on

Seidenfaden’s original

maximizing primarily its taxonomic diversity and
secondarily the number of provenances of each species.
However, right from the start we had to realize that it
would be impossible to obtain additional wild-collected
adult plants from Thailand. Instead, we decided to
concentrate our effort on two other options: (1) donations
of plant material from other European botanical gardens
and, in special cases, from private orchid growers; (2)
donations of seeds from Queen Sirikit Botanic Garden
(QSBG) for asymbiotic germination and subsequent
transfer of juvenile plants to the greenhouse. Wild-
collected Thai orchids are rare in all other European
botanical gardens, and whereas amateur collections
often contain many orchid species known to occur in
Thailand the plants are usually of unknown provenance.
Partly as a consequence of our limited possibilities to
obtain new plants of Thai provenance, we broadened
the scope of the collection to represent tropical Asian
orchids in general. However, for scientific reasons we
particularly had in view to increase the holdings of
(1) Thai orchids, (2) the genus Dendrochilum Blume,
which is exceptionally rich in narrow endemics, and
(3) endemic taxa in general. The majority of new
accessions were of well-documented provenance, but
occasional exceptions were accepted for material of rare
endemic species. During the project, we received 244
new accessions (228 adult plants, 16 seed samples) —
mainly from Hortus Botanicus (Leiden), Royal Botanic
Gardens (Kew), QSBG (Chiang Mai), Malcolm Perry
(Bristol) and Richard C. Warren (Barnard Castle). Of
the 16 seed samples, only seven germinated sufficiently
well to result in new adult plants for the greenhouse.
In total, new plants for the greenhouse represented c.
150 species, most of which did not already exist in the
collection.

In conclusion, the living collection of tropical Asian
orchids in Copenhagen remains primarily targeted
on taxonomic diversity. This makes the collection
very well suited for systematic and a wide range of
biological studies. The long history of the collection
makes it probable that it contains genotypes from wild
populations that are now extinct.

From collections to red-listing. Largely by sampling
his living collection, as the plants came into flower,
Seidenfaden gradually built a comprehensive spirit
collection. After his death in 2001 the spirit collection,
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consisting of more than 11,000 vials, was transferred
to the Botanical Museum in Copenhagen (now part of
the Natural History Museum of Denmark).

During his career as orchidologist, Seidenfaden
conducted two complete revisions of the Thai orchid
flora — the first in collaboration with Tem Smitinand
(Seidenfaden & Smitinand 1959-1965), the last on his
own (Seidenfaden 1975-1980, 1982-1988). In both
cases, the taxonomic and floristic research relied to
a wide extent on examination of the spirit samples,
combined with observations made in the living
collection (Pedersen et al. 2009, Rasmussen 2010).

Exploration of the Thai orchid flora (and of the
Thai flora in general) started late, implying that
the knowledge of species diversity and distribution
patterns remained fragmentary until modern time. For
example, Williams (1904-1905) included just c. 100
orchid species in his “Liste des Plantes Connues du
Siam”. Arthur F. G. Kerr, who lived in Thailand from
1902 to 1932, made more than 2000 orchid collections
(Parnell et al. 2015), but published very little on
the orchid flora (Jacobs 1962). Indeed, the book of
Seidenfaden & Smitinand (1959-1965) marked the
beginning of serious exploration of the Thai orchid
flora (documenting 771 identified and 87 unidentified
species), and Seidenfaden’s later revision increased the
number of known species to c. 1200.

The highly improved knowledge of the overall
diversity and composition of the Thai orchid flora and
the identity, distribution and frequency of individual
species — mainly achieved through Seidenfaden’s
monumental contribution — created the necessary basis
for a reasonably complete and sound treatment of the
Orchidaceae in the first national Thai red-list (Santisuk,
Chayamarit, Pooma & Suddee 20006).

By definition,
surveys of national floras always represent a point
in time and can never be perfect; species disperse,
populations  disappear, field exploration
previously overlooked occurrences, and new species
are recognized while others are rejected as being
taxonomically unwarranted. Consequently, continued
taxonomic and floristic research is needed for
improving the red-lists and keeping them up-to-date.
A third complete revision of the Thai orchid flora is
now being conducted as part of the Flora of Thailand
project; two of six planned instalments have already

taxonomic and distributional

reveals
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been published (Pedersen, Kurzweil, Suddee & Cribb
2011, Pedersen et al. 2014). A comparison of the Flora
of Thailand account on the Orchidoideae (Pedersen
et al. 2011) with the two previous revisions of this
subfamily has amply demonstrated the usefulness of
revising the Thai orchid flora repeatedly (Pedersen
2013). The three revisions done during half a century
exhibited a progressive increase in the net number
of taxa accepted, and the total number of changes
was even higher, as additions and exclusions partly
neutralized each other.

