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General Abstract

Mosses are the second largest group of land plegfmales, an order of
pleurocarpous mosses, include ca. 50% of all mo3sesfamily Sematophyllaceae is
probably the most diverse Hypnales in the tropicd @ne of the most complex and
taxonomically confused. Traditionally variationagharacters of the sporophyte have been
used to distinguish genera and even species, lthisistudy characters of the
gametophyte have been found to provide valuabtendigns. This thesis comprises
three parts: 1, a micromorphological study of daplkevelopment ifaxitheliumand
relatives; 2, a phylogenetic studyTdxithelium and 3, a revision dfaxithelium
subgenu¥/ernieri.
1. Micro-morphological studies on mosses are notraon, but can illuminate the nature
of taxonomic characters. | present data on thetsire and development of leaf cell
papillae in different Sematophyllaceae to assesis dlevelopmental similarity and also
the congruence between papilla morphology and @xgn Two kinds of papillae are
recognized. One is dome-shaped to conical tap&siagirmly rounded apex (“conical”),
whereas the other presents a more flaccid, bagogaaance, and is often flat-topped and
wider at the apex than at the base (“baggy”). Teetypes of papillae are also
developmentally distinct: Conical papillae firgip@ar as slight protrusions that
gradually increase in height, whereas baggy pa&pdleange shape as they develop.
Conical papillae occur in most papillose taxa, vlasrbaggy papillae are present only on
Taxitheliumsubgenud axithelium
2. In order to test infrageneric classificationd apecies delimitation withifiaxithelium

| constructed a molecular phylogeny using threercmlast DNA loci {rnL, psbr and
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rps4), three mitochondrial DNA locrs3, nads andnad4—5) and a nuclear geneo().
Analyses of the loci separately and in various doations all support the monophyly of
Taxithelium which is probably of SE Asian origin. Two majdéaades corresponding to
subgenera (see below) were resolved within the gyerhe first clade is composed of at
least four smaller clades, three of which includy/ GE Asian plants and one is from the
Americas; the latter is nested within the SE Asikades. The second clade appears to
have a Southeast Asia origin and shows two dispeveats to America. Data show that
T. merrillii, T. concavum, T. pluripunctatum, TaplssimumandT. isocladumare each
demonstrably monophyletic units. On the other hdnglanum, T. nepalensadT.
instratumas circumscribed today are polyphylefiexithelium lindbergican be
considered monophyletic only with the inclusioriTofalare Thehol nuclear locus is
used for the first time in bryological studies, amith promising results.

3. Taxitheliumis highly variable morphologically and includesupis with pluripapillose
leaf cells as well as plants that lack papillaessd®hon the results aboVexitheliumis
newly re-circumscribed and includes two subgenEaaitheliumandVernieri, that differ
in papilla morphology. Detailed morphometric studigere carried out in subgenus
Vernieri, individual analyses including different subsdtprmvisionally recognized
groups. Based on these studies, eleven species lseukcognized, one from Africa, two
from the Americas, and the rest from Southeast AsthPacific Islands. A key to
identify all the species recognized is providedwa$ as full descriptions, nomenclature,
distribution maps, etc., of each species. One spglcidamanhurianums new to

science and is described from Seram, Indonesia.
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CHAPTER 1

MORPHOLOGY AND DEVELOPMENT OF LEAF PAPILLAE IN

SEMATOPHYLLACEAE (BRYOPHYTA)

This chapter will be submitted to the Journal “Brgologist”.

ABSTRACT. Micro-morphological studies on mosses are notraom but have the
potential to illuminate the nature of taxonomic idtders. Here we present data on the
structure and development of leaf cell papilla&@matophyllaceae, to assess
developmental similarity and congruence with taxagoTwo morphological kinds are
recognized. One is dome-shaped to conical, tagpéoim firmly rounded apex

(“conical”), whereas the other presents a morecithdaggy appearance, and is often
flat-topped and wider distally than proximally (‘4gy”). Conical papillae occur in most
papillose taxa, whereas baggy papillae are presgnton Taxitheliumsubgenus
Taxithelium The two types of papillae are also developmenthitinct. Conical

papillae first appear as slight protrusions thadgally increase in height, whereas baggy

papillae progress through a series of developmer#at and forms.
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A detailed understanding of morphology is essefdiajood taxonomic work;
also, when associated with phylogenetic studiegntprovide a unique view of
evolution of form. Taxonomists are always seargtior new characters to help
understand better the relationships among organiShesbryophytes are among the
groups that need better exploration of their molging Lack of detailed morphological
study has often led to misinterpretations and tarun confusion.

Morphological characters often show parallelismasgersals and environmental
plasticity. Unrelated taxa can come to look moneilsir during development, whereas in
closely related taxa that differ strongly in morfgygy, the differences may be due simply
to a few changes in developmental patterns. Dewadopal studies are thus a powerful
tool for understanding morphology and addressirgstions like parallelism and
homoplasy, but are rarely conducted in mossess@geiMishler 1986, 1987, 1988).

The moss gametophyte is a promising source of nodogkcal characters, but
gametophytic characters have often been overlobiedoss taxonomists. However,
Buck (1991) suggested that the gametophyte midhib&more independent characters
than the sporophyte, which has been traditionaltywidely used to delimit hierarchical
groups. Indeed, molecular data may show betteespandence with gametophytic than
with sporophytic characters (Huttunen et al. 2@drdiner et al. 2005, Camara 2006).
Among the gametophytic characters, leaf morpholwagg/been one of the most used.

Many mosses develop papillae on the cells in fleaves. Papillae are outgrowths
of the cell wall or cuticle, visible as “cell ornamtation[s], a solid microscopic
protuberance” (Magill, 1990). The presence or absenumber, and distribution of

papillae have been widely used in moss taxononaetme boundaries at the generic
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level in many groups (Magill 1977, Boudier 199@l&nd 1991, Guerra et al. 1992,
Werner et al. 2003, Gallego 2005). Papillae appeanrelated genera throughout the
mosses, occurring in both acrocarpous (e.g., Retim Fissidentaceae, Rachitheciaceae)
and pleurocarpous (e.g., Sematophyllaceae) spddiedunction of papillae is unclear,
although many theories have been proposed, frormataf light and temperature to
adaptations to xerophytic conditions (see PatteiS&4).

The location, shape and size of papillae are dilffim see under the light
microscope (Cano 1994, Robinson 1971), their ssiadl making their observation
potentially distorted (e.g. the so-called “C-shdpgeapillae that Robinson (1971) and
others recognized as being artifacts). This hasdetifferent names being used for the
same structure, or different structures being gihensame name. The use of Scanning
Electronic Microscopy (SEM) can help minimize syehblems. It also makes it possible
to see structures below the limits of resolutiothef light microscope.

