FLORIDA INTERNATIONAL UNIVERSITY

Miami, Florida

AIPHANES MINIMA(GAERTN.) BURRET (ARECACEAE): A MORPHOLOGICAL

ANALYSIS OF THE LESSER ANTILLEAN SPECIES COMPLEX

A thesis submitted in partial fulfillment of the
requirements for the degree of
MASTER OF SCIENCE
in
Biology
by

Karen Marie Laubengayer

2008



DEDICATION
This thesis is dedicated to my parents, JE and \Alibengayer. Your belief that |
can do anything, your kind and supporting wordsl, ywur dedication to always helping
me take the next step have made this possible. ¥amrifices and patience have not gone

unnoticed. Thanks for seeing me through to thecénbis.



ACKNOWLEDGMENTS

I would like to recognize my committee members:.Denny Richards, Javier
Francisco-Ortega and Scott Zona. Dr. Jenny Rich&ndg words of support and
foresight, and working knowledge of statistics wespecially appreciated in moments
where the task at hand seemed less than possibléawder Francisco-Ortega provided
constructive criticism which fueled my ambitionaocomplish this professional piece of
work. Lastly, a great deal of gratitude is owedto Scott Zona, who was supportive in
every step of this endeavor, from allocating fundentoring me in the field, and
encouraging me to the completion of this project.

Thanks to the members of Fairchild Tropical Bota@arden’s Center for
Tropical Plant Conservation for letting me usethesources and for their family-like
support system. Special thanks to Drs. Jack Fesh@day Horn for their confidence in
me and educational support. Special thanks isdalsdo Lynka Woodbury for assistance
with many prickly and bulky herbarium specimens.

My field studies were accomplished efficiently thario the generous financial
support from the following: Central Florida Palmdaycad Society, Fairchild Tropical
Botanic Garden, Florida International Universitye tJudith Evans Parker Scholarship,
the Loyd Kelly Travel Scholarship, Montgomery Batat Center, and the South Florida
Palm Society.

| wish to thank Dr. Paulette Johnson and Andreaf®déregory de la Begassiere,
and Dr. Tom Beasely for their technical assistanc#atistical analyses, creation of

maps, and assistance in SEM, respectively. | vasitknowledge Lynne Rittenberg for



assisting me on one of my collection trips. Al$@riks to the many field guides and
assistants while collecting in the Lesser Antillsan Carrington & Jeff Chandler of
Barbados, Kalan Ickes & Arlington James of Dominiegrre-Olivier Albano & Dr. J.
G. Pastel of Martinique, Roger Graveson & MelvinitBnof St. Lucia, and Fitzroy
Springer of St. Vincent.

Lastly, | cannot express enough gratitude to myilfaand friends for their
support from so many hundreds of miles away. Themkfor your encouragement and

support along this journey.



ABSTRACT OF THE THESIS
AIPHANES MINIMA(GAERTN.) BURRET (ARECACEAE): A MORPHOLOGICAL
ANALYSIS OF THE LESSER ANTILLEAN SPECIES COMPLEX
by
Karen Marie Laubengayer
Florida International University, 2008
Miami, Florida
Professor Javier Francisco-Ortega, Major Professor

A long-standing dispute of wheth&iphanes minimg&Gaertn.) Burret
(Arecaceae) of the Lesser Antilles is one or mpexes has existed for over two
centuries. This project aims to confront this isSthee significance of this study is to
elucidate taxonomic relationships among populat@ms. minima

| collected individuals oAiphanes minimdrom the Lesser Antilles, and analyzed
their gross morphology, anatomy, and pollen mompilto determine whether the
current taxonomy adequately represents the pawokigonary history. Collectively,
data gathered implies that a single species etigtsighout the Lesser Antilles. Median
values of data suggest two distinct groups of pdlete/een the northern and southern
islands.

Although median values segregate two groups of pamnorphology between
these groups is not unique. Morphology gradualgnges from the northern islands to
the southern islands, resulting in clinal variati@onsequently, these palms cannot be
segregated into more specific taxonomic units,@my a single taxon cAiphanesn the

Lesser Antilles can be recognized.
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1. INTRODUCTION

AiphanesWilld. (Arecaceae) is a genus of twenty-five spsadf spiny palms
distributed throughout the montane regions of trest¥hdies and South America.
Aiphanes minim&orms a species complex with an immensely longamdplicated
taxonomic history. Botanists of the Lesser Antilbemtend that the current taxonomic
standing of this species is inaccurate and thaerti@n a single speciesAiphanes
exists throughout the Lesser Antillean islands @dgraveson, St. Lucia, Arlington
James, Dominica, pers. comm.).

Prior to 1996 Aiphanesn the Lesser Antilles was believed to be represkhby
four separate species on five different isladserosa(Barbados)A. minima(Dominica
and Martinique)A. luciana(St. Lucia) andA. vincentiangSt. Vincent). Borchsenius and
Bernal (1996) produced a monograph of the entireigén which they concluded that the
Lesser AntillearAiphanespalms are a single speciés,minima,with considerable
morphological variation both within and among islanPreliminary data from
researchers in Dominica and St. Lucia suggestedrtbee than a single species exists
within the Lesser Antilles, as seen through vasiain elevation and phenotypic
characteristics (Roger Graveson, St. Lucia, Arbnglames, Dominica, pers. comm.).

The goal of this project was to resolve relatiopstamong Lesser Antillean taxa
of Aiphanesl| collected individuals oA. minimafrom Barbados, Dominica, Martinique,
St. Lucia, and St. Vincent, and analyzed their grasrphology, anatomy, and pollen
morphology to determine whether the current taxonadequately represents the palm’s
evolutionary history. Morphology is essential is®matics, as it provides a visual basis

for establishing taxonomic relationships withinmgléamilies including, but not limited



to, generic and sub-generic levels. Although mdbecstudies prove to be valuable in
systematics, morphological characters are essdatiplant identification in the field.
Morphometrics, or the study of quantitative varesbbf a biological form (Henderson
2006), have been implemented to identify said keypmological characters among
plants and are commonly used in the study of spameplexes as well as infraspecific
classifications.

The significance of this research is meant to dhtei taxonomic relationships
among populations @&. minimain the Lesser Antilles. This research will also\pde
vouchered material for future molecular studiesc®©molecular studies are reconciled
with my morphological findings, we will have a colefe systematic understanding of

Aiphaneswithin the Lesser Antilles.

2. LITERATURE REVIEW

Historically, morphometrics have been used to wijgtish separate taxa within
species complexes (Dickinson & Phipps 1985, Le@a9l Naczi et al. 1998, and
Negron-Ortiz & Hickey 1996), as well as to distimgjuvarieties and sub-species within
species where variation among morphological chara@xists, but not to a degree
sufficient to recognize multiple species (Eckenwaltl996, and Gengler-Nowak 2002).
Conversely, morphometrics are sometimes used tp keweral ambiguous species into
one species due to lack of consistent variationragnspecies (Mayer 1991, Schmalze et
al. 2004, and Thompson & Lammers 1997).

Morphometrics have a limited history in palm sysatics. Morphometric

analyses of palms are usually conducted on hemnacallections. More often than not,
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herbarium collections of palms are incomplete ondbprovide a good representation of
actual populations of palms. The typically largeesisometimes spiny nature and
primarily tropical range of palms contribute to poepresentative herbarium collections
or incomplete collections of the family, and consaatly, few morphometric studies
have been conducted. Where herbarium collectioma@dequate and taxonomists have
vital field experience, morphometrics have beerissecessfully to elucidate taxa
within Arecaceae. Morphometric analyses have djsished palm genera from tribes
(Henderson 1999), palm species from species compl@tenderson 2002, Henderson &
Ferreira 2002, and Nauman & Sanders 1991), and ypati@ties from infraspecific
complexes (Ehara et al. 2000). Such studies haeepabvided evidence suggesting that
variation among known species or populations waiginificant and thus were used to
justify recognition of variable or polymorphic sjpes (Borchsenius 1999, Loo et al.
2001, and Dauvis et al. 2007).

There are many genera of palms that demand furtisearch for a better
understanding of their taxonomy. The most poorlgwn genera are those that are
species-rich and include large, difficult-to-cotl@alms growing in remote places.
AiphanegqArecoideae: Cocoseae: Bactridinae) is all ofehtésgs. Aiphaness found in
the Greater Antilles, Lesser Antilles and South Apn# including Hispaniola, and
Puerto Rico in the Greater Antilles, Barbados, Duooa, Grenada, Martinique, St. Lucia,
St. Vincent, and Trinidad in the Lesser Antillesddinally, Bolivia, Brazil, Colombia,
Ecuador, Peru, and Venezuela, as well as Costa(Raaderson et al. 1995, Jones 1995,
Govaerts & Dransfield 2005). This palm’s pricklytma and ability to grow on steep

inclines make it difficult and undesirable to cotle
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Aiphanescan be distinguished from the other four CocosBaetridinae
(Acrocomiag AstrocaryumBactrisandDesmoncus(Dransfield et al. 2005) ecologically,
geographically and morphologically (Uhl & Dransfiel987).Aiphaness the only taxon
which readily grows within montane forests at h@jvations (Uhl & Dransfield 1987).
Unlike other BactridinaeAiphanesalso prefers tropical rainforests, as opposed to
margins of mangroves, open areas and savannahg&(Dtdnsfield 1987).
Geographically, the Bactrinidae consistently gravsouth America and Mexico, but
AstrocaryumandDesmoncuspecies are limited in the West Indies to Trinidatl (Uhl
& Dransfield 1987)Aiphanediffers morphologically from the other four genérgaits
praemorse leaflets. No other species in the Bacteddisplays such a leaflet with the
exception oBactris caryotifolia.Bactris caryotifoliais differentiated fromAiphanesy
an inflorescence with connate sepals of both star@iand pistillate flowers (Uhl &
Dransfield 1987). BotlBactrisandDesmoncuslisplay connate petals on pistillate
flowers (Henderson 2000\iphanesspecies have distinct sepals that are slightlyhatin
at the base (Borchsenius & Bernal 1996). Morphaiaiy speakingDesmoncuss the
only member of the Bactridinae that has adaptatioqermit climbing atop other

vegetation (Uhl & Dransfield 1987) and can eas#ydifferentiated fronAiphanes

Historical Survey oAiphanes minima
Aiphanes minimé&as had a long and convoluted systematic his@ver more
than two centuries, a total of eight specific egisthave been assigned to four different

genera. All suggested names are now synonomizAdragima.
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The type specimen &iphanes minimavas described over 200 years ago as
Bactris minimaGaertn. (Gaertner 1791). Joseph Gaertner madeebgsigtion from a
single fruit from an unknown location that he hadis seed collection. Today, this
specimen is held at the Tubingen Herbarium in GagmBis description adequately
detailed the globose drupe with a coriaceous exoedatich had a slightly acidic taste to
it. Gaertner (1791) explained that the endocarpst@sy and pitted and contained three
equatorial germination pores on the endocarp’saaserfonly one of those pores
penetrated the entire endocarp into the compartthabhhoused the endosperm. Gaertner
(1791) depicted a white-colored tuberiform endospéile also described the embryo
developing through the completely perforated geatiom pore. Gaertner (1791) not only
provided a thorough description for this fruit, Inat also illustrated the pitted endocarp
(in its entirety and in transverse view), as wsltlze endosperm and developing embryo.

Bactris,a genus described in 1763 by Jacquin and latdispel by Scopali
(1777) has pitted endocarps not unlike thosgiphanesand so Gaertner’s assignment
of his specimen to that genus is not unusual. \Witly a fruit, seed and embryo
described, much interpretation remained in ordedeatify theB. minimain the field.

Nearly half a century lateBactris acanthophyllaMart. was described from a
location around 400 m above sea level in Puerto Rvartius 1844). Martius (1844)
detailed an 8 m tall tree with a prickly stem antd@wn of long leaves. Each leaf
displayed wedge-shaped leaflets, which he stated mere lanceolate in juveniles, and
were covered in prickles. He described a signitichatail about this palm that separates
it from other prickly palms of the Caribbean: tigstof the leaflets were bifid and

praemorse. Unlike the other bactrids of this redierocomiaandBactris), only
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Aiphanedeaflet tips are praemorse with an elongated toatbne margin that tapers into
a jagged tip across the leaflet.

Martius reported the petiole 8actris acanthophyllas having stiff, black
prickles at the base, 10-20 mm in length. Thed¢mthad primary and secondary veins,
which formed ridges on both sides of the pinnaer{Ms 1844). Martius’ description was
unfortunately limited to vegetative characters dmgause the holotype he used was of a
juvenile plant (now held at Herbarium Webbianunfriorence, Italy). Subsequent
materials to this holotype include photographs airfiis’ collection and the isotype of
this palm, located in Risskov, Denmark at the AarHerbarium, and Genéve Herbarium
in Genéve, Switzerland, respectively.

