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ABSTRACT

Background and Aims. The Macaronesian islands represent an excellent crucible

for exploring speciation. This dominantly phenotypic study complements a separate

genotypic study, together designed to identify and circumscribe Platanthera species

(butter�y-orchids) on the Azores, and to determine their geographic origin(s) and

underlying speciation mechanism(s).

Methods. 216 individuals of Platanthera from 30 Azorean localities spanning all nine

Azorean islands were measured for 38 morphological characters, supported by light

and scanning electron microscopy of selected �owers. They are compared through

detailed multivariate and univariate analyses with four widespread continental Euro-

pean relatives in the P. bifolia-chlorantha aggregate, represented by 154 plants from

25 populations, and with the highly misleading original taxonomic descriptions.

Physiographic and ecological data were also recorded for each study population.

Key Results. Despite limited genetic divergence, detailed phenotypic survey reveals

not one or two but three discrete endemic species of Platanthera that are readily

distinguished using several characters, most �oral: P. pollostantha (newly named,

formerly P. micrantha) occupies the widest range of habitats and altitudes and occurs

on all nine islands; P. micrantha (formerly P. azorica) occurs on eight islands but

is restricted to small, scattered populations in laurisilva scrub; the true P. azorica

appears con�ned to a single volcanigenic ridge on the central island of S�ao Jorge.

Conclusions. Although hybridity seems low, the excess of phenotypic over geno-

typic divergence suggests comparatively recent speciation. The most probable of

several credible scenarios is that Azorean Platantheras represent a single migration to

the archipelago of airborne seed from ancestral population(s) located in southwest

Europe rather than North America, originating from within the P. bifolia-chlorantha

aggregate. We hypothesise that an initial anagenetic speciation event, aided by the

founder eVect, was followed by the independent origins of at least one of the two rarer

endemic species from within the �rst-formed endemic species, via a cladogenetic

speciation process that involved radical shifts in �oral development, considerable

phenotypic convergence, and increased mycorrhizal speci�city. The recent amalga-

mation by IUCN of Azorean Platantheras into a single putative species on their Red

List urgently requires overruling, as (a) P. azorica is arguably Europe’s rarest bona

�de orchid species and (b) the almost equally rare P. micrantha is one of the best
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indicators of semi-natural laurisilva habitats remaining on the Azores. Both species

are threatened by habitat destruction and invasive alien plants. These orchids consti-

tute a model system that illustrates the general advantages of circumscribing species

by prioritising �eld-based over herbarium-based morphological approaches.

Subjects Biodiversity, Conservation Biology, Evolutionary Studies, Plant Science, Taxonomy

Keywords Endemism, Evolutionary radiation, Migration, Molecular phylogeny, Monography,

Morphometrics, Orchid, Platanthera, Species circumscription, Speciation

INTRODUCTION
Given that they are situated 1600 km from the closest continental landmass of Iberia,

2000 km from the Atlas Mountains of Morocco and 2300 km from Newfoundland, it is

perhaps not surprising that the nine islands that constitute the Azores archipelago (total

area 2335 km2) support an exceptionally impoverished orchid �ora. Only two orchid

genera are represented on the islands.

Firstly, a unique outlier of the otherwise exclusively Mediterranean tongue-orchids

of the genus Serapias has attracted some attention. Assigned to S. cordigera when �rst

reported from �ve Azorean islands of the central and western groups by Seubert &

Hochstetter (1843) and Seubert (1844), the more widespread species was later segregated

as an Azorean endemic solely on the basis of morphological diVerences that are at best

subtle. This species was initially named S. azorica (Schlechter, 1923), but nomenclatural

complications led to its eventual re-description as S. atlantica, following a thorough

morphometric survey by R¤uckbrodt & R¤uckbrodt (1994). A subsequent study by Delforge

(2003) upheld the endemic status attributed to this species, which has now been recorded

on all Azorean islands but the western group of Corvo and Flores (Sch¤afer, 2002; Silva et al.,

2010; Silva, 2013), though it is said to be in decline (Tyteca & Gathoye, 2012). More recently,

populations of the widespread Mediterranean autogam S. parvi�ora have been found on

the Azorean islands of Terceira and Santa Maria, occupying a North�South-oriented strip

in the western half of the latter island (Silva, 2013). Unfortunately, these Serapias species

have not yet attracted molecular research.