Paolilo & Reighard (1967) when studying lamellad’miytrichaceae were the
first to apply SEM techniques in the investigataiimoss morphology; later Mozingo et
al. (1969) studied leaf architectureSphagnumRobinson (1971) was the first to use the
SEM to study leaf papillae in mosses; he lookddsatunrelated species of mosses and
noted four different shapes of leaf papillae. Hessified these on the basis of their
location (middle or end of the cell), and as “gredr seriate papillae”. He also
mentioned “cuticular papillae” referring probabbyliulging cells. Unfortunately the
study was carried out without the use of a critmaiht dryer and therefore the cells

collapsed; the results are thus difficult to intetp
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Studies of papillae morphology (Robinson 1971, €&a Puig & Molinas 1974,
Werner et al. 2003, Gallego 2005) and developmdighler 1987) are restricted to
acrocarpous mosses; there are no studies of papiiieromorphology and development
in pleurocarpous mosses. However, leaf papillae leen considered diagnostic at the
generic level, with many taxa being recognizedhenldasis of papillae presence and
number per cell (e.gHypnellg TrichosteleumTaxithelium Radulinaand
Acanthorrhynchium

Pleurocarpous mosses (as defined by La Farge-Eh@R96) comprise around
50% of all mosses (Shaw & Renzaglia 2004). Hypnaiesch have radiated extensively
throughout the tropics, are almost exclusively bpijg in angiosperm-dominated
tropical forests. They are by far the most specpearocarp clade, with around 4418
species or approximately 80% of all pleurocarpoossas (Buck & Goffinet 2000).
Their monophyly has been well established (De Letreal. 2000, Newton et al. 2000,
Goffinet et al. 2001, Cox et al. 2004, Buck et28l05). However, family level
relationships within the Hypnales are still poantyderstood perhaps because of the
apparent rapid evolution of the group (Shaw e2@03), resulting in poorly defined
lineages and very short internal branches on pleyletic trees, especially at the basal
nodes. Large amounts of nucleotide data will likelype needed to obtain good
resolution of such nodes (Shaw & Renzaglia 2004).

Groups within the Hypnales are poorly differentthibeorphologically, although
this may simply reflect the lack of basic morphabtad and micromorphological studies.
Sporophyte morphology of the Hypnales is relativa@nstant, and gametophyte

morphology has not been studied in depth. Evenlwigdged gametophytic characters
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such as pseudoparaphyllia (structures restrictéigetareas of the stem around branch
primordia) lack the developmental studies needeshtely differentiate foliose
pseudoparaphyllia from undeveloped or immature prihal leaves (Akyama &
Nishimura 1993, Ignatov & Hedenas 2007).

Within Hypnales, Sematophyllacesensu latdincluding Sematophyllaceae s.s.
plus Pylaisiadelphaceae) are one of the largestraost diverse families (Buck & Tan
1989, Tsubota et al. 2001a,b); their monophyly established by Tsubota (2001a,b).
Taxonomists “dread” Sematophyllaceae (Buck & Ta@9)9considering it one of the
“most difficult families of mosses” (Seki 1968).Tand Jia (1999), when revising the
family for China, stated that more than 70% of lageiton specimens they saw were
incorrectly identified. More than two-thirds of tigenera are mono- or oligotypic (Buck
& Tan 1989, Tan & Jia 1999). Estimates of numbegeiera in the Sematophyllaceae
(sensu latprange from 50 (Vitt 1984) to 30 (Tan & Jia 199@)d probably more than
200 species. The numbers remain uncertain as tiié/fes in need of revision.

Sporophyte characters have long been used to dejanera within the family
(Brotherus 1925), but the gametophyte remains ailplessource of new morphological
characters. Genera within the Sematophyllaceaeasy in the presence or absence of
papillae on leaf cells, papillae, when presentusigally one per cell, but species of
TaxitheliumandRadulinahave multiple papillae per cell borne in a linerg the
proximo-distal axis.

Although Taxitheliumhas long been recognized as having multiple egill
serially disposed over the lumen of each leaf &ththerus (1925) included some

species lacking papillae in the genus; these spéeiee been largely ignored in
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subsequent treatments of the genus (Tan et al., Fafisay et al. 2002). Camara and
Shaw (unpublished) have shown, based on molecuilderce, thaRadulinaand
Taxitheliumare not closely related and tAatxitheliumis clearly monophyletic. The
serial papillae are a synapomorphy for the gerntismegh they have been lost in some
taxa.

Some species @&croporiumandWijkia are reported to have papillae (although it
is possible that neither is monophyletic). Mostcspg ofAcroporiumhave smooth leaf
cells; in those species that have papillae, thegllysoccur only in the upper half of the
leaf. Acroporiumappeared to be monophyletic in analyses usingditiegene (Tan &
Ying 2004, Hedenas et al. 2007), but ongoing studgng different markers (Goffinet et
al. unpublished.) seem to demonstrate the opp&pkecies oWijkia have been reported
as having leaves with cells that range from smémtiuripapillose although most
species examined here have either smooth or psmldavesWijkia is polyphyletic
according to Tsubota et al. (2001a,b).

The published phylogeny for the family Sematoplogkze (Tsubota et al.
2001a,b) does not include all taxa bearing papiti@aking it impossible to assess
precisely their phylogenetic relationships. Howewenew phylogenetic study of
Sematophyllaceae with broader taxon sampling amdyusolecular data from different
genes and genomes, in underway (Goffinet et alubirghed). Based on unpublished
results from this studyHg. 1), there have been at least three independenheraji
papillae in the family. The papillose speciesAcfoporiumwere not available for

inclusion in the phylogeny, so their position ikoawn.
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In this study we investigated the morphology andettgoment of leaf cell papillae
in the family Sematophyllaceae s.l. We identifyowel form of papillae that is
synapomorphic for one clade within the gefasgithelium and confirm the

developmental similarity of other papillae foundeavhere within the family.