A year after describinBactris acanthophyllaMartius also describe. erosa
Mart. (1845a). He reported the palm as being maelgraaespitose, but may have
confused what he was seeing with anoBectris or Aiphanesspecies, as alliphanesn
the Lesser Antilles have solitary stems. He repbitt@t the stem was ringed with black
prickles and had linear to wedge-shaped pinnaeavitiliregular tipBactris erosa
produced red globose drupes. Martius’ holotypedsiled in Paris, France at the
Bibliotheque Centrale, and an isotype can be fairi¢ew, but only as an uncolored
copy. Again, the wedge-shape leaflets and pricktesndicative ofAiphanes

At the same time that Martius descriligalctris erosahe also described
Martinezia corallina(Martius 1845b). Martius (1845b) reported thisnpab have a stem
circa 7 m tall with prickles and linear to wedgexgld leaflets arranged alternately and
with a jagged tip. The praemorse tip of the leafletimediately signifies that Martius’

treatment of this palm was incorrect and that @usth have been referred to Agphanes.
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He described the leaflets as being lighter greexiably than adaxially. Martius (1845b)
also detailed the peduncular bract as being spsti@ed with a tawny indument and
with few prickles, as well as the inflorescencéd as in length with black prickles at the
base that possessed a white indument. This pabrpadsiuced coral-red globose drupes
(Martius 1844). Martius placed GaertneBsminimaas a synonym for this species,
which is in violation with today’s principle for jarity of publication in botanical
nomenclature. Had Martius appropriately treatedotlen he was describinly).
corallina may never have been described, Bndhinimamight have had a more
complete descriptiarAs with Martius’ previous collection, the holotypéthis specimen
is located in Paris, France at the Bibliothequet@dn

The original descriptions dactris andMartineziadiffer slightly (Scopoli 1777
& Ruiz & Pavon 1794). Beginning with the habit afoh taxaBactrispalms are often
caespitose and are usually small to medium inrgafs opposed tdartineziapalms
that are always solitary and stand 10-30 feet ighteThe leaflets of these palms are
distinctly different according to their descript@Bactrishave linear to wedge-shaped
pinnae with the outermost margins often conne@eadMartineziapinnae are always
praemorse. The inner lining of the peduncular lsrecslightly variableBactrisspecies
have a woody lining, whereagartineziapalms have more of a coriaceous lining. Flower
color tends to vary from green to red or rose-amowithin both taxa, but only
Martineziamentions some flowers being yellowish-brown in cokeruit color of these
taxa is more striking than floweBactrisproduce purple or blue-black fruits, whereas
Martineziaproduce scarlet or red-yellow fruits. Another cati difference between these

taxa, and suggestive of the importance of fruitemtions, are the positioning of the
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germination pores on the exocaBactris species display germination pores towards the
top of the nut, whereddartineziaspecies display germination pores along the eqaator
line of the nut. Lastly, two details clarified umdbeBactrisdescription and not
mentioned under thiglartineziadescription are those of the positioning of theemal
flowers with regards to female flowers (male floware throughout the inflorescence as
opposed to the females which are proximally pasétthroughouBactris) and the
endosperm (appears to be more or less oiBaictris) (Scopoli 1777).

Martius (1845a, b) detailed two differences betwiisrdescription oMartinezia
andBactris, which may indicate why he taxonomically treatied palms as he did
Primarily, Martius (1845b) described that the letflofMartineziawere lighter green
abaxially. Otherwise, all leaflet descriptions pegallel between the taxa: linear to
wedge-shaped leaves with irregular leaflet tipsrfMa 1844, 1845a, b). Secondly,
Martius’ (1845a) description d. erosaincluded a brief description of a moderately
caespitose stem, as soB&ctris species have (Henderson 2000); howeMartinezia
taxa possess only a solitary stem (Martius 1845b).

Martius’ decision to recognizZdartineziaas opposed tBactrisis likely due to
the solitary stem and red fruiBactriswas characterized by multiple stems and purple-
black fruits. Martius described. corallinaas having a solitary stem and coral-red fruits,
characteristics which clearly pointedNtartineziaand notBactris. Further supporting
Martius’ decision to recognizZdartineziawas the stature of the palm: a 7 m tall tree does
not mirror the description @dactrisas a small to medium-sized palm.

Linden described anothbtartineziaspecies in the late 1800dartinezia erosa

(Linden 1871 cited in Borchsenius & Bernal 1996swiascribed in a seed catalogue.
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The lectotype of this specimen was collected intélemdeniano (Borchsenius & Bernal
1996) and can be found today at Kew in London.

Wendland (1878) later concluded thartinezia corallinabelonged to the
Willdenovian genudiphaneslikely because of the palms praemorse leafletsimdde
the nomenclatural combinatigxiphanes corallingMart.) H. Wendl. (1878). Wendland
kept Martius’ description and provided no furthemsments of his own. At the same time
Wendland (1878) named another paBactris martineziifolia A description foB.
martineziifoliawas not provided. The binomiBl martineziifoliawas commonly used by
horticulturalists, and was never published as al\&ientific name (@omen nuduin

Cook (1901) introduced yet another gerdgrima, to this already complicated
list of names. Cook (1901) provided a generic dpson of Curimafor the stem, leaves,
inflorescence, pinnae, flowers and fruits thateanty identical to the previous
descriptions oAiphaneslike taxa. Within this genus, he made the combamaCurima
corallina (Mart.) O.F. Cook (Cook 1901). Cook concluded thatgenudartineziawas
based on characters assignablEuterpeandChamaedoreaBelieving that the palm he
was looking at did not fall und&uterpeor ChamaedoreaCook transferredartinezia
corallinato CurimaO.F. Cook (Cook 1901). This palm was said to groielg in
Martinique. Cook offered little additional informai on this treatment, as his primary
focus at the time was on palms of Puerto Rico, eierdescribed the similar C
colophylla

Curima colophylla(the holotype of which is at the National Herbariat the
Smithsonian Institute in Washington, DC) was thstfiecord of aiphanesfrom

Puerto Rico (Cook 1901), although Cook did not geipe it as such. Aside from the
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detailed description Cook offered fGr colophylla the only distinguishing difference in
comparison withC. corallinawas geography. As others had mentioned in previous
descriptions of similar palms, Cook (1901) stateat the stem of. colophyllawas
slender (sometimes more slender at the base), Ly tom in diameter, and had prickles
protruding from the internodes. He described leagemore than 2.5 m in length
supporting 30—40 pinnae on each side of the leadliis. The pinnae were described as
strap-shaped with praemorse-truncate tips thatbecdorter and broader towards the
tip of the leaf (again suggesting that these paker® inappropriately treated and fit the
description ofAiphanedy leaflet tip alone). He depicted the palm as hgwark spines
(prickles) on the base, rachis, midribs and lamsindaces. Cook (1901) also described a
grayish or brownish indument along all parts of plent, with the exception of the
prickles and terminal portion of the adaxial letfleCook (1901) explained that the
indument thinned to nothing along the prickles @ardhinal portion of the adaxial
leaflets. He wrote that the peduncular bract wad ¢a in length and exposed an
inflorescence supported by an extremely spiny peléunhen split open (Cook 1901).
The inflorescence supported relatively few pisiliowers, which were borne at the
base of the rachillae. Cook (1901) described thie &s orange to brick-red in color,
slightly ovate in shape, deeply and irregularlyguitand with three distinct and radially
fibrous striate pits.

Cook disregarded the useAiphanedor his palm because of supposed
differences, which for the most part were ambigudesending on the age of the palm or
its stage of developmeraiphanessupposedly stood taller, had shorter leaves, was

immensely prickly (as opposed to scattered prickiesughoutCurima), showed a well
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pronounced indument, had a shorter inflorescenas,vermaphroditic (Cook was
mistaken;Aiphaneshas bisexual inflorescences, and not bisexual fisjyand grew in
ravines and forests at high altitudes within mounstéas opposed to the limestone hills
and roadside sightings Gurimain Puerto Rico). Cook believed that because aféhe
charactersAiphaneanore closely resembldghctrisand was markedly different than
Curima

Beccari (in Urban 1920) disagreed with Martiusatraent ofBactris
acanthophyllaand moved it intdartinezig which Beccari had not relegated to
synonymy. Beccari based his description solely lomier's (1703) polynomial of
Palma dactylifera aculeate fructu corallino minglthough Plumier’'s names are
polynomial and pre-Linnean, his work is still thasks for properly described names.
Beccari describet¥l. acanthophyllaas moderately caespitose, (again, a misinterpratat
of the palm, as this palm certainly has a solisigm), with black prickles along the stem
and producing red, globose drupaceous fruits.

Burret (1932) conducted a complete taxonomic treatrof Aiphaneswhich had
been described by Willdenow (1806). He reviewedddscriptions oBactris, Curima,
andMartinezig genera with similar descriptions to thatraphanes Burret noticed many
similarities among the descriptionsBdictris acanthophyllaMartinezia acanthophylla
Bactris erosaandCurima colophyllaHe recognized that these palms were not only
similar to each other in description but that thiethe description oAiphanes Bringing
the first wave of clarity té\. minima’syoung and complicated history and honoring the

code of botanical nomenclature, Burret (1932) spnozed each of the previously
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mentioned names undAr acanthophyllgMart.) Burret. He concluded his finding with a
description of the palm’s distribution: Haiti, Saribomingo, and Puerto Rico.

Burret (1932) also describédphanes eroséMart.) Burret. Burret wrote a
thorough and detailed description of this palm.ddecribed a 6 m tall tree having a
prickly stem; leafy rachis with frequent black sgsnleaflets with a praemorse apex
regularly to irregularly arranged along the racmsl displaying a prominent primary vein
as well as stiff and black hair-like prickles; mféscence monoecious with male flowers
in pairs proximally and individually distally, ferieaflowers fewer and growing on the
proximal end of the inflorescence; rachillae kinkdong proximal portion of
inflorescence and more thread-like at the distdl emale flowers oblong, ca. 5 mm in
length and tapering to a point, sepals attachedllgaand also oblong while tapering to a
point, petals typically oblong-lanceolate with adifi tapering distally, filaments short,
anthers linear and sagittate and basifixed, psiilim small with three sharp points;
female flowers with broad, triangular sepals coarmtsally and adnate distally,
staminodal cup with six teeth.

Burret (1932) synonomizedartinezia erosgMart.) Linden withAiphanes
erosa He mistakenly neglected to credit Martius for pusblication ofBactris erosarom
1845. Consequently, Burret’'s publication incorngctledits Linden, instead of Martius,
as the basionym author. Aside from the nomenclamistake, Burret recognized the
close resemblance &f erosato A. acanthophyllaand remarked that further detailed
observation of a more complete specimen might tefearosato be a variety oh.
acanthophyllaBurret (1932) completed his description of therpwaith its distribution:

Barbados, Grenada, Guadeloupe, Martinique, andistent.
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Still trying to resolve the taxonomic confusionvafiat was later to become
Aiphanes minimaBurret continued analyzing these prickly palmstrBt had become
familiar with the genudlartineziaand commented that he knew the palms described to
be Martinezia,but felt that none of them actually belongedviartinezia(Burret 1932).
Burret (1932) never suggested tN&rtineziaspecies should be transferrecEigterpeor
Chamaedoredike Cook had; instead he described anofiphanesspecies. He found
this one to grow in the high altitude forests ofrdaque and St. Lucia. Having found
this palm to be similar to the descriptionsBafctris minimaM. corallina, A. coralling,
andCurima coralling Burret (1932) synonomized all of these taxa urher nameA.
minima(Gaertn.) Burret.

Bailey (1949) published two nediphanesspecies from the West Indies,
luciana (for which the holotype is stored at the L.H. BgiHortorium at Cornell
University in Ithaca, New York, and the isotypetls British Museum’s Herbarium in
London) andA. vincentiangthe holotype of which is at the L.H. Bailey Hoiton at
Cornell University in Ithaca, New York). Bailey sumarized that the West Indies was
home to five different species AfphanesHe began describing said species wth
luciana.

Bailey (1949) describediphanes lucian#o be unique as it was the only
Aiphanesspecies to have a thin, flexible peduncular biaatley (1949) described an 8
m tall, solitary stem with a 10-13 cm diameter @nds of 6 cm long black prickles in
the palm’s internodes. He said the leaves were mioless 2 m long with alternate or
subalternate and unarmed leaflets numbering 18e@8ige of the leafy rachis. The

petiole was described as armed with prickles upédirst pinnae, and rarely if ever
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beyond (Bailey 1949). The peduncular bract wasdgeror “grass-like,” grown to about
1 min length and had hair-like prickles up to 4 iontength (Bailey 1949). Bailey (1949)
described the floral and fruit attributes of thénparachillae 10-15 cm long and slender;
flowers 2—3 mm long and yellow; fruit depressedbglar, red when mature, endocarp
hard with minimally pitted shell; seed 5—-7 mm thick

The remaining four species Bailey (1949) groupegttioer as having woody
peduncular bracts and a large inflorescence withymachillae. He distinguished
Aiphanes acanthophylimom A. erosaby their seeds and apical pinnae (Bailey 1949).
Aiphanes acanthophyllaad a seed with conspicuous pitting and broaddeaitets on
the distal end of the leaf, and conversélyerosahad seeds with a much smoother
endocarp and apical leaflets were more or lesseinparallel (Bailey 1949). He
separated\. minimafrom the other palms by prickles having grown lo& &baxial
surface of the pinnae, prominent pits in the seedtocarp, and the large, woody
peduncular bract having an armament of pricklegsoproximal half (Bailey 1949).

Bailey (1949) concluded his summary of West Ingpaims with his description
of the newly discoverediphanes vincentiandailey’s description was similar to that of
the previous Lesser Antillean palms. These palme wp to four times thicker in
diameter thai\. lucianaand had 100 cm long black prickles (Bailey 194%e leaflets
were 2-3 times as numerous, but arranged simigartyarmed with prickles on the
abaxial veins. The peduncular bract was depictetiastically different in that it was
thick and woody and sparsely armed. Bailey (194%cdbed an 80 cm spadix and a 50—
60 cm peduncle that was heavily armed at the béselescribed the rachillae as being

numerous, long and slender. The fruit was neadipgar in shape with a slight beak and
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a tapering base, as well as vermillion in color wheature (Bailey 1949). Bailey (1949)
depicted the endocarp as shallowly pitted and switilla homogenous endosperm about
7—-8 mm in diameter.