Although the current orchid studies for Flora
of Thailand depend less on the living collection in
Copenhagen for solving taxonomic problems, the live
plants still provide an important resource for checking
and completing species descriptions — especially
concerning colours, leaf texture, flowering mode
and floral scent. Surprisingly, it also still happens
that new national records for Thailand are revealed
among Seidenfaden’s old plants; the latest examples
are Liparis vestita Rchb.f. (Tetsana, Pedersn & Sridith
2013) and Coelogyne lawrenceana Rolfe (Pedersen et
al. 2014) (Fig. 2).

DNA barcoding. The concept of DNA barcoding as
identification tool was formalized around 2000 (e.g.
Hebert, Cywinska, Ball & deWard 2003), and rapid
development of formal international collaboration
(covering all organismal kingdoms) resulted in
establishment of the Consortium for the Barcode of
Life (CBOL) in May 2004. However, using only one
barcode for all life was soon shown to be unrealistic.
As far as land plants are concerned, a core-barcode
consisting of portions of two coding chloroplast
regions, matK and rbcL, was recommended (CBOL
Plant Working Group 2009). Subsequent studies
targeted on taxonomically or geographically defined
groups of orchids have indicated that other molecular
markers offer better resolution (e.g. Kim, Oh,
Bhandari, Kim & Park 2014, Xiang, Hu & Jin 2011),
but these studies have ignored the advantages of a
broadly applied consensus barcode.

For a few decades, the living orchid collection in
Copenhagen has served as a useful source of tissue
samples for DNA analysis. Until recently, the sampling
was very much ad hoc and usually prompted by requests
from foreign researchers who needed additional
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FiGure 2. The two latest examples of new national records for Thailand revealed in Seidenfaden’s living collection; both

species are obvious candidates for inclusion in the next edition of the national Thai red-list. A. Liparis vestita Rchb.f.
— in Thailand only known from Amphoe Rong Kwang in Phrae and from two sites in Khao Yai National Park (Nakhon
Nayok, Prachin Buri). B. Coelogyne lawrenceana Rolfe — in Thailand only known through a single plant collected on
Doi Inthanon (Chiang Mai) in 1978. Photos by H. Z. Pedersen.

samples for their phylogenetic studies. However,
sampling was standardized considerably in our recent
project, as we decided to DNA barcode as many of
the identified species as funding would allow. For
this purpose, we adopted the officially recommended
core-barcode for land plants, supplemented by ITS. We
sampled a total of 131 species from the collection, and
the prepared barcodes will be made publicly available
as soon as possible.

Establishment of a vouchered reference collection
of barcode data, such as the Barcode of Life Data
Systems (BOLD), is a prerequisite for consistent
applications of DNA barcoding. Admittedly, the
potential and resolution power of the new technique
have been questioned by a number of authors (e.g.

Seberg & Petersen 2009, Taylor & Harris 2012), but
if used with care, DNA barcoding is a cheap, quick
and sufficiently reliable technique for many purposes.
In a conservation context, as reviewed by Krishna
Krishnamurthy & Francis (2012), DNA barcodes
can provide information for the use of different
stakeholders. For example, they may offer quicker
species identification, help to pinpoint groups of
species complexes in need of in-depth studies, and may
empower policy makers to take the most appropriate
conservation measures.

We primarily envisage two useful purposes
for the future use of our barcode data: (1) as a tool
enabling customs authorities to identify even non-
flowering orchids and thus reveal their CITES status

LANKESTERIANA 18(1). 2018. © Universidad de Costa Rica, 2018.
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and whether the claimed geographic origin of the
plants is plausible; (2) as a tool for virtually non-
destructive inventories and comparisons of species
diversity of orchids in selected nature areas, thus
facilitating quick and qualified conservation priorities
to be made without any need to observe the plants in
bloom. Both options would require our data to be used
in conjunction with additional reference data provided
by other researchers, but building a reference library
of barcodes is the necessary first step towards more
general use.