Greater scienti�c attention has been paid to the second of the two Azorean orchid

genera, Platanthera. These butter�y-orchids formed part of the �rst serious botanical

collections made on the islands. Gathered by KCF Hochstetter in 1838, they featured

in a subsequent �oristic list (Seubert & Hochstetter, 1843) and were then rapidly (if

poorly) described in Seubert’s (1844) landmark �ora of the islands. Seubert described

two species, initially assigned (incorrectly) to the genus Habenaria: H. micrantha and

H. longebracteata. When these species were correctly re-assigned to Platanthera

by Schlechter (1920, 1923), nomenclatural rules required renaming of ‘H.’ longe-

bracteata as P. azorica. The epithets micrantha and azorica have since enjoyed com-

mon usage. Unfortunately, re-examination of the original Hochstetter specimens

during the present investigation has shown unequivocally that the holotype pre-

viously viewed as the basis for the morphological species commonly known as
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P. micrantha is in fact attributable to the morphological species commonly known as

P. azorica. The holotype of the species commonly known as P. azorica is in turn attributable

to a new and exceptionally rare species of Platanthera, formally described here for the

�rst time (but previously illustrated by Seubert, 1844). This nomenclatural faux pas

is especially unfortunate as it leaves the most widespread species, previously known as

P. micrantha, lacking a valid epithet. Following with great reluctance the equally regrettable

requirements of the International Code of Nomenclature for Algae, Fungi, and Plants

(ICN: McNeill et al., 2012), this well-known, relatively frequent, minute-�owered species is

here re-described as P. pollostantha, sp. nov.

Thus, it is essential to understand that, throughout the remainder of this text, the

widespread taxon long misidenti�ed (and formerly known) as P. micrantha is correctly

named P. pollostantha and the taxon long misidenti�ed (and formerly known) as P. azorica

is correctly named P. micrantha. The true P. azorica is exceptionally rare and has long been

overlooked by �eldworkers. All three species are undoubtedly endemic to the Azores.

Having �nally cut this long-standing nomenclatural ‘Gordian knot’, it is important

to note three further points: (1) there has been much debate in the literature regarding

whether one species or two species of Platanthera occur on the Azores, (2) the majority

of observers expressing opinions on this matter have not actually visited the islands, and

(3) no previous author has argued that three species of Platanthera occur on the islands,

rather than one or two. Indeed, the recent conservation assessment for IUCN Red Listing

(Rankou, Fay & Bilz, 2011a) controversially treated all Azorean Platantheras as a single

widespread species, P. ‘micrantha’. With this noteworthy exception, and in the absence of

knowledge of the existence of the rarest species, conservation attention has largely focused

on the species of intermediate rarity, P. micrantha (formerly P. azorica) � a species that

our �eld investigations have shown to be a valuable indicator of high-quality semi-natural

vegetation on the islands.

Setting aside taxonomic controversies, these orchids are also of considerable evolution-

ary interest. Firstly, the Azorean Platantheras constitute the only orchid lineage present

in any of the Macaronesian archipelagos that appears to have undergone dichotomous

(cladogenetic) speciation following its arrival on the islands (Bateman et al., in press). Also,

all of the few previous authors who have speculated on the likely origin of the continental

migrant(s) that are assumed to have established the genus on the Azores have favoured an

origin from North America and/or the Palearctic rather than from Iberia or North Africa

(e.g., Delforge, 2003).

Recent papers presented DNA evidence from nuclear ribosomal Internal Transcribed

Spacer (ITS) sequences that the Azorean butter�y-orchids are correctly assigned to

Platanthera rather than Habenaria, clearly placing them within the P. bifolia-chlorantha

group that is the sole representative of the genus in southern and central continental

Europe (Bateman et al., 2009; Bateman, James & Rudall, 2012). Thus, an origin of the

lineage from North America rather than from Europe or North Africa can be con�dently

rejected. Further molecular data are featured in a companion paper to the present work;

comparison by Bateman et al. (in press) of nrITS and plastid microsatellite data from
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Azorean and European plus North African species of the P. bifolia-chlorantha aggregate

suggests (albeit equivocally) that the Azorean lineage represents a single migration of

seed to the archipelago from a mainland European population within the aggregate,

followed by a modest radiation of the immigrant lineage on the islands into three endemic

species. Moreover, ITS data derived from the fungal symbionts of the plants indicate that

mycorrhizal specialisation played a role in these speciation events (Bateman et al., in press).