Forty-seven years after Bailey concluded that trestihdies was home to five
AiphanesspeciesA. acanthophyllgPuerto Rico)A. minima(Martinique),A. erosa
(Barbados)A. luciana(St. Lucia) andA. vincentiangSt. Vincent)) Aiphanesvas
monographed by Borchsenius & Bernal (1996). Theyeatrated their field work in
northern South America and made no field excursiorike Caribbean. Having observed
only available museum collections, some of whicti biaffered through a herbarium fire
and were badly damaged, Borchsenius and BernabjX@hcluded that the variation in
the Lesser Antillean populations Afphanescould be accommodated within a single
speciesA. minima

Could the CaribbeaAiphanesall be encompassed by a single species?iytu
observations of populations Afphanes minimgéhroughout Barbados, Dominica,
Martinique, St. Lucia and St. Vincent show variatio morphology. The purpose of this
study was to determine whether there is more tin@species cAiphanesn the Lesser

Antilles as seen through morphology and anatomy.

3. MATERIALS & METHODS

The taxonomic problem &iphanedn the Lesser Antilles was addressed by
collecting specimens, along with ecological, eleval, and gross morphological data.
Anatomy of these palms was thoroughly examined fpaypulations on each of the

Lesser Antillean islands where this species oc&woen morphology was found by
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Borchsenius & Bernal (1996) to be taxonomicallyfuse someAiphanesspecies and

so was analyzed in representative palms of idedtifiusters in the principal component

analysis. Morphological characters of the stemydeaflowers and fruits were studied for
novel characters with taxonomic utility. Lastlyyrerphological analysis of the seedlings,

which has never been documented for the Lesselldatispecies, was conducted.

Herbarium Specimens and Collections

For this study, 137 specimens were examined, imojuidoth museum (75
specimens) and personal field collections (62 spens). Distribution maps of wild
collected material show five countries where sasplehis palm were recorded:
Barbados (Figure 1), Dominica (Figure 2), Martireqirigure 3), St. Lucia (Figure 4)
and St. Vincent (Figure 5). The distribution mapes designed to show the accuracy of
the location from which the palm was collected: [&@iéated in Field” denotes GPS
coordinates recorded at time of collection; “Esti@dbby City” means that the exact GPS
coordinates were not available, but the city fromah the collection was made was
recorded at time of location; “Estimated by Couhsignifies that the exact location of
the palm collected is not known, but it was colsectvithin the representative country
(these collections are always represented by aenarithin the center of the country);
“Estimated from Nearby City” means that the exaist af the collection was not
recorded, but collection information such as rivenads and mountains suggest the
location of from which the palm was collected frdmsuch a case, the approximate
location of the collection was estimated by theseki city to the collection information.

My field collections were limited to the Lesser Mlefan islands of Barbados, Dominica,
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Martinique, St. Lucia and St. Vincent, althougharels indicate that this palm grows in
Cuba, Grenada, and Puerto Rico as well. | restrictg field work to these islands
because of their reputed abundant populations laytetanists in the area, as well as
several herbarium specimens verifying past cobbastiof the palms in several areas on
these islands. All specimens used in the statlsdizalysis were limited to the same
Lesser Antillean islands.

Specimens were examined from the following majobaga: the L.H. Bailey
Hortorium at Cornell University (BH), the Gray Harum and Arnold Arboretum at
Harvard University (GH, A), the herbarium of FaiitdhTropical Botanic Garden (FTG),
the Michigan Herbarium at the University of MichigéMICH), the New York Botanical
Garden from New York (NY), and the National Herbamiat the Smithsonian Institute
(US). These specimens were analyzed for vegetatiddruit/floral morphology. Only
ten of the 75 museum specimens could be used stdlistical analysis because of
missing information or incomplete collections oé tspecimens.

| collected plant material in Barbados, Dominicarihique, St. Lucia, and St.
Vincent and exported it to the United States fadgt Contacts with individuals from
Forestry departments and avid botanists from eslahd assisted in my research by
locating populations chiphanes minimalpon visitingAiphanessites, | collected
vouchers from palms as well as fruits and flowergickling. Leaf samples were collected
for future DNA studies. Seeds were collected agaltéd for export to the United States for
seedling studies. Sampling was non-destructive nanghims were killed while collecting.

I vouchered 62 specimens, including some seedlirgs, Barbados (11

specimens), Dominica (6 specimens), Martiniquesf{iécimens), St. Lucia (22 specimens)

25



and St. Vincent (8 specimens) and deposited thdfit@ Digital photographs of each

palm were taken when possible, locality was reabiigh a 12-channel eTrex GPS unit
(Part number 190-395-01 Rev. B from Garmin Inteomat, Inc., Olathe, Kansas), and
habitat and gross morphology data were recordesit@nSpecimens were collected using a
pruning pole to saw off palm leaves, inflorescenaes infructescences. Collections were
pressed in field presses and treated with locabylable 40% alcohol to kill any biotic
organisms prior to export.

Flowers, fruits and seeds were collected from tberd beneath the vouchered tree
as well as from collected inflorescences and inésmences. Trees did not produce fruits
and flowers simultaneously, nor did each tree lmik male and female flowers at anthesis
when flowers were present. Fruit and floral coltats were thus incomplete because both
inflorescences and infructescences were not alaitabthe trees at the time of collection.
When present on the palm, fruits and flowers weesged and some pickled in plastic bags
with alcohol.

Leaf material for future molecular studies wasec#d from leaves on each
vouchered specimen as well as surrounding unvoadheges (reproductively immature
trees were never vouchered). Shears were useip toftcleaflets from vouchered plants
and low-hanging leaves of other palms in the pdmraAll molecular collections were
wiped down with isopropanol, cut into small pieeesl dehydrated in silica gel in small
paper envelopes. All molecular material will beretbat the Plant Molecular Systematic
Laboratory jointly operated by Fairchild Tropicabanic Garden and Florida

International University in Miami, Florida, USA.
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Anatomical Analysis

Anatomical features of leaves from 65 specimeng wgamined using standard

microtechnique (Johansen 1940, Tomlinson 1961,rRL&99). Leaf material was collected

from the middle of a leaflet in the middle of a mmatleaf of every palm sampled. Field

samples for anatomical study were temporarily sttweally available 40% ethanol. Upon

arrival of the material at Fairchild Tropical BotaGarden, all material was fixed in FAA

and then stored in 70% ethanol. Two techniques wszd in examining the leaf anatomy:

1)

2)

Leaf scrapings to provide sections of epidermusfboth sides of the leaflets for
examination. With this technique, as much mesoyitsglie and opposing
epidermal layers were carefully scraped away franheside of the leaflet to
reveal a flat portion of the epidermis and sometimgoodermis 1-3 cell layers
thick (Tomlinson 1961). This technique results poation of epidermal tissue
and corresponding stomatal complexes and trichoones viewed in their
entirety.

Leaf sections permitted the viewing of charadtetsngitudinal and transverse
views. Leaflet pieces were soaked in 25% hydroituacid to dissolve silica
bodies and prepared for sectioning with a slidingrobtome (Tomlinson 1961,
Ruzin 1999). Leaf material was sliced as thinlpassible (typically 12-20m

in thickness). The fiber bundles often fell ousettions thinner than 12-2@n.
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All anatomical pieces for epidermal scrapes antiseog were cleared in 50%
Clorox, stained in 0.1% toluidine blue, mounted&aro Syrup with phenol (several drops
of saturated phenol solution (enough to give mixtiismell) to 100 ml Karo Syrup to
make a semi-permanent mounting media that willgmefungal growth), and dried while

weighted to produce a flat piece of leaflet tiskweanalysis (Tomlinson 1961).

Gross Morphology:

Morphology of the entire palm was examined. Specifiaracters were recorded for
a principle component analysis. Vegetative morpifiold characters compared in the
statistical analysis include the following:
Stem heightThis was a measurement made from ground levlktbase of the crown.
Stem diameter at breast heigBtBH tape was used to measure the diameter of ¢he &t
breast height. The tape was wrapped around the Btpritkles were present, they were
pressed flat against the stem by the DBH tape.
Longest stem prickle lengtti:prickles were present on the lower 2 m of thesrstthe
longest prickle was measured and recorded.
Total number of leaves in the crowrhe number of leaves was counted either from the
ground, or from photographs included with borrowmedbarium specimens.
Total number of leaflets along one side of theyleathis: The total number of leaflets from
the sawed off leaf, or from photographs includetthwbrrowed herbarium specimens were

counted.
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Leaflet lengthFrom herbarium specimens, the total leaflet lemgih measured from a
middle pinna. Measurements were taken from henesjpecimens instead of in-field
measurements because vegetative material shrirdes evied.

Leaflet width:From herbarium specimens, the leaflet width wassoreal from the middle
of a middle pinna. Measurements were taken frorodrem specimens instead of in-field
measurements because vegetative material shrirdes evied.

Leaflet widening at the distaBome leaflets widened, narrowed or remained phedttr
drying. The leaves dkiphanes minimare highly fibrous, and applied pressure and heat
when preserving these specimens could cause ushriakage. To eliminate as much
variability as possible, a general statement oftladreor not the distal leaflet margins
widened, narrowed or remained the same as the endidhe leaflet was recorded.

Total number of prickles on leaflet’'s adaxial sedaA pinna from the middle of the leaf
was selected. All prickles and persisting priclkdsds (where prickles once were, but had
been broken off) were counted on the adaxial serféthe leaflet.

Placement of adaxial prickles along midrib and galang veins:Prickles were observed to
be growing on the midrib only, the midrib and plklaleins, or parallel veins only along the
adaxial surface of the leaflet, and were codediels & the statistical analysis.

Total number of prickles on leaflet’s abaxial sedaA pinna from the middle of the leaf
was selected. All prickles and persisting priclkdsds (where prickles once were, but had
been broken off) were counted on the abaxial serféthe leaflet.

Placement of abaxial prickles along midrib and galang veins:Prickles were observed to
be growing on the midrib only, the midrib and plklaleins, or parallel veins only along the

abaxial surface of the leaflet, and were codediels & the statistical analysis.
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Maximum leaflet prickle lengtfhe longest prickle on the leaflet on either swefaas
measured and recorded.

Petiole and leaf base combined lengthe length from the base of the leaf to the distal
most end of the petiole (where the proximal leafle¢re attached) was measured.
Maximum prickle length along petiole and leaf balee longest prickle along the leaf base
was measured and recorded.

Leaf base prickle distributiorthe prickles on the leaf base were located eitiveughout,
along the central portion of the leaf base, or@itre margins. | simplified the distribution
to be either throughout or patchy (as in eithemtiaegins or central portion of the leaf base,
but not throughout).

Petiole and leaf base prickle densiBrickles were recorded as either sparse or dense.
Prickles were observed to be throughout, but theplced over the leaf base. In other
instances, the prickles were patchy, but very feguantity.

Prickle width along leaf bas@he width at the base of the largest prickle waasueed
under a dissection microscope using a metric ruler.

Total rachis lengthThe length of the leaf rachis was measured fronbésal leaflets to the
tip of the rachis (note that the tip of the radhisot the tip of the terminal-most leaflet tip).
Maximum prickle length along rachi$he longest prickle on either side of the rachis wa
measured and recorded.

Prickle distribution along rachisPrickles along the rachis were described as berajed
proximally, centrally or distally (or any combinati thereof), throughout or absent.
Prickle density along rachidistribution of prickles along the rachis were dised as

dense, sparse or none. When dense, prickles wenéyelistributed in a thick patch along
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the rachis. When sparse, prickles were spreadauthin patch along the length of the
rachis, or in some instances, not spreading alomertire length of the rachis.

Prickle presence on adaxial surface of rachiigrickles were present on the adaxial surface
of the rachis, they were recorded as being present.

Prickle presence on abaxial surface of rachiigrickles were present on the abaxial surface
of the rachis, they were recorded as present.

Prophyll length:The prophyll was measured from its base wherestattached to the tree,
to the tip.

Prophyll width: The prophyll width was measured along the flatteswethce, or the surface
that was pressed closest to the tree’s stem,\&idest part.

Maximum prickle length along prophyif:prickles were present on the prophyll, the
longest one was measured and recorded.

Peduncular bract lengthifhe peduncular bract was measured from its baserewtwas
attached to the tree, to the tip.

Peduncular bract widthThe width of the peduncular bract was measured atidest

point.

Maximum prickle length along peduncular brathe largest prickle on the peduncular
bract was measured and recorded.

Prickle distribution along peduncular brad®rickles along the peduncular bract were
described as being located proximally, centrallgistally (or any combination thereof), and

throughout or absent.
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Prickle density along peduncular bra@ensity of prickles along the peduncular bract was
described as dense, sparse or none. When dercsdgepruvere evenly distributed in a thick
patch along the peduncular bract. When sparse|ggiavere spread out in a thin patch
along the length of the peduncular bract or inledc

Peduncle lengthThe length of the peduncle was measured from tim¢ pbattachment to
the tree to the point where rachillae are inserted.

Peduncle diametePeduncle diameter was measured with DBH tape, dritncentral
portion of the peduncle.

Maximum prickle length along pedunclghe longest prickle on the peduncle was measured
and recorded.

Point of prickle termination along pedunckrickles terminated either before the rachillae
began to branch, where the rachillae began to byamavithin the branching rachillae.
Often times, but not always, prickles dissipatéd an elongated point on one side of the
peduncle. The termination point was decided froentifh of this point when present.

Total inflorescence lengtfThe total inflorescence length was measured frempatint of
attachment on the tree to the tip of the last Hachi

Length of inflorescence with rachillae branch&hkis portion of the inflorescence is the
region where rachillae branch. It was measured tl@portion of the peduncle where the
proximal-most rachillae are inserted to the tiphef distal-most rachilla.

Total number of rachillaeAll rachillae on the inflorescence were counted.

Rachillae lengthThis measurement was taken from the proximal-naastifa, from the

point of attachment on the peduncle to the tips ieasurement was taken from an
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unstretched rachilla, with all kinks naturally ilage in the rachilla.
Greatest order of branching along the inflorescer@eder of branching was calculated
starting with the peduncle as branch “0,” the fiesthilla branching off of it being “1” and if

another order of branching arose from the rachillaas counted as “2.”