Phylogenetic studies. Whereas the core-barcode
itself is mainly suited for species identification, DNA
extractions offer a rich and readily accessible source
of material for additional DNA sequencing that can
be used for in-depth phylogenetic studies of selected
taxa or in genomics. This opportunity was also utilized
in our recent project. Thus, in collaboration with
colleagues abroad (and partly based on comprehensive
sampling in the Copenhagen collection), we made a
phylogenetic reconstruction of subtribe Eriinae (Ng
et al. 2018), and a similar study of the large genus
Dendrochilum is underway (Pedersen ef al., in prep.).

Species diversity is by far the most commonly used
measure of biodiversity, but Vane-Wright, Humphries
& Williams (1991) proposed “phylogenetic diversity”,
a measure based on evolutionary relationships
between species, as an additional parameter for setting
conservation priorities (see also Mace, Gittleman &
Purvis 2003). Although the relevance and applicability
of this measure is in need of further clarification
(Winter, Devictor & Schweiger 2012), phylogenies
offer an interesting alternative biodiversity measure
that is largely resistant to taxonomic inflation (e.g.
Pillon, Fay, Shipunov & Chase 2006).

Gene banking and micro-propagation. Notwith-
standing the value of traditional botanical garden
collections, such collections can only have a
few individuals species (e.g.
2016). Consequently, is a pressing need
for supplementary, less space-demanding ex situ
conservation facilities such as seed banks and in vitro

of each Justice

there

gene banks (e.g. Ramsay & Dixon 2003, Seaton et al.
2010, Seaton & Pritchard 2003).
In vitro recalcitrance (the inability of plant cells

LANKESTERIANA 18(1). 2018. © Universidad de Costa Rica, 2018.

and tissue to respond to manipulations in vitro) can
be a major limiting factor for conservation initiatives
(Sarasan 2011), and mature seeds of many orchid
species are recalcitrant (e.g. Butcher & Marlow
1989). This problem can be addressed either by
developing techniques to break the recalcitrance or
by using immature seeds. The latter option usually
implies asymbiotic germination, but
immature seeds in a suitable stage are only available
in a short time-window, as efficient and broadly
applicable preservation techniques have not yet been
developed (Sarasan 2011). Even the viability of
mature seeds stored at cool or temperate conditions
deteriorates gradually over time, but techniques for
cryopreservation in nitrogen vapour (-156°C) are
within reach for mature orchid seeds and have already
been implemented for a number of species (e.g. Hicks
2002, Thammasiri 2013). Cryopreservation can also be
applied to tissue cultures to circumvent the potential
problem of somaclonal variation.

Plant tissue culture under sterile conditions
provides a technique for clonal propagation of plants
from small amounts of vegetative tissue such as stem
and shoot meristems and leaf fragments (e.g. Stewart
1989). In cases of self-incompatibility combined with
lack of suitable genotypes for cross-pollination, in
cases of strongly recalcitrant seeds etc., clonal tissue
culture can be the only choice for micro-propagation.
This technique normally increases the number of plants
more quickly than could be done through division of
adult plants.

Based on the Copenhagen collection of tropical
Asian orchids, supplemented by seeds received from
QSBG, we made a research-based effort at germinating
orchid seeds asymbiotically (Fig. 3), and we used the
resulting tissue cultures to establish an in vitro gene
bank. We particularly aimed at developing techniques
for breaking the recalcitrance of mature seeds, although
immature seeds were occasionally applied. We also
developed techniques for successful clonal propagation
of species of Bulbophyllum Thouars and Dendrobium
Sw. (Fig. 4). Altogether, we established an in vitro
gene bank comprising cultures of 26 species (Table
1) — including seven that are endemic to Thailand or
the Philippines and 16 that are included in the latest
edition of the national Thai red-list (Chamchumroon,
Suphuntee, Tetsana, Poopath & Tanikkool 2017). Gene

successful
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FiGure 3. Plantlets of Sirindhornia pulchella H. A. Pedersen & Indham. grown from asymbiotically germinated seeds. This
species is considered endemic to Doi Chiang Dao in the northern Thai province of Chiang Mai, and it is classified as
endangered (EN) in the national Thai red-list. Photo by J. I. Find.
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FiGure 4. Plantlets of the rare Dendrobium chrysanthum
Lindl. grown asymbiotically from vegetative explants.
This was one of the first nationally red-listed species
for which we were able to offer our Thai counterparts
mass-propagated material for preparation of a recovery
project in the wild. Photo by J. I. Find.

banking through cryopreservation was not part of our
project. However, we did use subsets of most seed
samples for development of suitable cryo-techniques,
and the established in vitro gene bank provides a solid
basis for potentially using cryopreservation in the
future.