The present paper focuses on the results of a detailed and intensive �eld-based

morphometric survey of populations distributed across the nine islands, considered in

the context of both the molecular data and a historical and herbarium-based review. We

use this ‘integrated monograph’ to address the following questions:

(1) Can we con�rm that not one or two but rather three bona �de biological species of

Platanthera occur on the Azores?

(2) Can the nomenclatural puzzles long surrounding their Linnean epithets �nally be fully

explained, and both satisfactorily and legally resolved?

(3) Do morphological characters exist that are capable of reliably distinguishing among

these species and separating them from their continental relatives?

(4) What is the frequency of hybridisation between these species?

(5) What are their habitat preferences and biogeographic distributions?

(6) Which mechanisms are implicated in their respective speciation events?

(7) Can we further clarify their relationships?

(8) What are the major threats to, and most appropriate conservation status for, each

re-circumscribed species?

We also compare the broader implications of this study for pursuing �eld-based versus

herbarium-based approaches to taxonomic revision.

MATERIALS AND METHODS

Field sampling

In total, seven species of Platanthera were sampled: three from the Azores (Figs. 1�6) and

four from mainland Eurasia (Figs. 7�10). Of the 21 colonies of Platanthera in southern

England visited by RB and PR during May�June 2003 and/or 2004 that contained �owering

plants capable of yielding useful data, 11 contained P. chlorantha only (Fig. 10), eight

contained P. bifolia only (Fig. 9), and two contained both species. Small numbers of

putative hybrid plants were also found in both of the mixed colonies (Bateman, James

& Rudall, 2012). For the smaller colonies, all �owering plants in suitable condition were

measured (six sites yielded only one measurable plant). In larger colonies, individual

plants were selected to adequately represent the range of phenotypic variation and

habitat occupancy evident at the locality. In total, measurements were taken from 139

plants: 79 individuals of P. chlorantha, 55 individuals of P. bifolia and �ve putative hybrids

between these species. Information describing the 21 sampled localities was summarised in

appendices 1 and 2 of Bateman, James & Rudall (2012).
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Figure 1 Azorean Platanthera populations sampled for morphometric analyses during the present

study. (A) shows the relative geographic positions of the three island groups, (B) western group, (C)

central group, (D) eastern group. Populations shown in red are P. pollostantha only, populations in green

are P. micrantha only, populations in yellow mix P. pollostantha and P. micrantha, populations in blue

mix P. pollostantha and P. azorica. Base maps: (A) from Fig. 1B of Sch¤afer et al. (2011), (B�D) base images

courtesy of GoogleEarth. Scale bar D 25 km.
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Figure 2 Classic habitats of the Azorean Platanthera species. (A) Brejos Plateau, Pico (ca 790 m:

P. pollostantha, P. micrantha). (B) Caldera, Faial (ca 890 m, crater bottom 570 m: P. pollostantha,

P. micrantha). Images: P Rudall.
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Figure 3 Habitats of the Azorean Platanthera species (continued). (A) Alpine grassland panorama

looking eastwards from Pico da Esperança, S�ao Jorge (ca 1080 m: P. pollostantha, P. micrantha, P. azorica).

(B) Alpine heathland near Capit�ao, Pico (ca 1000 m: P. pollostantha). (C) Alpine phenotype of P. pol-

lostantha growing at the locality shown in (B). (D) Typical mid-altitude laurisilva habitat supporting both

P. pollostantha and P. micrantha at Cabeço da Rocha, Pico. (E) Highly invasive Hedychium gardnerianum

choking P. pollostantha at Pico Alto, Santa Maria. Images: (A) D R Poot, (D) D P Rudall, remainder D

R Bateman.
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Figure 4 Plants and �owers of P. pollostantha. (A, B) Entire plant and in�orescence. (C, D) Perpendic-

ular and lateral views of �owers. (E) Old (left) and new (right) tubers. (A, B) from Bica, Pico, (C�E) from

Lagoa do Canario, S�ao Miguel. Scale bar for (C, D) D 5 mm. Images: R Bateman.
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Figure 5 Plants and �owers ofP. micrantha. (A, B) Entire plant and in�orescence. (C, D) Perpendicular
and lateral views of �owers. (A, D) from Brejos, Pico (Fig. 2A), (B, C) from Pico Pinheiro, S̃ao Jorge. Scale
bar for (C, D)D 5 mm. Images: R Bateman.
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