Multivariate Analysis

Some specimens examined had several missing dapaeVent skewed results by
the software’s replacement of blank data with aeaif “1” or “0,” specimens with missing
data were omitted from the statistical analysi® Workable dataset included 61 operational
taxonomic units (OTUs) from Barbados, Dominica, fidgue, St. Lucia and St. Vincent,
and 8 quantitative variables, including distal lleldength, flowering portion length, number
of rachillae, peduncle diameter, peduncle lengithiiae length, segment length and
segment width. This dataset was standardizedrtonglte variance in excess on any one
variable.

A principal component analysis (PCA) is a multigsgi analysis meant to analyze
quantitative data based on variance within theates, and has a limited history of being
used appropriately in palm systematics as a todisimguishing taxonomic groups
(Borchsenius 1999, Henderson & Martins 2002, Laal.e2001, Henderson 2002,
Henderson & Ferreira 2002, Henderson 2004, and étsad 2005). For this project, a PCA
was implemented in Multi-Variate Statistical Paak&lyVSP) Plus version 3.1 (Kovach
Computing Services 1999) to establish whether nadqgjical variation of palms within the
Lesser Antillean regions was evenly distributedlostered. Upon identifying two clusters,

t-tests were performed in SPSS to determine whethaot the two clusters were
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significantly different. Variables were also testednormality to ensure the t-tests were
accurate. To determine equality of the means fests, Levene’s test for equal variances

was calculated.

Pollen Morphology

A review of Aiphanegpollen was conducted by Borchsenius and Bernal and
showed that morphology varies among species igehes (1996). Pollen morphology
was examined with scanning electron microscopy (P&ith a JEOL 5910-LV SEM
(JEOL USA, Inc., Peabody, Massachusettes). All Stvk was conducted at Florida
International University in the FCAEM facility undthe direction of Mr. Tom Beasely.
Data collected from SEM work will determine if vation in pollen morphology can be
useful in distinguishing species Aiphaneswithin the Lesser Antilles. Pollen for this study
was collected from flowers on herbarium specimbasitcollected. Pollen was sputter
coated with gold for one minute with a SPI-modylatser coater (model 11425 and
11430, SPI Supplies, West Chester, Pennsylvaniajebsubjecting it to a 15 kV beam. |
sampled representative specimens of the Lessdieantisland palm populations for this

analysis.

Seedling Analysis

My field observations aAiphanes minimaeedlings in the Lesser Antilles revealed
that some eophylls have prickles (Figure 6A) amdesare unarmed (Figure 6B). To
examine variation in this character, | collecteduraseeds in the Lesser Antilles for an

ex-situseedling study at Fairchild Tropical Botanic Garderuit endocarps were
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scrubbed clean of their exocarp and mesocarp, ifatlied in the sunshine. Seeds
collected from Martinique and St. Lucia receiveeatment of miticide as a result of
increased USDA security against the red palm riitmiella indica Once seeds from
Martinique and St. Lucia were dried, they were pthin bags and covered in granules of
Spectracid& Triazicide® insect killer (Spectrum Group, Atlanta, GeorgBpectracid®
Triazicide®is a contact insecticide and miticide. It has neease effects on emergence or
subsequent growth of seedlings (Ms. Mia Robinso&pectrum Group, pers. comm.).
Seedlings were compared by the following variabhesnber of prickles on the
adaxial surface of the eophyll, second leaf andl tieiaf; number of prickles on the
abaxial surface of the eophyll, second leaf andl tieiaf; length, width, distal leaflet
margin length, petiole length and rachis lengtkthefeophyll, second leaf and third leaf;
total plant height; maximum prickle length on léague. A PCA consisting of 84 OTUs
and 23 quantitative vegetative morphological vdeshvas conducted. A second PCA
included the same 84 OTUs and 6 variables pergitaimprickliness of the first three
leaves of each seedling. Because this samplessiz®t mdequate enough to be normally
distributed, the Central Limit Theorem was invokeds assumed that a larger sample

size would make the distribution of variables moeoemal.

4. RESULTS
Anatomical Analysis

Anatomical results consistently varied among pakitkin populations, within an
island and throughout the Lesser Antilles. No didtpatterns were observed in

accordance with anatomical variation in populationglands. The following is a
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general anatomical overview of &llphanespalms in the Lesser Antilles.

General Dorsiventral symmetry

Trichomes Rarely observed on adaxial surface in rows aasedtiwith fibers;
more common abaxially (Figure 71). Trichomes peltamniseriate stalk, ca. 3 cells; disk
multi-cellular, 2—3 tiers, ca. 20 cells total; ar(@% 4 (5), single cell wide, usually consist
of up to three cells in length, taper distally iatcaudate tip of cells if not broken off.

Epidermis Abaxial epidermal cells uniseriate, thin walledlanon-sclerified
(Figure 7F). Cells more or less isodiametric, omoealy polygonal. Cells rectangular
and in files with non-sinuous anticlinal walls. At epidermal cells like adaxially;
more polygonal in shape (Figure 7G).

StomataRarely found adaxially; abundant abaxially (FeuiF). Stomatal
complexes tetracytic and randomly scattered a@bagial surface. Terminal subsidiary
cells ovoid to triangular in shape; some more edbed than others; (6) 10-15 (55) x 9—
15 (35) m. Lateral subsidiary cells oblong and convex adostomata; 7—8 x 23—-26n.

Hypodermis Non-sinuous cells arranged obliquely to sligisthgaller epidermal
cells (Figure 7F-G). Present both abaxially andkedlg. Found usually in a single layer
with the exception of around midrib and rarely imadl patches throughout lamina. Cells
square (more or less), usually equal in lengthghiteand width, with the exception of
those cells found around midrib; cells around nhidnie in 2 or 3 tiers and tend to be 3 or
4 times smaller than cells found elsewhere.

Mesophyli Bifacial with palisade restricted to adaxial s (Figure 7A-D).
Palisade occupying 0-3 layers of mesophyll. Spanggophyll weakly to well

differentiated from palisade, compact and occupyng tiers of cells within mesophyll.
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Vascular bundlesLargest proximodistal bundles display one or moetaxylem
vessels and 1 or 2 phloem strands (Figure 7A).risbeath 1-3 cells thick and highly
sclerified wraps around bundle. Uniserate bundéat#henvelopes sclerified bundle with
69-92 inflated cells; bundle sheath presses adaypstdermal cells; rarely causes ridge
in lamina. Smaller bundles lacking metaxylem vesbeit displaying a single phloem
strand are more common and separate larger butetbesibed before by 3—7 bundles
(Figure 7A). Smaller bundles arranged in the middlthe lamina, commonly at the
median of palisade and spongy mesophyll, usuapiarsged from tier of hypodermal
cells by 2 or 3 tiers of mesophyll. Smaller bundigapped with a uniseriate (rarely 2)
layer of highly sclerified fibers, and again byraseriate bundle sheath of (7) 10-30 (42)
inflated cells.

Non-vascular fiber bundled hick-walled, unlignified fibers comprising buredl
arranged in up to three tiers throughout mesophyle common in one or two tiers,
rarely and inconsistently in three tiers. Singé of fibers arranged centrally to
abaxially, and usually 2 or 3 tiers away from abbkiypodermis; fiber bundles generally
2-97 fibers thick (Figure 7B). Lamina possessingi of fiber bundles have a tier of
larger fiber bundles (1-91 fibers thick) arrangbexaally and smaller fiber bundles (1-
43 fibers thick) arranged adaxially (Figure 7C)rdex abaxial bundles are usually
separated by 1-5 mesophyll cells and 1 tier of plegbaway from the hypodermis;
smaller adaxial bundles are set farther apart,liys2a6 cells apart and commonly touch
the hypodermis. When 3 tiers of fiber bundles aes@nt, the same two tiers as described

before are present, but have a third, irrequlgrhced middle tier (Figure 7D). This third
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tier consists of a relatively large bundle, usudly-69 fibers thick, and occurs at the
boundary of the palisade and spongy mesophyll.

StegmataHat-shaped silica bodies; in files lining non-aalarized fiber bundles
(Figure 7H).

Midrib: Ovoid to teardrop-shaped midrib; swollen portextending abaxially
(Figure 7E). Vascular cylinder comprised of (8) 28-peripheral vascular bundles each
with a dense fiber cap uniting to form a singlesiefiber sheath around entire midrib;
restricting mediolaterally. Vascular cylinder wiingle central vascular bundle with 1 or
2 prominent phloem strands, 1-3 xylem vessel elésraamd up to 8 metaxylem vessels;
dense fiber cap ca. 10 fibers thick arranged orofoascular bundle and wrapping
around phloem strand(s). Surrounding the centrsd¢wlar bundle, but free from the
peripheral ring are 1-4 (13) vascular bundles; eathup to 3 metaxylem vessels and 1
or 2 phloem strands. Parenchyma abundant betweralceascular bundle and

peripheral vascular bundles.

Morphological Variation inAiphanes minimdrom the Lesser Antilles

Prickles examined in the stem, peduncle, rachiglaoedghout seedlings revealed a
slight invagination of the tissue where the pridhdel once been pressed tightly against the
plant before being exposed. This indicates thaptioiles are not vascularized, and that
they arise from epidermal and subepidermal layeveiy juvenile stages of development.
As the plant grows, the prickle expands withintligvrapped layers of the palm and

creates an impression on the plant’s surface.iftpsesion remains after the prickle has
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sprung away from the axis. For this reason, aligHapine-like” appendages throughout
this palm are considered prickles.

When morphological characters from the PCA werétgdh all OTUs along
principal components 1-3 create a large cloud oftp@mn the chart (Figure 8A, B). No
distinct groups can be observed in either view. Jpiread of these data suggest that the
Lesser Antillean species form a large, variablglsispecies.

When repeating the PCA and sorting variables bytgurom which they were
collected in, one can see that the clusters shiomgeographical separation (Figure 8C,
D). The palms from Dominica, Martinique and St. iauform a cluster (cluster Y). The
palms from Barbados and St. Vincent form a closelghboring cluster (cluster X).
Because these clusters are placed so closely argetdistinguishable without
assignment of island, they suggest that theree@éinual range of morphological
variability and that neither group is entirely dist from the other.

The most discriminating variables contributinghstPCA of morphological
characters of matuiphanes minim@alms on the first principal component were
segment length, distil leaflet length and segmedtiw(Table 1). Number of rachillae
and peduncle length provided the most variancénersécond principal component
(Table 1). Flowering portion length contributed tbast in separating the clusters in this
analysis, and was plotted on the third principahponent (Table 1). All contributing
variables were marginal and failed to isolate glsimlistinct cluster.

T-tests show that there is a significant differeaneong the means of these

variables between clusters at P <0.05 (Table 2)ehe’s test revealed that the characters
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for peduncle length (P = 0.001) and number of tehi{P = 0.002) were the only two
characters where equal variances were not assuPre@.Q5 for Levene’s test). Equal
variances were assumed for distal leaflet lendpivering portion length, peduncle
diameter, rachillae length, segment length and segmvidth, and unequal variances
were assumed for number of rachillae and peduealgth. The variation between mean
values for each character is displayed in box-ahasker plots (Figure 9). Although
overlap occurs among most of the variables betweetwo clusters, the mean values for
palms emphasize that cluster X is comprised oelapgims. The figure also displays that
cluster Y is more variable than cluster X.

A comparison of characters for this morphologicalgsis show major
overlapping between most characters, but a distgtegation of mean values (Table 3).
Distal leaflet length is similar between clusteaid Y. Length of the flowering portion
of the inflorescence is more variable betweenwwedusters. Palms in cluster X have a
larger mean flowering portion of inflorescence tleauster Y. The number of rachillae
account for the most distinctive character betwibertwo clusters being compared;
cluster X palms support up to 346 more rachillantbluster Y palms. Accommodating
for the greater number of rachillae, the mean peldutiameter of palms in cluster X is
nearly twice the size of that in cluster Y. Pederlehgth in cluster X is nearly entirely
included in the range of peduncle lengths for elust Rachillae length measurements
show minimal distinction, but on average, clustgpafms display longer rachillae.

Lastly, segments from palms in cluster X are gdhel@ger and wider than segments

on palms in cluster Y.
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Pollen Morphology

When pollen from Barbados (Figure 10), Martinigg&g(re 11), St. Lucia
(Figure 12) and St. Vincent (Figure 13) were exadjAiphanes minimaollen showed
no morphological variation among specimens. | hagallen grain images fdk.
minimafrom Dominica because | was unable to obtain fiewhn all specimens, pollen
grains were ellipsoidal with a distal sulcus apertdhe ectexine was unbroken and
perforated. The image of a pollen grain from Shadéint shows patches of the same
morphology as the other islands, but appears Soéisf different in my images due to
the Ubisch bodies covering the surface, as a re$udisidual sporopollenin on this

immature pollen grain yet to be released from titber.

Morphological Variation among SeedlingsAiphanes minimdrom the Lesser Antilles

The presence of prickles on seedling leaves apgé¢aree variable among
populations. Prickle counts on the adaxial surfgaeophylls from this study ranged
from 0-26 prickles, and 0—15 prickles on the aldesugface. A seedling investigation of
specimens collected from the Lesser Antilles, idirig seeds collected in the field and
germinated at Fairchild Tropical Botanic Gardenwadl as vouchered seedlings were
examined for similarities.

A principal component analysis of 84 seedlings e@sducted twice. In one
investigation, 23 variables were included (TableTis investigation yielded the
greatest amount of variance on the first princqmehponent as attributed to eophyll
length and width, eophyll distal leaflet margindém the length and width of the second

leaf, the length of the petiole and rachis of theosid leaf, total plant height and
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maximum prickle length, which accounted for 84%ha total variation of the analysis
(Table 4). The second principal component accoufttied% of the total variation as
seen primarily through eophyll petiole length, nembf adaxial prickles on the third

leaf, length and width of the third leaf and radeisgth of the third leaf. The third
principal component only accounted for 2% of thalteariation of the characters used in
this analysis as seen through the number of psakitethe adaxial and abaxial surface of
the eophyll and second leaf, and the number okiascon the abaxial surface of the third
leaf.