Sharing of material. Ex situ collections ensure
conservation of a high number of species — and often
for a very long period when combined with in vitro
techniques and cryopreservation. Still, the individual
collections are vulnerable to local threats such as virus
attacks, failing heating systems, shortage of (qualified)
staff etc. Therefore, it is crucial that material of rare
and narrowly endemic species is propagated and
shared with other scientific collections to the widest
possible extent allowed under international legislation.
Though not impossible, one has to realize that the
implementation of the Nagoya-protocol (www.cbd.int/
abs/) is going to complicate such exchanges, at least
for all material collected after October 12th, 2014.

For years, the orchid collection in Copenhagen has
been involved in exchange of material with a number
of botanical gardens in Europe; and a subset of the first
asymbiotically propagated plants of Thai orchids was
donated to QSBG in 2016 (Table 1).

LANKESTERIANA 18(1). 2018. © Universidad de Costa Rica, 2018.
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TaBLE 1. Survey of the 26 orchid species that we established in the in vitro gene bank of the Botanical Garden in Copenhagen.
For each species is indicated whether it is endemic to a single country, and for those occurring in Thailand the current
national conservation status in that country is indicated according to Chamchumroon et al. (2017) (EN = endangered,
R =rare, VU = vulnerable). Finally, it is indicated how many plantlets of each species we donated to QSBG in 2016.

Species Endemic? Status in Plantlets
Thailand to QSBG

Acriopsis liliifolia (J.Koenig) Seidenf. - - -
Bletilla foliosa (King & Pantl.) Tang & F.T.Wang - VU -
aBulbophyllum brevistylidium Seidenf. Thailand - 55
Bulbophyllum nesiotes Seidenf. Thailand EN 7
Bulbophyllum peninsulare Seidenf. Thailand VU -
Bulbophyllum propinquum Kraenzl. - VU 3
Bulbophyllum smitinandii Seidenf. & Thorut - VU -
Coelogyne lawrenceana Rolfe - - -
Dendrobium chrysanthum Wall. ex Lindl. B R 75
Dendrobium devonianum Paxton - R 78
Dendrobium friedericksianum Rchb.f. - VU -
Dendrobium jenkinsii Wall. ex Lindl. - R -
Dendrobium sulcatum Lindl. - R 6
Dendrobium wardianum R.Warner - R 9
Dendrochilum diabloviride Cootes & R.Boos Philippines n/a -
Dendrochilum filiforme Lindl. Philippines n/a -
Dendrochilum glumaceum Lindl. - n/a -
Epipactis flava Seidenf. - EN -
Grammatophyllum speciosum Blume - VU -
Liparis sp. ? - -
Liparis viridiflora (Blume) Lindl. - - -
Odontochilus elwesii C.B.Clarke ex Hook.f. - - -
Odontochilus lanceolatus (Lindl.) Blume - - -
Sirindhornia mirabilis H.A.Pedersen & Suksathan Thailand EN -
Sirindhornia pulchella H.A.Pedersen & Indham. Thailand EN -
Trichoglottis triflora (Guillaumin) Garay & Seidenf. - VU -

2 By some authors treated as synonym of the non-endemic Bulbophyllum longerepens Ridl.

Recovery programmes. The ultimate success of ex
situ conservation activities would be if propagated
plants could be used for genetically sustainable
recovery programmes in the wild — preferably
integrated in ambitious ecological restoration projects
(e.g. Hardwick et al. 2011, Miller, Lowry II, Aronson,
Blackmore, Havens & Maschinski 2016). It is
frequently argued that for ex situ collections to be of use
in such programmes, the plants must be of known wild
origin and possess a genetic diversity representative of
one or more wild populations (cf. Rae 2011).