METHODS

At least one species of each papilla-bearing gentlee Sematophyllaceae (sensu
Buck & Goffinet 2000) was sampled; in addition weluded a species of the non-
papillose genussopterygiunfor comparison. A total of 23 species was studidte
included one species eachAxfanthorrhynchiumClastobryophylum, Isocladiella,
Isopterygium, PapillidiopsisasndRaduling and two each oAcroporium and
TrichosteleumThe twoAcroporiumspecies differ in presence of papill&eadspersum
is papillose whereah. pungenss non-papillose. We included multiple species of
Taxitheliumbecause preliminary studies had indicated vanahgapilla morphology in
the genus. In addition, we included several ngniHose species placed Taxithelium
based on molecular data. Because these speciespparently lost the generic
synapomorphy (Camara & Shaw, unpublished), we wartcularly interested to see if
they retained vestiges of papillae at any stagkew€lopment. Reports of papillae in
Wijkia were determined to be erroneous, so this spe@sswt included. Voucher
information is listed in Appendix .
Preparation - For each plant, a developmental series was studiétleaves taken from
a single individual progressively from the topmpssition (younger) towards the base

(older) on a single branch.
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Samples were prepared according to the protocgjesigd by Bozzola and
Russel (1998). Fresh material was collected irfithe in Southeast Asia. Samples were
put in Eppendorf tubes containing 70% ethanol. BBlarere dissected under a dissecting
microscope and leaves in different stages of dgweémt were kept in vials containing
70% ethanol. For herbarium samples, specimens fivetee-hydrated in boiling water
for five minutes prior to fixation in 70% ethanah. both cases, material was dehydrated
in an ethanol series (70%, 85%, 95%, 100%, 100%d806&o) with changes every two
hours. A critical point dryer was used to avoid eelll collapse: for this procedure 100%
ethanol and liquid C®was used (Magill et al. 1974, Bozzola & Russel&9%amples
were then mounted on stubs, sputter-covered wildrgalladium (Bozzola & Russel
1998), and kept in a container with silica gel ungecuum until used.

Specimens were observed with an SEM Hitachi S-B6@0a voltage of 20kv
and a working distance of 41.3 mm. Digital micrqgrig pictures were taken. All
measurements were made from adult leaves at thdlerod stem. At least three

measurements were made for each individual, usocagrass and a ruler.

RESULTS

We identified two distinct forms of papillae, whidiffered both in development
and in adult morphology. The more common form,chiwe call here “conical,”
appears in all taxa except fdaxitheliumsubg.Taxithelium Papillae in the latter group

are distinctive and may constitute a morphologncalelty.
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Papillae appear early in leaf development, ancilvays present on the youngest
leaves examined (ca. 145 um long). Within a leafturation is basipetal, with young

papillae at the base of the leaf and the mature ahthe apex.

Conical papillae- These papillae are more or less cone-shape€3 2. in diameter at
the base, and approximately 6 um high; the apicessually round and smoothig.
2A, B). Most plants investigated have a single pap#agell, usually on the geometric
center of the lumen, but the pluripapillose taxaehthree to five. Papillae arise as small
outgrowths of the cell wall and grow continuallytiithey reach maturityRig. 2A, B
and Fig. 40. Young papillae have approximately the same diamas the adults but
protrude less from the surface of the cell.

Conical papillae are found in all unipapillose taxeestigatedAcroporium
Acanthorrhynchium, Papillidiopsis, Isocladiella,a&StobryophylunandTrichosteleum
and also in the pluripapillodeadulinaand species ofaxitheliumother than subgenus

Taxithelium.

Baggy papillae- These are hemispheric outgrowths of the cell,\8al 4 um in diameter
at base, and approximately 2 — 3 um higig.(2C, D). Usually three to five papillae
form per cell, and are linearly distributed ovez thmen. Papillae are almost as wide as
the cell. Mature papillae sometimes appear to vieled ig. 3), or they may have a
stem-like structure ca 0.75 — 1 um loigg( 4D). Young papillae have a slightly smaller
diameter (2 um) than adult ones. This form occuaitg on the pluripapillose species of

Taxitheliumsubgenud axithelium
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During development the baggy papillae change nbtio size, but also in shape.
The young papillae appear initially as small liaesoss the whole width of the cell
surface Fig. 5A, B). Subsequently the cell wall appears to expantiaothe papillae
form ellipse-like structured={g. 5C, D). Finally, the papillae expand laterally, often
developing a stalk and in some cases resultinganpiaired protuberanceBig. 3 and

Fig. 4D).

Papillae absenceWe investigated several species that apparerdkydapillae, for
comparison. Insopterygium minutirameurgMull. Hal.) A. Jaeger, no trace of papillae
was found at any stage of developméiig)(6C, D). However, in species diaxithelium
that lack obvious papillae when viewed with théatighicroscope, we found small,
undeveloped papillae at the apex of some leavesy fldsemble young conical papillae
(Fig. 6A, B), although they were rare and difficult to findeewunder SEM.

A closer look at the sizes of cells with each kafighapillae (baggy and conical)
showed that the cells with baggy papillae are shghtly wider on average (see Table 1)
than the ones with conical papillae. However,cefith conical papillae are three times

longer, resulting in dramatically different lendthwidth ratios.

DISCUSSION

As suspected, the general term "papillae” is inadegto describe the
morphological variation observed. We document karetion in papilla morphology
and development within the family Sematophyllacede The papillae are easily

distinguished from those in other groups of mosiseshich papillae appear to be
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independently derived. The morphological distioies that we find are consistent with
the hypothesis of independent origins.

Previous SEM studies on papillae have been réstirio acrocarpous mosses
(Robinson 1971, Magill 1977, Guerra & Carrion 198&rner et al. 2003, Gallego
2005), particularly on Pottiaceae. These studige hacumented differences between
taxa in the morphology of adult papillae, but hgeaerally provided no description or
discussion of the structures seen. Papillae irmtihecarpous mosses are elaborate,
usually big and branched.

Papillae of species in the gerfeygntrichia(Pottiaceae) have been studied in
considerable detail (Gallego 2005). Leaves mayriyeapillose or pluripapillose with
one to 12 papillae per cell. Pottiaceae have ditodd leaf cells, and the papillae may be
arranged in two or more longitudinal rows. Papilta&y be on either or both sides of the
leaves depending on the species. Gallego (20@53ifles them as unbranched, bifurcate
and pedicellate, with a range in length from 222-5 pm.

Papillae in Sematophyllaceae are very simple wiempared with the large and
usually branched papillae found in Pottiaceae. Tdit#gr from those ofSyntrichiain
many aspects: the papillae are not branched andatrerage size is much smaller (ca. 6
pnm high). Also there are no papillae on the adasualace of the leaves in
Sematophyllaceae, there are never more than sevarelband they are borne in a single
row. We could not conform the claim tHaadulinahas two rows of papillae (Ramsay et
al. 2004) Fig. 4); the original observation may have been an attidélight distortion.

There are indeed some similarities betw8gntrichiaand Sematophyllaceae;

some papillae in Pottiaceae resemble the coniegdestescribed here, but the majority of
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mature forms are definitely quite distinct; unforéttely developmental studies on
Syntrichiaare unavailable for comparison.

Developmental studies on leaf papillae are everemastricted. Mishler (1987)
studied leaf development ®brtula papillosissimaPottiaceae), including data on whole
leaf development as well as on the papillae. Helogied that the shape of the papillae is
not related to the number of branches, or the degféranching. Early development of
papillae inT. papillosissimaesembles the continuous development of coniqaillpa
described here.