When plotted, these results revealed a slight aéiparof data points according to
island, with seedlings from Martinique and St. lauseparating from the mass of points
from Barbados, Dominica and St. Vincent (Figure. These results are similar to those
of the mature palm analysis, although the bountiaeg between groups are even more
ambiguous. Inconsistent with the mature palm amalgshe lumping of Dominica
seedlings with the Barbados and St. Vincent segslliihis slight segregation of
seedlings by island is indicative of the beginnin§ispecies differentiation, but because
distinct clusters are not apparent, the evidenoeti€ompelling enough to declare two
separate taxa.

In a second PCA designed to utilize prickle cowsts differentiating factor, the
same 84 seedlings were used, but this time only évitariables (Table 5). Because such
a stark contrast existed among seedlings with l@scand those without, the only
variables considered for this analysis were limitethe number of prickles counted on

the adaxial and abaxial surfaces of the eophyti{ feaf and third leaf. Prickles were used
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comparatively, regardless of age of the seedlirgabse the number of prickles on a leaf
does not vary from emergence to senescence oédlffie |

Results of this second analysis reveal that 80%efariation on the first
principal component can be attributed to the nunotb@daxial prickles on all three
leaves. The second principal component accommo®8é&tesf the total variation from the
eophyll and second leaf only. Lastly, the thirchpippal component accounts for 5% of
the total variation of all characters looked at &hostly accommodated by the number
of prickles on the abaxial surface of the third.|&8hen plotted, there are no distinct
groups or patterns evident, signifying that vaoatin prickles among seedlings is too
minimal to draw inferences pertaining to speciegegation or population differences

(Figure 15).

5. DISCUSSION

The results of the anatomical analysis suggesbamaeal variation throughout the
entire species across the Lesser Antilles. Aftexdansive anatomical review of
Aiphanespalms in the Lesser Antillean region, | found ng k@atomical characters
suggesting a segregation of taxa. Results showhbet is variation throughout the
islands, within the islands and within the palmsasn with fiber bundle arrangement in
one, two or three tiers, and the distinction ofgzale from spongy mesophyll being weak
or well defined. This variation can be explainedliy different habitats of these palms:
wet rainforest versus seasonally wet forest. P&lom wet rainforests have thicker and
more fibrous leaflets, whereas those from seaspwadt forests have thinner leaflets

with fewer fibers.
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Exposure of palms to light may also result in amatal variation. Young palms
in the understory will receive far less light thmmature palm, which has emerged
through the low canopy. Furthermore, thAgghanegend to grow on steep slopes,
exposing them all the more to full or partial sghti. The distinction of a well-defined
palisade layer can be attributed to the leavesitiravhile being exposed to light. It is a
well-known fact that leaves exposed to light during time of differentiation of
mesophyll layers will result in a distinctively tiifent palisade layer form the spongy
mesophyll layer (Esau 1953). Collectively, thesknsavary anatomically in ways that do
not suggest more than a single species.

Data from the mature palm vegetative characteryaizaare suggestive of two
taxa throughout the Lesser Antilles. Vegetativerabiers strongly supporting this
distinction included segment length, segment widistal leaflet length for the first axis
(explaining 95.0% of the total variation throughthe palms), peduncle length and the
number of rachillae (explaining 2.1% of the vaoatior these palms) and lastly,
flowering portion length (explaining a mere 1.5%lué total variation throughout these
palms). For each of these characters, there i9aonws distinction in the mean values,
which is what segregates the OTUs into statisyadiBtinct clusters. However, the range
of these characters for each cluster is broadlylapging, making them impossible to
use as key characters for distinguishing taxa.

The only morphological character that revealed disbinct ranges for the
identified clusters was rachillae number. A diffeze of 10 rachillae, or a mere 2%
difference with regards to the ranges of rachitlaents for cluster X and cluster Y

separate these two clusters. This 2% differencadhillae count alone (which only
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accounts for less than 2% of the total vegetatargation across all of these palms) with
no other corroborating morphological, anatomicabalynogical characters is
insufficient for separating two species. The appeee of two taxa is likely artifactual, as
more collections might obscure the difference. Tleatral Limit Theorem suggests that
the greater the sampling, the more normally distetd a range of measurements will be.
Although sampling for this study was ambitious aodbled the world’s collection of
museum specimens of this species, further colleasm only minimize the separation of
these two extremes of rachillae count. With furtb@tection and analysis of these
populations, the ranges for the number of rachiNdkeencroach on each other and
become less defined. It is also likely that the imedalues for all of these vegetative
characters will converge with more extensive caiteg and the biogeographic
distinction of palms among islands will become lésBned.

The overlapping ranges seen through the majorith@tharacters analyzed in
this study provide overwhelming support in mainitagna single, variable species of this
palm in the Lesser Antilles. The evidence of a rwal morphological group of points
on the PCA chart, regardless of island origin, slacventinual gradient of morphological
change, which isolates two extremes of morpholdgiagation on either end of the
range. These extremes are what segregate the tsterd, but the intermediate points are
what indicate that this is only a single species.

Past studies have shown that phenotypic variationbe observed over a
latitudinal gradient (Li et al. 1998, Fritsch & Las 2000, Sapir et al. 2002, Montague et
al. 2008, & Zhen & Ungerer 2008). Data from thiglgsis show clinal variation of this

palm throughout the Lesser Antillean within thetlates of 13° and 15° north. Although
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two extremes of this palm appear between northednsauthern islands, there is a
gradual blend of morphological characters from ene of the gradient to the other, as
seen through the gross overlapping of ranges arloagcters between clusters. Endler
(1977) suggested that variation in phenotypic fiestis most pronounced over latitudinal
gradients. As observed through the palms on thedsl visited in this study, Endler’s
observation holds true. The northern-most islang Bxaminica at 15° north latitude,
followed by Martinique at 14° north latitude, Sudia at 13° north latitude, and trailed
slightly farther south by a difference of aboutrihutes by St. Vincent and Barbados at
13° north latitude. Although 15°-13° is a smalituainal gradient, clinal variation is
evident with the smaller palms on the islands fartiorth and the larger palms on the
two southern-most islands. Charles-Edwards (198@)ested that daily radiation and
average daily temperature are linearly correlavedinal variation on latitudinal
gradients. Further studies are needed to see ifiawdainfall, solar radiation and air
temperature affect the variation observediphaneshroughout the Lesser Antilles.

Further support for maintaining only a single taxidnhis palm in the Lesser
Antilles comes from the results of the pollen marplgy analysis. SEM of pollen grains
revealed no indication of multiple speciesAgbhaneson these islands. As pollen
morphology is known to vary amomgphanesspecies (Borchsenius & Bernal 1996), the
lack of morphological variation observed in LesAatillean species is further support
for maintaining a single species.

A statistical analysis of seedling morphology supga only slight differentiation
between taxa according to island, but suggestedhadly distinct clusters, as seen with

the results of the adult morphological analysis.ahalysis of the seedlings revealed
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much variation throughowtiphanesn the Lesser Antilles with regards to the numdifer
prickles on both the abaxial and adaxial leaf sig$a but again, no unequivocal
biogeographical pattern was observed, and no otlegphological or anatomical
characters correlated with prickle number. Theltesf the morphological analysis,
including prickle counts, failed to reveal cleannroverlapping evidence that more than a
single taxon oAiphanesshould be recognized.

A conservative approach, recognizing only a sisglecies oAiphanesn the
Lesser Antilles, has been implemented in an eftogreserve nomenclatural stability.
Many times before, taxonomists have divided th@ugrof palms into separate species
with only single specimens to support their decisibhis study examined dozens of
specimens, both in the herbarium and in the fihdl analyzed the morphology using
powerful statistics, something no taxonomist haer @lone before for this species.
Nevertheless, although the statistics discern t@as, it is my interpretation that the
distinctions are inadequate and of no use in daditaxa, being that they are based on
median values and overlapping ranges. Median vateesseful when characterizing a
population of individuals, but they are of littleaiin assigning an individual to a
population or species. The utility of the taxonosetieme is of primary importance, and
so having scrutinized both anatomy and morpholdghese palms, | cannot recognize

more than one taxon éfiphanesn the Lesser Antilles.
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Table 1. Component Loadings of PCA of MatureAiphanes minima
Morphological Characters

Variation in component loadings are what are ptbtiet on axis 1, 2 and 3 of the
scatterplot. Component loadings displaying thetgstaamount of variation are
encompassed by axis 1. Axis 1 accounts for 95%epfdtal variation among
morphological characters and is predominantly attarzed by segment length, width,
and distal leaflet length. Axis 2 separates charamtcording to the greatest amount of
variation that were not encompassed in axis 1. 2x@gscompasses 2% of the total
variation of all characters in this analysis. ARisncompasses 1.5% of the total variation
of this analysis, which was due mostly to the larmftthe flowering portion of the
inflorescence. Cumulative percentages show how rtatehvariation each consecutive
axis accommodates for all character looked at.

Component Loadings Axis1l Axis2 Axis B
Segment Length (cm) 0.600*  0.139 -0.p7
Segment Width (cm) 0.419* -0.200 -0.08
Distal Leaflet Length (cm) 0.471* 0.386 -0.505
Peduncle Length (cm) 0.194 0.486* 0.565
Peduncle Diameter (cm) 0.224 -0.429 0.914
Flowering Portion Length (cm) 0.270 -0.250 0.495*
# Rachillae 0.111 -0.516* -0.237
Rachillae Length (cm) 0.262 -0.210 0.3p4
Eigenvalues 102.915 2.321 1.6p7
Percentage 95.016 2.143 1.502
Cum. Percentage 95.016 97.159 98.662

*Denotes major contributing character values at(P0%
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Table 2. Independent Samples Test fohiphanes minimaMature Palm
Vegetative Analysis

Levene’s test was conducted to determine if eqaaamces were assumed or not
assumed for the t-test. Peduncle length and nuoflrachillae are the only two
characters where equal variances were not assurvtedts determined that the
difference between mean values for charactersah elaister were significantly different
(p < 0.05). An asterisk signifies which p-value wiagd to determine significance in
accordance with the results from Levene’s test.

Levene's Test
for Equality of
Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. T df tailed) Difference | Difference
Segment Equal variances | 4 706 | 0404 | 5.121 59 | 0.000* 12.677 2.476
Length (cm) | assumed
Equal variances 5.631 | 28.386 0.000 12.677 2.251
not assumed
Segment Equal variances | 5 o7 | 0162 | 8127 59 | 0.000* 2.399 0.295
Width (cm) [ assumed
Equal variances 7.299 | 20.356 0.000 2.399 0.329
not assumed
Distal Equal variances | ¢ 331 | 0567 | 2.775 59 | 0.007* 3.850 1.387
Leaflet assumed
Length (cm) | Equal variances 2.980 | 27.073 | 0.006 3.850 1.292
not assumed
Peduncle | Equal variances | 15 555 | 0001 | -6.187 59| 0000| -70.449 11.387
Length (cm) | assumed
Equal variances -9.203 | 56.900 | 0.000* -70.449 7.655
not assumed
Peduncle | Equal variances | 195 | 0666 | 9.500 59 | 0.000* 0.6609 0.0696
Diameter assumed
(cm) Equal variances 9.443 | 23597 |  0.000 0.6609 0.0700
not assumed
Flowering | Equal variances | 554 | 9991 | 2493 50 | 0.015* 16.284 6.531
Portion assumed
Length (cm) | Equal variances 2518 | 24221 | 0.019 16.284 6.468
not assumed
#Rachillae | Equal variances | ) 538 | 0002 | 18.435 59 | 0.000| 194723 10.563
assumed
Equal variances 13.432 | 16.418 | 0.000* | 194.723 14.497
not assumed
Rachillae | Equalvariances | 415 | 0437 | 3506 59 | 0.001* 8.755 2.497
Length (cm) | assumed
Equal variances 3.282 | 21532 | 0.003 8.755 2.668
not assumed

'Boldface font signifies equal variances were nstiased for Levene's test (P <0.05)
*Denotes significance value used for t-test (P §p.0
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Table 3. Descriptive Statistics forAiphanes minimaMorphological Analysis

Characters are divided into ther assigned cluskews:Y. For each character, the
median, minimum, and maximum values, as well a®teeall range, are provided
according to its assigned cluster.

Minimum | Maximum
Character Cluster | Median Value Value Range
Distal Leaflet Length (cm) é 32421 1491 23 12
Flowering Portion Length (cm) é ;2; gg 13‘51 573;
Number of Rachillae é 222 133 igg ﬁé
. X 1.3 0.9 1.7 0.8
Peduncle Diameter (cm) Y 0.6 0.3 1.4 1.1
Peduncle Length (cm) é lijg ;g 238 123
Rachillae Length (cm) é 22; 1;1 g? ;233
Segment Length (cm) é 2?2 22 32 :29,2
Segment Width (cm) é ;:73 g 13 j
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Table 4. Component Loadings of PCA oAiphanes minimaSeedlings
Morphological Characters

Variation in component loadings are what are ptbtiet on axis 1, 2 and 3 of the
scatterplot. Component loadings displaying thetgstaamount of variation are
encompassed by axis 1. Axis 1 accounts for 83.6%eofotal variation among
morphological characters and is predominantly attarezed by eophyll length, width,
eophyll distal leaflet margin, leaf 2 length, widtbaf 2 petiole length, leaf 2 rachis
length, total plant height, and maximum pricklegm Axis 2 separates character
according to the greatest amount of variation Were not encompassed in axis 1. Axis 2
encompasses 7.3% of the total variation of all ati@rs in this analysis. Axis 3
encompasses 2.2% of the total variation of thidyaisa Cumulative percentages show
how much total variation each consecutive axis aenodates for all character looked at.
The first three axis account for 93% of all vawatidisplayed by the 23 morphological
characters analyzed.