While being well documented, the collection

LANKESTERIANA 18(1). 2018. © Universidad de Costa Rica, 2018.

of orchids in Copenhagen does not fulfil the latter
criterion — a deficiency shared with the vast majority
of other scientific orchid collections. Although the
great diversity of breeding systems and widely
divergentlevels of genetic diversity among individual
orchid species (e.g. Phillips, Dixon & Peakall 2012,
Tremblay, Ackerman, Zimmerman & Calvo 2005)
should always be borne in mind, it is evident that, in
most cases, propagated plants from collections will
be inadequate for genetically sustainable recovery of
natural populations. However, as stressed by Pence
(2011), they can be used to test the suitability of
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habitats and microhabitats in preparation of recovery
programmes. Such experiments should be performed
following detailed autecological field studies of
wild populations (e.g. Watthana & Pedersen 2008),
and also niche modelling and genetic screening
of natural populations are useful tools. Due to
the need for collecting comprehensive material
for propagation purposes, recovery programmes
normally have to be conducted on a national basis
(e.g. Pedersen 2010). For detailed recommendations
on plant reintroduction programmes in general, see
Godefroid et al. (2011).

Among the material that we donated to QSBG
in 2016, the plantlets of Dendrobium chrysanthum
Lindl. (Fig. 4) and D. devonianum Paxton were so
numerous that QSBG intends to use some of them for
field experiments in preparation of reintroduction (or
reinforcement) programmes.

Education and public outreach. Light, Kell &
Wyse Jackson (2003), Rae (2011) and Wyse Jackson
& Sutherland (2013) highlighted training, public
outreach and schools education as some of the
foremost roles botanical gardens and their collections
could play in a conservation context. Furthermore,
Williams, Jones, Gibbons & Clubbe (2015) provided
quantitative evidence suggesting that botanical
gardens can indeed positively influence visitors’
environmental attitudes.

Material from the recently expanded orchid
collection in Copenhagen was used in the university
course Plant-Animal Interactions in 2014 and 2015,
and our project in its entirety was presented as case in
the course International Nature Conservation in 2015.
In connection with the donation of tissue cultures to
QSBG in June 2016, we made a press release (“Rare
orchids return to Thailand”), the content of which
found its way to at least 25 media. The project and the
collection were presented to a large and broad selection
of public visitors in connection with the annual
“Botanical Garden’s Day” in Copenhagen during
2012-2015. In addition, we continuously updated the
Botanical Garden’s permanent guides on the progress
of our project and thus enabled them to explain to the
public why the collection is internationally important
in a conservation context. The guides now provide
qualified information on the orchid collection and its

conservation-related importance during almost all the
c. 80 guided tours of the Botanical Garden that are
booked every year.

Conclusions and perspectives. Any sound conservation
contribution rooted in a botanical garden collection rests
on a base of good horticultural practice and succession
of staff (securing long-term survival and propagation of
the plants) as well as continuity of qualified scientific
input (securing accurate identifications and a well
thought-out accession policy). As outlined above, the
Seidenfaden collection has contributed significantly to
ex situ conservation and to research-based development
of powerful tools for improving in situ conservation
decisions and priorities. Its contributions have been
continuous and diverse, and have changed over time.
Its original role as a collection for taxonomic and
floristic studies could be fulfilled with hardly any other
means than the collection itself, vials with spirit and a
low-power binocular microscope. In contrast, most of
the new initiatives — such as DNA barcoding, DNA-
based phylogenetic studies, in vitro propagation etc.
— mainly utilize the collection as a source of material
for laboratory use. Periods of intensive research have
implied increased external funding and/or increased
international collaboration, both of which have boosted
the conservation-related contributions.

We find it obvious to assume that the overall
importance and dynamics exhibited by the
Seidenfaden collection represent the role of active
botanical garden collections in general: increased
scientific research generates increased contributions
to conservation. Thus, if the traditional collections
of, e.g., live orchids are assigned scientific attention,
they have great opportunities for contributing to
conservation (see also Delmas, Larpin & Haevermans
2011, Pedersen 2010, Swarts & Dixon 2009). Some
collection-based contributions are as conventional as
making the collections themselves in the field, while
others are much more high-tech. As time progresses,
contributions from DNA barcoding (providing new
identification and inventory tools), phylogenies (for
improved conservation priorities), cryopreservation
(for millennium-long ex situ conservation) and large-
scale micro-propagation (in preparation of recovery
programmes) may all become important routine
contributions. Living collections also have an important
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role for upcoming techniques that are nowhere near
showing their full potential, like genomics.

All in all, botanical gardens offer more diverse
contributions to conservation of orchids (and other
species) than commonly recognized — see also
Donaldson (2009). However, any potential contribution
ultimately depends on access to scientifically well-
curated plant material and continuous qualified nursing
of individual plants — conditions that require a targeted
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