Recent studies on the gentexithelium(Camara unpublished, Camara & Shaw
unpublished) show that the genus is comprised ofsiater clades, morphologically and
genetically distinct, ranked as subgenera. Thedisup is subgenuBaxithelium(or
“Planumclade”) and is characterized by “baggy” papillajch appear to be
synapomorphic for the clade. Both the developmadtault morphology of these
papillae is unique within Sematophyllaceae s.ld @ralso unknown outside the family.
The second group Vernieri clade”) is characterized by the more common cadrygee
of papillae. However, some species in thfiumclade” appear to have lost papillae.
We find that these species retain vestiges of laapisupporting the phylogenetic
inference of papilla loss (Camara & Shaw unpubligh®ur morphological data thus
provide further evidence that these species shmeil@dtained i axitheliumandhelp to
shed light on an old taxonomic confusion.

The vestigial papillae present in some speciek®fRlanumclade” resemble the
conical papillae present in th&érnieri clade, which might be expected since they are

sister groups.
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The correlation between leaf cell dimensions arglligamorphology is
intriguing, and suggests that cell wall construtt@md/or cell expansion may lead to the
observed differences in form. It would be of ietrin future studies to look at
cytoskeleton dynamics ihaxitheliumspecies to determine whether papilla development

is correlated with cell wall formation.
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Table 1, measurements of cells with different kinaf papillae. Measurements were

taken from six different leaves in two distinct plants

baggy width baggy length baggy l:w

4 18.1 4.52
4 16.7 4.17
6.25 17.8 2.84
3.9 25.6 6.56
6 22.6 3.76
4 19 4.75
conic width conic length conic l:w
3.6 50 13.88
3.7 44 11.89
2.4 55 22.91
3.9 70 17.94
3.6 80 22.22

3.9 65 16.66
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Appendix |. Voucher information

Species Collector number and  Locality
herbaria

Acanthorrhynchium papillaturtHarv.) M. Fleisch. Camara 1418 (MO) Singapore

Acroporium adspersurfHampe) Broth. Town 20619 (MO) Sarawak

A. pungengHedw.) Broth. Camara 864 (MO) Malaysia

Clastobryophilum bogoricurtBosch & Sande Town 11979 (MO) Sarawak

Lac.) M. Fleisch.

Isocladiella surcularigDixon) B. C. Tan & Tan 95- 1368 (MO) Brunei
Mohamed
Isopterygium minutirameuall. Hal.) A. Jaeger Céamara et al. 1421 Singapore

Papillidiopsis bruchii(Dozy & Molk.) W. R. Buck B. C. Ho 01-035 (MO) Malaysia

& B. C. Tan

P. complanatgDixon) W. R. Buck & B. C. Tan Tan 2001-04 (MO) Mgsia
Taxithelium planungBrid.) Mitt. Delgadillo 6605 (MO) Mexico

T. concavunf{Hook.) Spruce ex J. Florsch. Allen 25137 (MO) iSam

T. friedensé. H. Norris & T. J. Koponen Koponen 35136 (NY) BapNew Guinea
T. juruense(Broth.) Broth. Prance et al. 12541 (NY) Brazil

T. kerianum(Broth.) Broth. Streimann 45708 (MO)  Australia

T. merrillii Broth. Streimann & Pocs 6450Australia

(MO)

T. muscicolgBroth.) B. C. Tan, H. P. Ramsay &  Watts 419 (NSW) Lord Howe Island
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W. B. Schofield

T. nepalenséSchwagr.) Broth. Camara et al. 1417 (MGgingapore

T. perglabrunBroth. & Paris Heras 888/93 Equatorial Guinea
T. portoricenseR.S. Williams Buck 4101 (NY) Puerto Rico

T. pluripunctatumRenauld & Cardot) W. R. Buck Buck 32904 (MO) FekrGuiana

T. vernieri(Duby) Besch. Vernier 1316 (G) Tabhiti

Trichosteleum fleischeB. C. Tan, B. C. Ho & B. Céamara et al. 1411 (MO)Singapore

K.-B. Seah

T. papillosum(Hornsch.) A. Jaeger Fuentes et al. 4249 (M8Bplivia

Radulina hamatdDozy & Molk.) W. R. Buck &  Streimann 21901 (MO)  Papua New Guinea

B. C. Tan
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Fig.1) Backbone of phylogeny in Sematophyllaceamatng to Goffinet et al.
(unpubl.). Numbers within triangles representsrthmber of taxa bearing papillae
present in each clade (numerator) and the appraé&itotal number of taxa
(denominator). Pluripapillose taxa are marked \agterisk (*); papillosé\croporium

were not included. Reproduced with permission ftbenauthors.

Fig. 2) Mature papillae. A. Conical papillaeTinchosteleum singapurens®. Conical

papillae inRadulina hamataC, D.Baggypapillae fromTaxithelium nepalense

Fig. 3) Baggy papillae forming twins ifaxithelium planum.

Fig. 4) A and B: Young stages of conical papillav@lepment inRadulina hamataC.
Adult conical papillae inR. hamata.D. Baggy papillae with stalk inraxithelium

nepalense

Fig. 5) Development in stages Traxithelium nepalensé) Uppermost leaves. B) Phase

l. C, D) Phase II.

Fig. 6) A and B; Undeveloped papillae Taxithelium merrillii C and D: Smooth leaves

on Isopterygium minuterameum
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FIG. 1
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 6
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CHAPTER 2

A MOLECULAR PHYLOGENY OF THE MOSS GENUS
TAXITHELIUM SPRUCE EX MITT. (PYLAISIADELPHACEAE)
BASED ON PLASTID, MITHOCHONDRIAL AND NUCLEAR

MARKERS

This chapter has been submitted to the Journakégtic Botany”.

Abstract— In order to test infrageneric classification apécies delimitation within the
pantropical moss gend&xithelium we constructed a molecular phylogeny using three
cpDNA loci (trnL, psbr andrps4), three mtDNA loci ips3, nads andnad4d—5) and the
nuclear gen@ol. Analyses of each locus separately and in vaigounsbinations support
the monophyly off axithelium Two major clades corresponding to taxonomically
recognized subgenera were resolved within the gérhesfirst clade is composed of at
least four smaller clades, three of which includy/&E Asian plants and one is from the
Americas; the latter is nested within the SE Agikates. The second clade appears to
have a Southeast Asia origin with two dispersahes/éo AmericaTaxitheliumis highly
variable morphologically and includes plants withrgpapillose leaf cells as well as
plants that lack papillae. Our data show thaterrillii, T. concavumT. pluripunctatum

T. planissimunandT. isocladumare each demonstrably monophyletic units. On thero
hand,T. planum, T. nepalensadT. instratumas circumscribed today are polyphyletic.
Taxithelium lindbergican be considered monophyletic only with the isdn of T.

alare. Thehol nuclear locus is used for the first time, witbpising results.