Component Loadings Axis1l Axis?2 Axis 3
Eophyll Adaxial Prickles 0.146 0.156 0.434*
Eophyll Abaxial Prickles 0.045 0.055 0.359*
Eophyll Length (cm) 0.248* -0.250 0.029
Eophyll Width (cm) 0.256* -0.191  0.248
Eophyll Distal Leaflet Margin (cm) 0.272* -0.264  0.080
Eophyll Petiole Length (cm) 0.164 0.037 -0.002
Eophyll Rachis Length (cm) 0.260 -0.296* 0.020
Leaf 2 Adaxial Prickles 0.183 0.224 0.298*
Leaf 2 Abaxial Prickles 0.055 0.067 0.426*
Leaf 2 Length (cm) 0.273* -0.154 -0.101
Leaf 2 Width (cm) 0.261* -0.021  0.010
Leaf 2 Distal Leaflet Margin (cm) 0.228 -0.165 -0.066
Leaf 2 Petiole Length (cm) 0.245* -0.089 -0.155
Leaf 2 Rachis Length (cm) 0.289* -0.144 -0.151
Leaf 3 Adaxial Prickles 0.147 0.264*  0.076
Leaf 3 Abaxial Spines 0.087 0.187 0.300*
Leaf 3 Length (cm) 0.184 0.257* -0.198
Leaf 3 Width (cm) 0.175 0.275* -0.133
Leaf 3 Distal Leaflet Margin (cm) 0.181 0.243 -0.162
Leaf 3 Petiole Length (cm) 0.114 0.163 -0.229
Leaf 3 Rachis Length (cm) 0.189 0.271* -0.217
Plant Height (cm) 0.250* 0.158  0.007
Maximum Prickle Length (cm) 0.260* 0.293 -0.061
Eigenvalues 91.58 7.983 2.434
Percentage 83.59 7.287 2.221
Cum. Percentage 83.59 90.878 93.099

*Denotes major contributing character values (pG5p
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Table 5. Component Loadings of PCA oAiphanes minimaSeedlings Prickle
Counts

Variation in component loadings are what are ptbtiet on axis 1, 2 and 3 of the
scatterplot. Component loadings displaying thetgstaamount of variation are
encompassed by axis 1. Axis 1 accounts for 80%sepfdtal variation among
morphological characters and is predominantly attarezed by prickles counted on the
adaxial surface of the eophyll, leaf 2 and leah8s 2 separates character according to
the greatest amount of variation that were not empassed in axis 1. Axis 2
encompasses 8.2% of the total variation of all ati@rs in this analysis. Axis 3
encompasses 5.1% of the total variation of thidyarsa Cumulative percentages show
how much total variation each consecutive axis aenodates for all character looked at.
The first three axis account for 93% of all vanatidisplayed by the 6 morphological
characters analyzed.

Component Loadings Axis 1 AXxis 2 Axis 3

Eophyll Adaxial Prickles 0.492* -0.052 -0.434
Eophyll Abaxial Prickles 0.179 0.703* -0.139
Leaf 2 Adaxial Prickles 0.588* -0.152 -0.386
Leaf 2 Abaxial Prickles 0.223 0.608* 0.232
Leaf 3 Adaxial Prickles 0.471* -0.331 0.436
Leaf 3 Abaxial Prickles 0.329 0.031 0.632*
Eigenvalues 10.803 1.104 0.684
Percentage 79.974 8.173 5.063
Cum. Percentage 79.974 88.147 93.21

*Denotes major contributing character values (pG5p
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Figure 1. Distribution of Aiphanes minimaSamples from Barbados Map

Data from both field-collected material and herbarispecimens were used in
creating this map. Palm location markers vary atiogrto accuracy of collection
location. “Calculated in Field” denotes exact GP8rdinates recorded at time of
collection; “Estimated by City” means that the ex@®S coordinates were not available,
but the city within which the collection was madasxecorded at time of location.

BARBADOS
Palm Location
Y¥  Calculated in Field
QO  Estimated by City
Elevation (Meters)
High : 341

Low : -2

0 1 2 4 6
Miles N
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Figure 2. Distribution of Aiphanes minimaSamples from Dominica Map

Data from both field-collected material and herbarispecimens were used in
creating this map. Palm location markers vary atiogrto accuracy of collection
location. “Calculated in Field” denotes exact GP8rdinates recorded at time of
collection; “Estimated by City” means that the ex@®S coordinates were not available,
but the city from which the collection was made wesorded at time of location;
“Estimated by Country” signifies that the exactdton of the palm collected is not
known, but it was collected within the represent&tiountry (these collections are
always represented by a marker within the centénetountry).

DOMINICA
Palm Location
Y¥ Calculated in Field
O Estimated by City
D Estimated by Country
Elevation (Meters)
High : 1425

Low :-16
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Figure 3. Distribution of Aiphanes minimaSamples from Martinique Map

Data from both field-collected material and herbarispecimens were used in
creating this map. Palm location markers vary atiogrto accuracy of collection
location. “Calculated in Field” denotes exact GP8rdinates recorded at time of
collection; “Estimated by City” means that the eéx@®S coordinates were not available,
but the city from which the collection was made wasorded at time of location;
“Estimated by Country” signifies that the exactdton of the palm collected is not
known, but it was collected within the representatountry (these collections are
always represented by a marker within the centénetountry).

55



MARTINIQUE

Palm Location
$¢ Calculated in Field
(O Estimated by City
D Estimated by Country
Elevation (Meters)
High : 1381

Low : -18

12
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Figure 4. Distribution of Aiphanes minimaSamples from St. Lucia Map

Data from both field-collected material and herbarispecimens were used in
creating this map. Palm location markers vary afiogrto accuracy of collection
location. “Calculated in Field” denotes exact GB8rdinates recorded at time of
collection; “Estimated by City” means that the ex@®S coordinates were not available,
but the city from which the collection was made weasorded at time of location;
“Estimated by Country” signifies that the exactdton of the palm collected is not
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known, but it was collected within the represent&tiountry (these collections are
always represented by a marker within the centénetountry).

SAINT LUCIA
Palm Location
f{ Calculated in Field
O Estimated by City
|:| Estimated by Country
Elevation (Meters)
High : 867

Low :-18

Figure 5. Distribution of Aiphanes minimaSamples from St. Vincent Map

Data from both field-collected material and herbarispecimens were used in
creating this map. Palm location markers vary atiogrto accuracy of collection
location. “Calculated in Field” denotes exact GB8rdinates recorded at time of
collection; “Estimated by City” means that the ex@®S coordinates were not available,
but the city from which the collection was made wesorded at time of location;
“Estimated from Nearby City” means that the exacttion, nor city of the collection is
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known, but collection information such as a rivenmuntain was provided, which
suggest the collection’s approximate location tg nearby the field notes provided.

SAINT VINCENT &
THE GRENADINES
Palm Location

S¢ Calculated in Field

(O Estimated by City

< Estimated from Nearby City
Elevation (Meters)

High : 1209

. Low :-10

¥
.
,,
= o
et ntics IN

58



Figure 6. Seedling Armament inAiphanes minima
A. A seedling with prickles on the eophyll and engueavesB. A seedling
without prickles on its eophyll or subsequent leave
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Figure 7. Leaf Anatomy of Aiphanes minima

A. Transverse section. Single large vascular bundtesingle xylem vessel
element and one phloem strand, single tier of vastundles enveloped by ca. 28
inflated parenchyma cells in vascular sheath. Laggeular bundle flanked by 2 small
vascular bundles to the left and a single smakkwas bundle to the right. Each small
vascular bundle with a single tier of fibers andath of inflated parenchyma cells (ca. 7—
14 cells). Scale bar 200 umB. Transverse section of lamina showing single tidiber
bundles at boundary between palisade and spongyphgsand in line with small
vascular bundle. Scale bar 100 Wn.Transverse section of lamina with tier of small
fiber bundles in line with boundary of palisade apdngy mesophyll, and a tier of larger
fiber bundles one cell away from abaxial hypoderi8isale bar 100 unid. Transverse
section of lamina displaying 3 tiers of fiber bugslltier of small fiber bundles ca. single
cell layer beneath adaxial hypodermis; tier of ¢éafiper bundles regularly spaced and 1—
2 cell layers away from abaxial hypodermis; singkediolateral tier of fiber bundles is
irregularly spaced with a single large fiber bundiépicted here. Scale bar 100 Wn.
Transverse section of midrib. Single central vamchundle with single large xylem
vessel element and 2 phloem strands capped byiees ®f fibers. Dense ring of fibers
envelopes vascular cylinder; ring ca. 7 fiberskhwith mediolateral constriction. Dense
fiber ring comprised of 9 peripheral vascular besdhith O or 1 xylem vessel elements
and single phloem strand. Between central vastwiadle and peripheral vascular
bundles are 2 “floating” vascular bundles, one Wwedmd one above central vascular
bundle; 1 or 2 xylem vessel elements and singlegrhistrand. Scale bar 200 u.
Epidermal scrape of abaxial epidermis. Showing edehsstering of stomata and
irregularly shaped epidermal cells. Scale bar 100G. Epidermal scrape of adaxial
epidermis displaying spindle-shaped, isodiamepidermal cells. Scale bar 100 ukh.
Longitudinal section of lamina showing two fibemulles encased in lines of hat-shaped
stegmata. Scale bar 100 umTrichome on abaxial surface of lamina. Trichome
supported by a uniseriate stalk, multi-cullularkdigth 6 arms radiating off of it and
tapering distally (caudate tips broken off in hamgllof material). Scale bar 100 um.
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Figure 8. 3D Scatterplot of PCA of Morphological Chaacters of Mature
Aiphanes minimalndividuals

A. Morphological characters of mature palms analyxgewing Axis 1 and Axis
2; no distinct clusters are apparé®itMorphological characters of mature palms
analyzed. Viewing Axis 2 and Axis 3; no distincisiers are apparer@. Results in “A”
classified by the island in the Lesser Antilles vehthe specimen was collected. The two
clusters are identified between the northern amthson islands, but with little
distinction other than by islanB. Results in “B” classified by the island in the Less
Antilles where the specimen was collected. Thdrdison between the two clusters is
less apparent. Palms from both Barbados and Doanbegin to merge with the opposite
cluster.
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Figure 9. Box-and-Whisker Plots of Variation amongVariables Between
Clusters

Each box displays range of measurements recordexhét morphological
character. Characters are separated into two rangesh box to represent cluster X
(cluster ID = 1.00) and cluster Y (cluster ID =@.0Median values are represented by
bold line through shaded region of each rageDisplays ranges for distal leaflet
length. Median measurement for cluster X = 27.5 ki@dian measurement for cluster Y
= 22.4 cmB. Displays ranges for flowering portion length oflanescence. Median
measurement for cluster X = 73 cm. Median measunéfe cluster Y = 56.8 cnC.
Displays ranges for number of rachillae on infloersce. Median count for cluster X =
247 rachillae. Median count for cluster Y = 34 riddlab. D. Displays ranges for peduncle
diameter. Median measurement for cluster X = 1.4Median measurement for cluster
Y = 0.6 cm.E. Displays ranges of peduncle length. Median measeme for cluster X =
44 cm. Median measurement for cluster Y = 110.5FknRisplays ranges for rachillae
length. Median measurement for cluster X = 29 craddn measurement for cluster Y =
22 cm.G. Displays ranges for segment length. Median measemefor cluster X = 69
cm. Median measurement for cluster Y = 56.5 EimDisplays ranges for segment width.
Median measurement for cluster X = 7.9 cm. Medi@asarement for cluster Y = 5.3
cm.
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Figure 10.  Scanning Electron Micrograph of Pollen Gains from AiphanesPalm

in Barbados
The partial pollen grain in the bottom left corier distal view showing part of a
sulcus aperture. The full pollen grain in the cenfehe image is the proximal face of the

grain.
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Figure 11.  Scanning Electron Micrograph of Pollen Gains from AiphanesPalm
in Martinique

This is the proximal face of a pollen grain fréiphanes minimaollected in
Martinique. Artifacts on the surface of the grdiglstly obscure the image, but the
perforated ectexine can still be seen.
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Figure 12.  Scanning Electron Micrograph of Pollen Gains from AiphanesPalm
in St. Lucia

This is the proximal face of a pollen grain fréxphanes minimaollected in St.
Lucia. Note the perforated ectexine.
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Figure 13.  Scanning Electron Micrograph of Pollen Gains from AiphanesPalm
in St. Vincent

This is the proximal face of a pollen grain fréxphanes minimaollected in St,
Vincent. The pollen grain was collected from an iatane flower, and as a result, the
immature pollen grain had not been released fraatither. Subsequently, Ubisch
bodies (excess/residual sporopollenin) cover themtyof the pollen grain’s surface.
The bottom portion of the pollen grain in this ineaghows a patch of the outer part of the
exine. Here one can see the perforated ectexine.
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Figure 14. 3D Scatterplot of Morphological Charactes of Aiphanes minima
Seedlings

A PCA analysis of 84 seedlings and 23 variablesvsheery little distinction of
clustersA. Slight separation of St. Lucia and Martinique seg can be observed when
viewing Axis 1 and Axis 2. The placement of Domageedlings in the Barbados/St.
Vincent cluster and a few seedlings from both Bddsaand St. Vincent in the
Martinique/St. Lucia cluster suggest that thesaltegannot be considered an accurate
separation of seedlingB. A comparison of Axis 2 and Axis 3 blur the boundbetween
any preconceived clusters. Overlap of seedlings fadl islands suggest that seedling
morphology cannot be a basis of species separation.
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Figure 15. 3D Scatterplot of Prickle Counts oAiphanes minimaSeedlings