Keywords- hol, nad5, psbT, nad4-5, rps3, rps4, trnG, Sexhgllaceae, papillae
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The genudaxitheliumbelongs to the large and speciose order Hypnalgsyup
of mosses in which gametangia are borne on labeaaiches (pleurocarpous). Species of
thisgenus are found throughatie tropics between 30°N and 20°S, with most sgecie
occurring in Southeast Asia, especially the Maleseagion (Damanhuri and Longton
1996, Ramsay et al. 2002).

The order Hypnales comprises 80 percent of pleupocs moss species but
phylogenetic relationships within the order aremppresolved. The Hypnales apparently
underwent a period of rapid diversification earlytheir history (Shaw et al. 2003),
leading to a phylogenetic tree with very shortiing branches connecting
morphologically similar groups. Nevertheless, sdipenalean families have been shown
to be monophyletic; for example: Lembophyllaceaadqilt et al. 2000),
Plagiotheciaceae (Pedersen and Hedendas 2002),d#yilaceae (Chiang and Schaal
2000), Brachytheciaceae (Vanderpoorten et al. 2008)oriaceae (Quandt et al. 2004)
and Sematophyllaceae (Tsubota et al. 2001a,b).

Many taxonomists have plac@axitheliumin the Sematophyllaceae (Brotherus
1925; Vitt 1984; Buck and Vitt 1986; Tan and BuBT9Buck and Goffinet 2000;
Ramsay et al. 2002). Howev@iaxitheliumlacks the collenchymatous exothecial cells,
long rostrate operculum, and inflated alar cels #re otherwise diagnostic for
Sematophyllaceae, leading Seki (1969) to suggettigrn of the genus from that
family. Cladistic analyses of morphological chaeast(Hedenads 1996; Tan and Jia 1998;
Hedenés and Buck 1999) also suggestedTiiigtheliummight not, in fact, belong to the

Sematophyllaceae.
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Recent molecular studies (Buck et al. 2000; Tsubb&d. 2001 a, b) showed that
Sematophyllaceae s.l. includes two sister cladescore sematophyllaceous taxa (e.qg.,
SematophyllunMitt., AcroporiumMitt., andTrichosteleunMitt.), and a clade that
includesTaxithelium PylaisiadelphaCardot,PlatygyriumSchimp. IsopterygiumMitt.
andBrotherellaLoeskeex M. Fleisch. Tsubota et al. (2001a) called theslagroup “the
Brotherellalineage.” Based on these results, Goffinet anck§2604) described the new
family Pylaisiadelphaceae encompassing Btherellalineage.” However, the family
lacks any obvious morphological synapomorphy. Wiewothe treatment of Goffinet
and Buck (2004) and here considexitheliumto be a member of the
Pylaisiadelphaceae; this study is focused on thendation of Taxitheliumand on
relationships among species within it rather tham® placement within the broader
Hypnales. Relationships within the Sematophyllacea. and Pylaisiadelphaceae remain
unclear.

Relationships between specieslaiitheliumare also unclear. Renauld and
Cardot (1901) dividedaxitheliuminto three subgenerRolystigma(with several
papillae disposed serially per celDligostigma(with one or few papillae per cell, not
disposed serially) andlonostigmawith only one papilla per cell). The subgenus
Polystigmawas divided into three Sectiongera(non aquatic plants with vesiculose alar
cells),Aptera(non aquatic plants with quadrate alar cells) lanthobiella(aquatic
plants). Cardot (1905) created secthamastigmaor a single species that is now placed
in Phyllodon(Buck 1987), and Brotherus (1909) created the snbgPseudohypnella

also for a single species now placed in the Hoakesi(Buck et al. 2005).
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Brotherus (1925) further broadened the boundafi@ggitheliumby including
within the genus plants with smooth leaf cells,aiosg its limits and thus making it
difficult now to differentiate morphologically fromenera such dsopterygium
ChaetomitriunDozy & Molk., RadulinaW. R. Buck & B. C. Tan andlrichosteleum
Ramsay et al. (2002) thought that, becaledtheliumwas so variable, it was probably
not monophyletic, and that most taxa should besteared to other genera or even
families. Taxitheliumhas received little attention since 1901; only @ahuri and
Longton (1996) presented a discussion of its charsicThe genus has more than 230
accepted names associated with it and is in gezd of revision. An ongoing study by
Camara (unpubl. data) will propose a re-circumsicnipof the genus and present a

taxonomic treatment for one of its subgenera.

Papillae—The main characters used for recogniziiagitheliumare the presence of
multiple papillae arranged in lines over the lumihance, Tax-tasd'= arranged and
“thelion” = nipple), lack of long rostrate operculum, amabarly developed alar region.

The location and size of papillae have been trawmhtily and widely used to define
groups in mosses. MaxitheliumandRaduling each cell produces multiple papillae in a
line along the proximo-distal axis, but their laoat shape and size are difficult to see
under the light microscope. Other taxa in Semath@tgae have but a single papilla per
cell.

As noted above, Brotherus (1925) included someiepatTaxitheliumthat
completely lacked papillae because of similariteeseriately papillose species in leaf

shape, alar cell development, and sporophyte fesailleck of collenchymatous
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exothecial cells and lack of long rostrate opercNeost taxonomists largely rejected a
concept of aaxitheliumwithout papillae and some authors (e.g., Tan.€t996;

Ramsay et al. 2002) have excluded these speciesl@ical treatments dfaxithelium

These “papilla-lackingTaxtheliumhave remained mostly ignored and unplaced over the
years.

Camara and Kellogg (unpubl. data) have describeletail the development and
micromorphology of papillae in Sematophyllacea@gsicanning electronic microscopy
(SEM). There are two distinct developmental patrsapding to two morphologically
distinct kinds of mature papillae: “conical” (FipA) and “baggy” (Fig. 1B). In addition,
some species lack obvious papillae when viewed thgHight microscope, but under the
SEM they may show small, undeveloped papillae @tihex of some leaves, resembling
young conical papillae (Fig.1C, D). However, syoling papillae were rare and
difficult to find even under the SEM.

This study aims to 1) test the monophyly and astescircumscription of
Taxithelium and investigate relationships within it, 2) relerade the current system of
classification for the genus, 3) investigate thatribution of papillae within the genus,
especially the papilla-lacking taxa, and 4) prowadeamework for new classifications

that better reflects evolution in the group.

MATERIAL AND METHODS

A phylogenetic hypothesis was constructed using tfam chloroplast,

mitochondrial and nuclear genomes. The use ofreiffegenomes allows greater
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confidence in the results, since they are notyikkelbe subject to lateral transfer at the

same time and are not subject to the same funtwonatraints.

Plant Materials—Specimens were selected to reflect the morpholbgaréation

observed within the genus in the ongoing revisipiChmara (unpubl. data), as well as to
represent different geographic regions. More thamaccession was included whenever
possible to assess the monophyly of species arefléat morphological and geographic

variation.

Fresh material was collected in Southeast Asidgdreim material was used
when fresh material was unavailable. We used reptasves of Pylaisiadelphaceae as

outgroups.

DNA Extraction, Amplification — Total genomic DNA was extracted using the mini-
CTAB protocol (Doyle and Doyle 1987). We amplifigthrkers from all three genomes
of each plant. From the plastid genome we usedé¢he coding for transfer RNA for
glycine and its intron (hereaftarnG), ribosomal protein 41§s4), and photosystem Il
protein T psbr). From mitochondrial genome we used NADH-dehyeéragse subunit 5
(nadb), the spacer region between NADH-dehydrogenasersis 4 and 5nad4-5), and
ribosomal protein 3rps3). From the nucleus we amplified the single-cgpge for
heme oxygenase h¢l). Genes were amplified using the polymerase ctegiotion
(PCR); primer sequences for the seven loci areigeovin Tablel.

Forhol we initially used the primetsolF and R (Table 1), designed by Stuart
McDaniel (unpubl. data); few taxa were successfaithyplified, but we were able to

obtain enough sequences to design new primersipgléuttombinations of forward and
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reverse primers were then tested; the best rdsulfaxitheliumwere obtained using
holaF ancholR.

Single amplicons were produced for all markers pkoadb, which was
amplified as two overlapping fragments (Fig. 2acbK—nadbLi andnadbL—-nadbKi
(Bell and Newton 2005). When amplification failedhich happened almost half the
time), we used a nested PCR approach, beginnirgthgt primersiadc_4F and
nads_2220R, followed byadb_4F anchads_3R. Amplification primers were used for
sequencing, but farads we also used internal primerads_IR1_pleuro andads_IF1.

The PCR amplification mix had a total volume oflflGand contained 2ul of 10x
Thermophilic Buffer, 0.8ul of 50mM Mgl 0.4 pl Tag (Promega), 1.5 ul BSA
(10mg/ml), 3.2 pul ImM dNTP, 1ul of each primer (M)tand 3.0 pl of DNA. Fohol
amplifications, 1ul dimethyl sulfoxide (DMSO) wadded when amplification initially
failed. Genomic DNA was diluted 1:10 prior to u$ee PCR profile fohol, trnG, pshr,
rps4, nads-4, nadb andrps3 was: 94°C (1min), 50-52°C (1 min), 72°C (1 mior 85
cycles, always preceded by an initial melting iEp min at 94°C and a final extension
of 72°C for 7 minutes. For nested PCRhafb the profile was: 96°C (45 sec), 55°C (1
min), 72°C (1min) for 35 cycles, also preceded byratial melting step of 1.5 min at

96°C and with final extension of 72°C for 7 minutes

Sequencing and Phylogenetic analyses PECR products were cleaned using 3 pl of
ExoSap mixture (0.2 ul of Exonuclease | plus 0.2fiAlkaline Shrimp Phosphatase and
0.6 pul dHO), heated at 36°C (30 min) and then at 85°C (I .nitlean PCR products

were used in cycle-sequencing reactions with tlgeBre terminator kit (Applied
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Biosystems). The resulting products were purifigetihanol precipitation and analyzed
in an ABI 3100 (Applied Biosystems). Forward anderse strands were sequenced. In
some cases, clean PCR products were sequenced BRRSEN Inc. (Seoul, Korea).
Sequences were assembled using SEQMANMdIgion 5.05; DNAStar, Madison,
WI). All sequences have been submitted to GenBank.

All datasets weraitially aligned using Clustal X (Higgins and Sp&k988), then
adjusted by eye, and the alignments checked atrtieo acid level, using MacClade
4.08 (Maddison and Maddison 2000), and exportedeasis files. Independent searches
of trees were made as follows: 1) each gene alred| mitochondrial genes, 3) all
plastid genes, 4) plastid and mitochondrial gengsther, 5) all markers together.

A second set of analyses including only individualsresponding to théernieri
clade was carried out to assess the monophylyetfiep and relationships within the
group. For this analysis, the mtDNA dataset wasl iieause it had the most accessions
for the clade; species from tRéanumclade were used as outgroup.

Phylogenetic analyses were carried out using maxirparsimony (MP),
maximum likelihood (ML), and Bayesian inference)Bsing PAUP* v. 4.0b10 for
Macintosh (Swofford 2002), GARLI v. 0951 for Maansh (Zwickl 2006) and Mr Bayes
v. 3.1.2 (Ronquist and Huelsenbeck 2003), respalgtifHeuristic MP searches were
done with 100 random addition replicates, and hisection -reconnection (TBR) branch
swapping, saving a maximum of 10,000 trees; altadtars were unordered and equally

weighted, and gaps were treated as missing data.
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For ML and BI analyses the best-fit model of eviontfor each locus was
obtained using Modeltest 3.06 (Posada and CrafhéaB); for combined analyses a
single model was used for combined matrixes (tablasd 3).

Clade support was evaluated using the non-paranieiatstrap (Felsenstein
1985), with 1,000 replicates for MP and a 100 atés for ML. Bl support was
evaluated using posterior probabilities, estimatgdg Markov Chain Monte Carlo
simulations with four chains, each for 5,000,000agations, sampled every 1,000
generations, starting with a random tree. For eaotlthe first 1,000 trees were discarded

as “burnin.”

Shimodaira-Hasegawa test— SH tests (Shimodaira and Hasegawa 1999, Goldian
al. 2000) were performed to statistically compdteraative hypotheses for the
phylogeny. Constraint trees were constructed inGlade, then loaded in PAUP* and a
maximum likelihood search was done to find theroptitree given the constraint. The
new values were compared with the score of ther@idpest tree using the SH test as
implemented in PAUP* using 1000 replicates and umegampling estimated log

likelihood (RELL).

RESULTS

Phylogenetic analyses -A total of 359 new sequences were obtained forstudy.
Trees from individual markers differed only in degrof resolution, but did not otherwise
present strong conflict in topology; the few caorti were present only in nodes with very

low support, so topologies were considered congrwbatever analytical method was
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used. The new nuclear markkeol, provided good resolution of most nodes (Fig. 3).
Tree statistics are presented in Tables 2 andkewlise, the trees for the different
genomes (plastid, mitochondrion, nuclear) did matvg conflict under any analytical
method. Accordingly, the datasets were combinemlammatrix of 5320 aligned base
pairs; 812 sites were variable and 389 parsimofoynmative.