A PCA of 84 seedlings and 6 variables pertainintheonumber of spines on
either the abaxial surface or adaxial surface effitist 3 leaves of the seedlings is
representedA. No distinct clusters can be identified from a congmn of Axis 1 and
Axis 2.B. A view of Axis 2 and Axis 3 reconfirms what was dged in “A.”
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Appendix A Morphological Data for Mature Palm PCA

Segment Segment Distal Leaflet
Stats ID # | Country/State | Elevation (m) | Length (cm) | Width (cm) | Length (cm)
3 Dominica 533 38 5.1 24
6 Dominica 200 54 4.3 32
7 Dominica 200 48 4.3 23
8 Dominica 247 60 6 29
9 Barbados 444 67 6.7 31
10 Barbados 444 74 7.9 34
11 Barbados 444 62.5 8.5 22
12 Barbados 444 58 6.1 28
13 Barbados 159 64.5 8.2 28.2
14 Barbados 199 76 8.5 26
15 Barbados 179 66 8.1 27.5
16 Barbados 228 71 9.8 25
17 St. Vincent 436 74 6.7 29
18 St. Vincent 436 80 9.2 29.5
20 St. Vincent 343 76 7.6 22
21 St. Vincent 200 69 9 21
22 St. Vincent 200 77 6.9 23.5
27 St. Lucia 933 48 5.1 20.5
28 St. Lucia 933 50 4.7 21.8
29 St. Lucia 933 55 5.8 23.4
30 St. Lucia 900 61 6 27
31 St. Lucia 900 62 5.4 18
32 St. Lucia 900 65 7 24
33 St. Lucia 706 41 3.4 17
34 St. Lucia 699 70 4.7 22
35 St. Lucia 698 46 4.7 16
36 St. Lucia 459 41 5 15
37 St. Lucia 459 45 5.8 14.5
38 St. Lucia 478 62 5.4 21
39 St. Lucia 483 48 6.5 24
40 St. Lucia 483 40 4.8 14.7
41 St. Lucia 272 67 7 14.3
42 St. Lucia 272 63 4.8 26.5
43 St. Lucia 272 48 4.2 26.8
44 St. Lucia 306 60 5.4 314
45 St. Lucia 306 62 4.7 22
46 St. Lucia 306 67 6 19
48 Martinique 583 73 7.2 16.5
49 Martinique 583 67 5.3 25.5
50 Martinique 583 65 5 22.2
Morphological Data for Mature Palm PCA Continued
Peduncle Peduncle Flowering Portion | # Rachillae
Stats ID # | Length (cm) Diameter (cm) | Length (cm) Rachillae | Length (cm)
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3 64 0.5 25 25 19

6 63 0.4 20 20 8

7 68.5 0.5 32.5 27 12.4

8 76 0.4 35 32 9.5

9 45.5 1 61 198 29
10 70 1 76.5 214 37
11 63 1.5 85 283 37
12 67 1.4 50 195 23
13 42 1.4 103 271 38.7
14 40 1.4 92 260 34
15 50 0.9 43 205 18.5
16 50 1.4 96 262 43
17 29 1.1 52 290 26
18 25 1.4 114 229 43
20 23 1 78 247 27
21 16 1.7 65 355 18
22 36.5 1.4 60.5 265 14
27 67 0.4 23 31 7
28 70 0.4 41 37 13
29 143 0.7 57 46 22
30 142 0.8 67 67 23
31 94 0.8 88 65 12
32 155 0.9 71 86 23
33 42 0.6 46 17 16.5
34 154 1.1 97 76 36
35 123 0.8 68 41 27
36 98 0.8 70 82 28.5
37 95 0.7 61 73 14
38 132 0.9 93 67 28
39 107 1.1 90 93 31
40 81 0.6 87 87 31
41 150 1 105 125 37
42 140 0.7 60 76 21
43 103 0.3 47 65 16
44 123 0.7 31 56 11
45 91 0.5 55 78 17
46 148 0.8 49 64 18
48 209 0.9 82 45 27
49 160 0.4 46 14 29.5
50 152 0.6 65 30 34

Morphological Data for Mature Palm PCA Continued
Segment Segment Distal Leaflet
Stats ID # | Country/State Elevation (m) | Length (cm) | Width (cm) | Length (cm)

51 Martinique 629 56 6.8 19.1
52 Martinique 637 58 6.7 20.2
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53 Martinique 637 55 4.8 21
55 Martinique 740 56 5.3 17.8
56 Martinique 775 54 4.5 18.5
57 Martinique 775 60 6.8 30
58 Martinique 532 65 5.2 27
59 Martinique 532 53 5.8 28
60 Martinique 532 58.5 5.5 21
61 Martinique 532 61 5 23
63 St. Lucia 624 67 7 24
70 St. Lucia 497 51 4 30
74 Dominica 17 57.8 6.3 18.5
76 Dominica 283 50.7 4.2 22.5
81 St. Lucia 306 48 4.7 27
95 Dominica 283 50 5.5 15
96 Martinique 700 57 3.5 29
106 Barbados 444 61 6.5 28
107 St. Lucia 306 52.5 5 23
124 St. Lucia 667 60.5 5.7 23
Morphological Data for Mature Palm PCA Continued
Flowering
Peduncle Peduncle Portion Length # Rachillae
Stats ID # | Length (cm) Diameter (cm) | (cm) Rachillae Length (cm)
51 201 1.4 65 48 25
52 122 0.4 66 16 22
53 148 0.5 64 40 25
55 177 0.4 58 21 20
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56 144 0.6 80 31 32
57 182 0.4 50 14 26
58 169 0.6 62 35 27
59 111 0.5 35 9 16
60 129 0.6 56.5 14 26
61 102 0.4 21 10 7
63 20 0.3 32.5 27 11
70 61.5 0.6 32.5 29 10.5
74 64 1.5 47 133 26
76 50 0.6 39 20 25
81 110 0.6 56 30 18
95 89 0.6 43 32 22
96 93 0.5 59 15 30
106 44 1.4 73 182 36.5
107 90 0.5 39 32 12.5
124 86 0.9 98 78 29
Appendix B Descriptive Statistics for Bow-and-Whiskdots
Cluster ID Statistic | Std. Error
Distal Leaflet 1.00 Mean 26.21 1.080
Length (cm) 95% Confidence Interval for Lower
Mean Bound 23.90
ot | 2853
Median 27.50
Variance 17.511
Std. Deviation 4.185
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Minimum 19

Maximum 34

Range 16
2.00 Mean 22.36 0.709

5 -

fﬂsegnn(:onfldence Interval for Ié(())vl:/r(:(rj 20.94

ggﬁﬁé 23.79

Median 22.35

Variance 23.094

Std. Deviation 4.806

Minimum 14

Maximum 32

Range 18
Flowering Portion 1.00 Mean 73.07 5.590

Length (cm) 95% Confidence Interval for Lower

Mean Bound 61.08

ggﬁﬁé 85.06

Median 73.00

Variance 468.745

Std. Deviation 21.651

Minimum 43

Maximum 114

Range 71
2.00 Mean 56.78 3.253

95% Confidence Interval for Lower

Mean Bound 50.23

ggﬁﬁé 63.33

Median 56.75

Variance 486.685

Std. Deviation 22.061

Minimum 20

Maximum 105

Range 85

Descriptive Statistics for Bow-and-Whisker PlotsnGoued
Cluster ID Statistic | Std. Error
# Rachillae 1.00 Mean 239.27 13.923
5 -

ﬁ/lsegnn(:onfldence Interval for E%VJ% 209.40

ggﬁﬁé 260.13

Median 247.00

Variance 2,907.7
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Std. Deviation 53.924

Minimum 133

Maximum 355
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Range 222
2.00 Mean 44.54 4.038
95% Confidence Interval for Lower
Mean Bound 36.41
DPPEr 1 5268
Median 33.50
Variance 749.987
Std. Deviation 27.386
Minimum 9
Maximum 125
Range 116
Peduncle 1.00 Mean 1.300 0.0609
Diameter (cm) 95% Confidence Interval for Lower
Mean Bound 1.169
DPRer 1 g4
Median 1.400
Variance 0.056
Std. Deviation 0.2360
Minimum 0.9
Maximum 1.7
Range 0.8
2.00 Mean 0.639 0.0344
95% Confidence Interval for Lower
Mean Bound 0.570
oPRer 1 0,708
Median 0.600
Variance 0.054
Std. Deviation 0.2333
Minimum 0.3
Maximum 1.4
Range 1.1
Descriptive Statistics for Bow-and-Whisker PlotsnGoued
Cluster ID Statistic | Std. Error
Peduncle Length 1.00 Mean 44.33 4.324
(cm) 95% Confidence Interval for Mean | Lower
Bound 35.06
DPRSr | 5361
Median 44.00
Variance 280.417
Std. Deviation 16.746
Minimum 16
Maximum 70
Range 54
2.00 Mean 114.78 6.317
95% Confidence Interval for Mean | Lower 102.06
Bound
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Upper

Bound 127.51
Median 110.50
Variance 1,835.6
07
Std. Deviation 42.844
Minimum 20
Maximum 209
Range 189
Rachillae Length 1.00 Mean 30.05 2.384
(cm) 95% Confidence Interval for Mean | Lower
Bound 24.93
DPREr | 3516
Median 29.00
Variance 85.226
Std. Deviation 9.232
Minimum 14
Maximum 43
Range 29
2.00 Mean 21.29 1.198
95% Confidence Interval for Mean | Lower
Bound 18.88
DPREr 1 2370
Median 22.00
Variance 65.968
Std. Deviation 8.122
Minimum 7
Maximum 37
Range 30
Descriptive Statistics for Bow-and-Whisker PlotsnGoued
Cluster ID Statistic | Std. Error
Segment Length 1.00 Mean 68.92 1.855
(cm) 95% Confidence Interval for Mean | Lower
Bound 64.94
DPREr | 72,90
Median 69.00
Variance 51.632
Std. Deviation 7.186
Minimum 58
Maximum 80
Range 22
2.00 Mean 56.24 1.275
95% Confidence Interval for Mean | Lower
Bound 53.67
DPPEr | 5881
Median 56.50
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Variance 74.825
Std. Deviation 8.650
Minimum 38
Maximum 73
Range 35
Segment Width 1.00 Mean 7.73 0.298
(cm) 95% Confidence Interval for Mean | Lower
Bound 7.09
sound | 87
Median 7.90
Variance 1.334
Std. Deviation 1.155
Minimum 6
Maximum 10
Range 4
2.00 Mean 5.33 0.138
95% Confidence Interval for Mean | Lower
Bound 5.06
Upper
BSEnd 5.61
Median 5.25
Variance 0.877
Std. Deviation 0.936
Minimum 3
Maximum 7
Range 4
Appendix C Herbarium Loans
c S .5 =
2 S S
2 © 2E 85
B 5 38 3
£ = < &)
GH | Aiphanes minima (Gaertner) Burret | C. G. O. Drude 484 Puerto Rico
GH | Aiphanes minima (Gaertner) Burret | V. Slane 965 St. Lucia
GH [ Aiphanes minima (Gaertner) Burret | M. Hahn 1135 Martinique
GH [ Aiphanes minima (Gaertner) Burret | M. Hahn 347 Martinique
Howard, R. A. & Weaver,
GH [ Aiphanes minima (Gaertner) Burret | R. E. 17935 St. Lucia
Howard, R. A. & Weaver,
GH [ Aiphanes minima (Gaertner) Burret | R. E. 17935 St. Lucia
Howard, R. A. & Weaver,
GH [ Aiphanes minima (Gaertner) Burret | R. E. 17935 St. Lucia
Howard, R. A. & Weaver,
GH | Aiphanes minima (Gaertner) Burret | R. E. 17935 St. Lucia
Howard, R. A. & Weaver,
GH | Aiphanes minima (Gaertner) Burret | R. E. 17935 St. Lucia
GH [ Aiphanes minima (Gaertner) Burret | E. L. Little, Jr. 16305 Puerto Rico
GH | Aiphanes minima (Gaertner) Burret | E. L. Little, Jr. 16305 Puerto Rico
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BH | Aiphanes minima (Gaertner) Burret | Bailey 584 British Guiana
BH | PHOTOGRAPH ONLY Barbados
BH | Aiphanes minima (Gaertner) Burret | R.W. Read 1357 FG-3094g (?)
BH | Aiphanes minima (Gaertner) Burret | R.W. Read 1357 FG-3094g (?)
BH | Aiphanes minima (Gaertner) Burret | Bailey 584 British Guiana
BH | Aiphanes minima (Gaertner) Burret | Bailey 584 British Guiana
BH | LITERATURE ONLY
BH | Aiphanes minima (Gaertner) Burret | Bailey 584 British Guiana
BH | Aiphanes minima (Gaertner) Burret | Bailey 584 British Guiana
BH | Aiphanes minima (Gaertner) Burret | Douglas Taylor 126 Dominica
BH | Aiphanes minima (Gaertner) Burret | Douglas Taylor 126 Dominica
BH | Aiphanes minima (Gaertner) Burret | Bailey 428 Barbados
BH | Aiphanes minima (Gaertner) Burret | R.W. Read 1357 FTG
BH | Aiphanes minima (Gaertner) Burret | Douglas Taylor 126 Dominica
BH | Aiphanes minima (Gaertner) Burret | Bailey & Bailey 440 Experimental Garden, Summit
BH | Aiphanes minima (Gaertner) Burret | L.H. Bailey 440 St. Lucia
BH | Aiphanes minima (Gaertner) Burret | L.H. Bailey 440 St. Lucia
BH | Aiphanes minima (Gaertner) Burret | Moore 6118 Cuba
BH | Aiphanes minima (Gaertner) Burret | Read 1357 FTG
Santiago de Las Vegas,
BH | Aiphanes minima (Gaertner) Burret | Bailey 337 (Cuba?)
Martinezia corallinia (thought to be
BH | from Martinique) Bailey 15014 Martinique ?
BH | Aiphanes minima (Gaertner) Burret | Beard 230 St. Vincent
BH | Aiphanes minima (Gaertner) Burret | Moore 5849 MBC
Herbarium Loans Continued
c S .5 c
2 S S
= g <5 25
2 8 = 3
Martinezia corallina (thought to be
BH | from Martinique) Bailey 15014 Martinigue ?
BH | Aiphanes minima (Gaertner) Burret | De Armand HullH 2 FTBG RM1468E
BH | Aiphanes minima (Gaertner) Burret | De Armand HullH 2 FTBG RM1468E
BH | Aiphanes minima (Gaertner) Burret | Bailey s.n. Cuba, Santiago de Las Vegas
BH | Aiphanes minima (Gaertner) Burret | Bailey s.n. Cuba, Santiago de Las Vegas
BH | Aiphanes minima (Gaertner) Burret | Bailey s.n. Cuba, Santiago de Las Vegas
BH | Aiphanes minima (Gaertner) Burret | Bailey s.n. Cuba, Santiago de Las Vegas
BH | Aiphanes minima (Gaertner) Burret | Bailey s.n. Cuba, Santiago de Las Vegas
BH | Aiphanes minima (Gaertner) Burret [ Bailey s.n. Puerto Rico
BH | PHOTOGRAPH ONLY Puerto Rico
BH | Aiphanes minima (Gaertner) Burret | Bailey s.n. Puerto Rico
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BH | Aiphanes minima (Gaertner) Burret | Bailey s.n. Puerto Rico
BH | Aiphanes minima (Gaertner) Burret | Bailey s.n. Puerto Rico
BH | Aiphanes minima (Gaertner) Burret | Bailey 484 St. Lucia
BH | Aiphanes minima (Gaertner) Burret | Bailey 428 Barbados
BH | Aiphanes minima (Gaertner) Burret | H.F. Loomis 35 St. Lucia
BH | Aiphanes minima (Gaertner) Burret | Claud L. Horn s.n. Puerto Rico
BH | Aiphanes minima (Gaertner) Burret | Moore 6129 Cuba
BH | Aiphanes aculeata Willdenow Bailey & Bailey 547 Rio de Janeiro
BH | Aiphanes aculeata Willdenow Bailey & Bailey 547 Rio de Janeiro
BH | Aiphanes aculeata Willdenow Bailey & Bailey 547 Rio de Janeiro
BH | Aiphanes aculeata Willdenow Bailey & Bailey 547 Rio de Janeiro
BH | Aiphanes aculeata Willdenow Bailey & Bailey 547 Rio de Janeiro
BH | Aiphanes aculeata Willdenow Bailey & Bailey 547 Rio de Janeiro
BH | Aiphanes minima (Gaertner) Burret | Bailey & Bailey 594 Rio de Janeiro
BH | Aiphanes minima (Gaertner) Burret | Bailey & Bailey 291 Barbados
BH | Aiphanes minima (Gaertner) Burret | Bailey & Bailey 291 Barbados
BH | Aiphanes minima (Gaertner) Burret | Bailey & Bailey 291 Barbados
BH | Aiphanes minima (Gaertner) Burret | Bailey & Bailey 291 Barbados
BH | Aiphanes minima (Gaertner) Burret | Bailey & Bailey 291 Barbados
BH | Aiphanes minima (Gaertner) Burret | Bailey & Bailey s.n. Trinidad
BH | Aiphanes minima (Gaertner) Burret | L.H. Bailey 61 Puerto Rico
BH | Aiphanes minima (Gaertner) Burret | Bailey 337 Cuba
BH | Aiphanes minima (Gaertner) Burret | Bailey & Bailey 352 Barbados
BH | Aiphanes minima (Gaertner) Burret | H.E. Moore 6129 Cuba
BH | Aiphanes minima (Gaertner) Burret | John Beard s.n. Barbados
BH | Aiphanes minima (Gaertner) Burret | R.A. Howard 11696 St. Lucia
Herbarium Loans Continued
c S .5 =
g 33 S
E . 2 £ 83
2 8 O 3
Aiphanes minima (Gaertner)
BH Burret R.E. Lee s.n. St. Vincent
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1059 St. Lucia
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1059 St. Lucia
Aiphanes minima (Gaertner)
MICH [ Burret Pamela Beard 1059 St. Lucia
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1059 St. Lucia
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1059 St. Lucia
Aiphanes minima (Gaertner)
MICH [ Burret Pamela Beard 1374 St. Vincent
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1374 St. Vincent
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1374 St. Vincent
Aiphanes minima (Gaertner)
MICH [ Burret Pamela Beard 1374 St. Vincent
MICH | Aiphanes minima (Gaertner) Pamela Beard 1374 St. Vincent
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Burret