To illustrate the utility of théol locus, we show a reconstruction based on this
marker alone (Fig. 3)laxitheliumis resolved as monophyletic and contains two main
clades (here namé&lanumandVernieri), which are formally being recognized as
subgenera by Camara (unpubl. data). Vamieri clade is characterized by the presence
of conical papillae, whereas tRéanumclade is characterized by the presence of “baggy”
papillae (Camara and Kellogg unpubl. data); papilave been lost in one clade within
thePlanumgroup (Fig. 3). Also these results show that thig dlew World species are
in a clade sister to all other cladesPilanumbut without support.

The combined tree from all seven loci (Fig. 4) shdhat thePlanumclade
includes four subclades. Clade | is composed afispns ofT. merrillii, which are the
only members oT axitheliumthat lack papillae, and are found only in SE Ama
Australia.

Clade 1l (Fig. 4) is the only one within tiRtanumclade that has representatives
in the Americas, and includd@s planumT. concavumandT. perglabrum The only
available African specimefT ( perglabrunyis nested within the American ones, but more
sampling is needed for African representative$afithelium Taxitheliumconcavunis
monophyletic (see also Fig. 3), but Aotplanum the latter could be considered

monophyletic only with the inclusion of the restatdde II.
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The third clade (clade Il1), which is exclusivelgi@8heast Asian (Fig. 4), is
composed of. nepalensandT. instratum(andT. ramicolg see Fig. 3)Taxithelium
instratumis clearly polyphyletic as other accessions ase ptesent in clade IV.

A fourth group (clade V) containb. kerianumandT. instratum(Fig. 4).
Taxithelium kerianunis monophyletic but the representatived oinstratumin this
clade form a basal paraphyletic complex. This cl@deis restricted to SE Asia and
Australia.

Relationships within thlanumclade differ between theol and the combined
datasets. The phylogenylodl sequences (Fig. 3) places the New World clackséesr
to all other (Old World) clades, but support is Wéa2% bootstrap). The combined
dataset (Fig. 4) places the New World clade nesitdn the SE Asian clades with much
better support (88% bootstrap).

We also investigated the relationships withinWeenieri clade in more detail as
part of an ongoing taxonomic revision of the gr¢kig. 5). Additional accessions were
sampled for mitochondrial markers which provided£2@ligned based pairs, with 132
sites that were variable and 65 potentially parsiynaformative (Table 3). For the five
taxa represented by more than one accession, feun@nophyletic, the exception being
T. lindbergit

Taxithelium pluripunctaturandT. kaernbachiare sister taxa (Fig. 5), and
together these are sisterftovernieri, although neither relationship has support.
Taxithelium pluripunctatuns a New World species, wherekskaernbachiis from SE
Asia and Africa and. vernieriis from the Pacific IslandsTaxithelium portoricense

another New World taxon, is sisterToplanissimunirom SE Asia; this relationship is
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strongly supported. They are both sister tasocladunm(also from SE Asia) but without
support.Taxithelium levieriappears as sister to a larger clade composdd lnydbergii
andT. alare but also without support; they are all from SEHaA$axithelium alares a
monophyletic unit withinT. lindbergii

It is important to note that the names within tRréeghumclade” were adopted
based on the study of the corresponding vouchefshentype collections, but this group
has not yet been taxonomically revised. Vieenieri clade in currently under revision

(Camara unpubl. data).

DISCUSSION

DNA sequences —This study has used several standard markerslhasveovel ones.
Chloroplast markers are by far the most widely useghylogenetic reconstruction in
bryophytes, whereas mitochondrial markers aredessmon.nads has been used
increasingly (Bell and Newton, 2004; Bell and New&905; Buck et al. 2005; Shaw et
al. 2005), and Groth-Malonek et al. (2007) have olestrated the value of tlad4-5
spacer. Our data represent the second applicatithmsanarker, and confirm its utility.

To our knowledge, this is the first study to use mhitochondriatps3 marker in mosses.

Low copy nuclear markers have not been widely disechoss phylogeny.
Previously used nuclear markers include mostlyghoghe ribosomal complex (18s,
5.8s, 26s and ITSI and Il), which exist in tandenays and have their own complex
patterns of evolution. The few exceptions includalM2002), Shaw et al. (2005b) and

Szovenyi et al. (2006). We show that the nucleaegel is highly promising. This
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marker alone has provided a highly supported plengaf closely related species (Fig.

3).

Monophyly and circumscription — Our results strongly supporaxitheliumas
monophyletic. Within the genus are two well-supgedrtlades, each of which
corresponds to subgenera in Camara (unpubl. data).

There are two kinds of papillae withiraxithelium the baggy papillae are found
only in thePlanumclade and consitute a synapomorphy for the grGopical papillae
are present in théernieri clade but also in all other papillose Sematoplogiéee (Camara
and Kellogg unpubl. data). The published phylogemythe family Sematophyllaceae
(Tsubota et al. 2001a,b) does not include all teearing papillae, making it impossible
to assess precisely the phylogenetic relationsdmtvthem and to infer the number of
origins of papillae in the family.

Renauld and Cardot (1901) had recognized a subd®olystigmadivided into
sectionsVera, ApteraandLimnobiella The sectiorLimnobielladoes not contain any
species currently included rexitheliumbut is made up of a heterogeneous mix of
species representing distinct genera, mastignthorrhynchiunM. Fleisch. and
PhyllodonBruch & Schimp., (Buck 1987). The remaining setw$i¢/eraandApterg are
not monophyletic, and representatives are scattertdeen the two major clades
(PlanumandVernieri) recognized here (Fig. 6). Renauld and Cardotgenera
MonostigmaandOligostigmaalso do not contain any representative$afithelium and
include species from other genera suchrashosteleumTaxiphyllumM. Fleisch. and

Acanthorrhynchiun{Buck 1987).
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The subgenera and sections of Renauld and Car@o1) are clearly polyphyletic
and should be abandoned (Fig. 6). Some names chensed, since an autonymic
subgenus is required by the International CodeatéBical Nomencalture. This issue is
being addressed by the ongoing re- circumscripgifdhe genus by Camara.

The presence of serially disposed papillae ovelumen of each leaf cell is a
synapomorphy fofraxithelium although the papillae are lost in one specie® he
recognized a3. merrillii (Fig. 3), thus supporting Brotherus’ (1925) views. Thé/on
other taxon within Sematophyllaceae that has dairpattern of leaf papillation is the
genusRaduling but it falls well outsidd axitheliumin our analyses (Fig. 3). An SH test
that constraine®adulinaandTaxitheliumto be sister taxa was significantly less likely
than the unconstrained ML tree, rejecting a sigteup relationship between the two
(Table 4).Radulinais easily distinguished frofiaxitheliumby the distally verrucose
seta, collenchymatous exothecial cells, and indlatelored alar cells, which are lacking
in Taxithelium Thus pluripapillose leaves have arisen at legisetin Sematophyllaceae.
A phylogeny for Sematophyllaceae with broader samgphould improve our

understanding of the evolution of morphologicalrelcters within the family.