Aiphanes minima (Gaertner)

MICH [ Burret Pamela Beard 1374 St. Vincent
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Herbarium Loans Continued
S 8 c
S 2% Sy
S QL e o =
£ g 35 20
£ k & 8
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
Aiphanes minima (Gaertner)
MICH | Burret Pamela Beard 1058 (?) St. Lucia (?)
NY Martinezia erosa Pere Duss 19 (1882) Martinigue, Saint Pierre
NY Martinezia erosa Pere Duss 3815 (1892) Guadeloupe
Aiphanes minima (Gaertner)
NY Burret G.A. Ramage s.n. St. Lucia
Aiphanes minima (Gaertner)
NY Burret G.A. Ramage s.n. St. Lucia
Aiphanes minima (Gaertner)
NY Burret Dahlem xi 558 West Indies
Aiphanes minima (Gaertner)
NY Burret H. Stehle 2952 Barbados
NY Martinezia erosa Pere Duss 19 (1882) Martiniqgue, Pitons de Carbet
Martinique, Le Lorraine & Le
NY Aiphanes corallina Pere Duss 4136 Morne Rouge
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Martinique, Le Lorraine & Le

NY Aiphanes corallina Pere Duss 4136 Morne Rouge
Aiphanes acanthophylla (Martius)
us Burret O.F. Cook 878 Puerto Rico
Aiphanes minima (Gaertner)
us Burret W.R. Ernst 1701 Dominica
Aiphanes minima (Gaertner)
us Burret W.R. Ernst 1701 Dominica
Aiphanes minima (Gaertner)
us Burret W.R. Ernst 1701 Dominica
Aiphanes minima (Gaertner)
us Burret W.R. Ernst 1701 Dominica
Aiphanes minima (Gaertner)
us Burret W.R. Ernst 1701 Dominica
Aiphanes minima (Gaertner)
us Burret W.R. Ernst 1701 Dominica
Aiphanes acanthophylla (Martius) R.W. Read & R.
us Burret Woodsbury 2055 Puerto Rico
H.F. Loomis 53854;
negatove no. 86729; Cook | 2 photos of trees in 2 different
us PHOTOGRAPH ONLY negative no. 35277 locations
Aiphanes minima (Gaertner)
us Burret W.R. Ernst 1673 Dominica
Aiphanes minima (Gaertner)
us Burret W.R. Ernst 1673 Dominica
Aiphanes minima (Gaertner)
us Burret W.R. Ernst 1673 Dominica
Aiphanes minima (Gaertner)
us Burret W.R. Ernst 1673 Dominica
Herbarium Loans Continued
S g c
c g 8
2 S S
> o £ | S
£ g 55 =0
£ £ = 8
US | Aiphanes minima (Gaertner) Burret | W.R. Ernst 1673 Dominica
US | Aiphanes minima (Gaertner) Burret | W.R. Ernst 1673 Dominica
US | Aiphanes minima (Gaertner) Burret | W.R. Ernst 1673 Dominica
US | Aiphanes minima (Gaertner) Burret | Eggers 7135 Barbados
US | Aiphanes minima (Gaertner) Burret | R.W. Read 74-218 Barbados
US | Aiphanes minima (Gaertner) Burret | Gerrit S. Miller 93 Barbados
US | Aiphanes minima (Gaertner) Burret | Gerrit S. Miller 93 Barbados
US | Aiphanes erosa (Linden) Burret (?) 666a Barbados
US | Aiphanes minima (Gaertner) Burret | M. Hahn 1135 Martinigue
US | Aiphanes minima (Gaertner) Burret | M. Hahn 1135 Martinigue
US | Aiphanes minima (Gaertner) Burret | H. F. Loomis 35 St. Lucia
US | Aiphanes minima (Gaertner) Burret | H. F. Loomis 35 St. Lucia
US | Aiphanes minima (Gaertner) Burret | H. F. Loomis 35 St. Lucia
US | Aiphanes minima (Gaertner) Burret | H. F. Loomis 35 St. Lucia
US | Aiphanes minima (Gaertner) Burret | H. F. Loomis 35 St. Lucia
US | Aiphanes minima (Gaertner) Burret | H. F. Loomis 35 St. Lucia
US | Aiphanes minima (Gaertner) Burret | H. F. Loomis 35 St. Lucia
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US | Aiphanes minima (Gaertner) Burret | H. F. Loomis 35 St. Lucia
N.L. Britton & E.G. Britton
US | Aiphanes minima (Gaertner) Burret | 7829 Puerto Rico
Bactris acanthophylla (Martius) N.L. Britton & E.G. Britton
Uus Burret 7854 Puerto Rico
N.L. Britton & J. A. Shafer
US | Aiphanes minima (Gaertner) Burret | 1701 Puerto Rico
US | Aiphanes minima (Gaertner) Burret | O. Drude 2628 Puerto Rico
US | Aiphanes minima (Gaertner) Burret | O. Drude 2500 Puerto Rico
US | Aiphanes minima (Gaertner) Burret | O. Drude 484 Puerto Rico
US | Aiphanes minima (Gaertner) Burret | John A. Stevenson 2105 Puerto Rico
R.W. Read & R.
US | Aiphanes minima (Gaertner) Burret | Woodsbury 2055a Puerto Rico
R.W. Read & R.
US | Aiphanes minima (Gaertner) Burret | Woodsbury 2055a Puerto Rico
R.W. Read & R.
US | Aiphanes minima (Gaertner) Burret | Woodsbury 2055a Puerto Rico
US | Aiphanes minima (Gaertner) Burret | George P. Goll 1044 Puerto Rico
Elizabeth G. Britton & Delia
US | Aiphanes minima (Gaertner) Burret | W. Marble 396 Puerto Rico
N.L. Britton & John F.
US | Aiphanes minima (Gaertner) Burret | Cowell 396 Puerto Rico
Elizabeth G. Britton & Delia
US | Aiphanes minima (Gaertner) Burret | W. Marble 789 Puerto Rico
N.L. Britton, W.E. Hess, &
US | Aiphanes minima (Gaertner) Burret | Delia W. Marble 2857 Puerto Rico
Herbarium Loans Continued
S g c
c o .=
2 S S
> o £ O =
£ g 35 20
g g o2 3
US | Aiphanes minima (Gaertner) Burret | H.F. Loomis photo 53854 Nassau
US | Aiphanes minima (Gaertner) Burret | C.C. Parry s.n. Dominican Republic
US | Aiphanes minima (Gaertner) Burret | E.L. Ekman 14845 Dominican Republic
US | Aiphanes minima (Gaertner) Burret | E.L. Ekman 14845 Dominican Republic
US | Aiphanes minima (Gaertner) Burret | E.L. Ekman 14845 Dominican Republic
Aiphanes acanthophylla (Martius)
US | Burret Elbert L. Little, Jr 16305 Puerto Rico
Aiphanes acanthophylla (Martius)
US | Burret Elbert L. Little, Jr 16305 Puerto Rico
R.W. Read & R. Woodbury
US | Aiphanes minima (Gaertner) Burret | 2055a Puerto Rico
US | Aiphanes minima (Gaertner) Burret | W.R. Ernst 1709 Dominica
US | Aiphanes minima (Gaertner) Burret | W.R. Ernst 1709 Dominica
US | Aiphanes minima (Gaertner) Burret | W.R. Ernst 1709 Dominica
US | Aiphanes minima (Gaertner) Burret | W.R. Ernst 1709 Dominica
US | Aiphanes minima (Gaertner) Burret | W.R. Ernst 1709 Dominica
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
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US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinigue
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinigue
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinigue
US | Aiphanes martinicensis H.M. Stehle 6474 Martinique
US | Aiphanes martinicensis H.M. Stehle 6474 Martinigue

Appendix D List of Field Contacts

Barbados
Sean Carrington

Professor of Plant Biology & Dean
Faculty of Pure & Applied Sciences
University of the West Indies

P.O. Box 64

Bridgetown, Barbados

Jeff Chandler

Senior Technician

University of the West Indies
P.O. Box 64

Bridgetown, Barbados

Ms. Shontelle Williams

Assistant Project Coordinator

Environment Unit

Ministry of Energy & the Environment

1*' Floor, S.P. Musson Building, Hincks Street
Bridgetown, St. Michael, Barbados
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Dominica

Arlington James
Forestry, Wildlife & Parks Division
Botanic Gardens
Roseau, Dominica

Kalan Ickes
Resident Scientist
Archbold Tropical Research Centre at Springfield
Springfield Plantation
P.O.Box 1594, Roseau
Commonwealth of Dominica

Nancy Osler
Managing Director
Archbold Tropical Research Centre at Springfield
Springfield Plantation
P.O.Box 1594, Roseau
Commonwealth of Dominica

Martinique

Pierre-Olivier ALBANO
President of Ti Palm’
Society of the French Antilles and Guyanne
International Palm Society Affiliate

Georges Pastel
Vice President of Ti Palm’
Society of the French Antilles and Guyanne
International Palm Society Affiliate

St. Lucia
Roger Graveson
La Panache Guest House
Cas en Bas Road
Gros Islet
St. Lucia W.L.

Melvin Smith
Field Assistant to Roger Graveson

St. Vincent
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Brian Johnson
Director of Forestry Department
Campden Park
Kingstown Interstate
St. Vincent W.I.

Fitzroy Springer
Forestry Officer
Campden Park
Kingstown Interstate
St. Vincent W.I.
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