Taxonomic implications—The present study clearly suggests the polyphytetiare of

some species within these subgenera, and consggtienheed to review the genus.
Within the ‘Planumclade”, clade Il in the combined analyses (FigsRQwsT.

perglabrumnested withiril. planumin thehol tree (Fig. 3) the situation persists, but a

sister relationship betwedn perglabrumandT. planum4 is suggested.axithelium
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planum4 is morphologically quite distinct and is fronetAndes region; it will probably
be recognized as distinct species when the grotgxaomically revised.

Also in the combined tree (Fig. 4), nepalensandT. instratumare nested
together (and also with. ramicolain thehol tree (Fig. 3)). Much confusion on the
morphological limits of these three taxa exists artdxonomic revision is needed. The
alar regions of all the species mentioned above kaxilarities, but leaf shape and apex
is highly variable.

In clade IV (Fig. 4)T. instratumandT. kerianumare nested together. Characters
such as perichaetial leaves are very helpful ilrusgmg these species but have not been
much used. This again shows the need of revisiothie group and a better
understanding of its morphology.

The relationship between the common species indludée ‘Planumclade”
from SE Asia and those of tropical America has kbeesource of disagreement in the
literature. For example, Buck (1998) synonymiZedepalens¢SE Asia) withT.
planum(Americas), based on morphological similaritiesnpéanate branches with ovate
leaves and quadrate alar cells). Our molecular, iataever, show that the two species
are not closely related. They can be distinguishedohologically since leaf apices and
supra alar cells differ between the two. Similathe identity ofT. concavunihas been
controversial; Buck (1998) synonymized it wikhplanum A series of SH tests (Table 4)
was performed to test these relationships. Thevollg constraint trees were built and
testedT. planum+ T. nepalensandT. planumt T. concavun¥ T. nepalenseThe
results rejected the monophyletic association eséh(Table 4). For these reasons we

suggest that. planumandT. nepalensee recognized as different species.
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On the other hand;axithelium concavuns a monophyletic unit nested withln
planum In thehol tree (Fig. 3)T. concavums well supported as sister group to a larger
clade containing . planumandT. perglabrumIn the combined tree (Fig. 4,
concavums a monophyletic unit embedded in theplanum+ T. perglabrunclade, but
most sister relationships within that clade lacgmart. Thereford. concavuntould be
recognized either as a distinct species or asgparbroadefl. planum(plusT.
perglabrun). The question should be solved whenPenumclade is taxonomically
revised. It is our hope that this phylogeny wiledrsome light upon the taxonomic
problems that have plagued this genus.

TheVernieri clade is being revised,; it includes 11 speciesyloth eight are
included in the phylogeny presented here. Of tleggi®t, we were able to study multiple
accessions of five putative species. The moledd#a confirm the monophyly of the
specimens assignedToalare T. pluripunctatumT. planissimumT. isocladumandT.
vernieri. It was not possible to obtain DNA from the remrag speciesT. ramivagum
T. muscicolaand an undescribed one).

Taxithelium alareandT. lindbergiihave overlapping geographical distributions
and many morphological similarities (alar cellgflshape, leaf margins, perichaetial
leaves, seta length), differing mostly in siZaxithelium alards larger and grows
mostly at high elevations (but is not restrictedhtm).Taxithelium lindbergiis smaller
and is mostly from lowlands (but is not restrictedhem). In the morphometric study by
Camara (unpubl. data) they were indistinguishable. results (Fig. 5) show tha&t alare

comprises a monophyletic unit within lindbergiiand consequently a monophyletic
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lindbergii would have to includé&. alare.Assuming that species should be

monophyletic, we suggest that only one speciesldhmirecognizedT lindbergii).

Biogeographic considerations—-Many mosses show a biogeographic pattern of
“everything is everywhere" (Shaw et al. 2005a) hwitost species being widely
dispersed over several continents. In contrashave found here a biogeographically
distinct pattern, with monophyletic units restrott® smaller geographical areas.

ThePlanumclade may have originated in SE Asia, with on@elisal event to the
Americas. As can be inferred by the combined tFeg. @), of the four clades, only clade
Il has representatives in the New World and thaslelis nested within the SE Asian
species. Thus the ancestral state is more likebhet8E Asian, and the New World
species may be the result of one dispersal evehetdmericas.

Within theVerniericlade, the two species from the Americasfluripunctatum
andT. portoricensgare not sister taxa. We tested the monophylheMNew World taxa
with an SH test, and a sister relationship betwibertiwo was rejected (Table 4). In this
clade all other species are from Southeast Asig. 8§, again, the ancestral distribution
state is more likely to be SE Asian, in this cag# wvo dispersal events to the Americas.

As noted above, when the SE Asia taXomepalensevas considered a synonym
of the AmericanT. planum the latter appeared to be a widespread spectgeter our
data demonstrate that the distribution of each fact narrower (Fig. 3, 4 and Table 4),
and revealed a signficant biogeographic patternitad been hidden by taxonomic

confusion. This shows the importance of investigaspecies level relationships,
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especially using molecular markers, and the neduhadihg markers with the necessary

variation, such akol.
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TABLE 1. Primers used in this study.

Sequence Source

trnG Pacak et al., 2000
rps4 Nadot et al., 1994
psbr Krellwitz et al., 2001
nad4—-5 Groth-Malonek et al. 2007
nacbK Beckert et al. 1999
nadbLi Beckert et al. 1999
nadbL Beckert et al. 1999
nadbKi Beckert et al. 1999
nads_4F Buck et al. 2005
nads_3R Buck et al. 2005
nadb_2220R (5 ATATTCCAGTGGTTGCCGCG 3)) Quandt, unpishied

nads_IR1_pleuro (5 GATTCAATACAAGGTTTTCTACA 3') Quandunpublished

nads_IF1 (5" GATTTAACTAAGATACGAAGCATT 3) Quandt, unphlished
holF (5 CTTTGCTCATTCAG 3) McDaniel, unpublished
holR (5" CAAGATCTTGCCAGAGTAC 3) McDaniel, unpublisloe
holaF (5 TGCTCATTCAGCTGGTGGTA 3)) This study

holaR (5 TGGACCTTGGATGACAGTAGG 3) This study

holbF (5 TCAGCTGGTGGTAGATTCAT 3) This study

holbR (5" ATGAGAACTGGACCTTGGAT 3) This study

rps3F2 (5 CATTTTCCTAAAAGGACATTCA 3)) Boles, unpublished

rps3R3 (5" TTTTTCMAATAATAATAACGACTG 3) Boles, unpublished
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TABLE 2. Characteristics of individual markers. Glensistency index; RI= Retention

index.
DNA region rps4 trnG psbT nads5 nad4-5 rps3 hol
Taxa included 59 50 59 59 43 50 39
Matrix length 687 676 540 1177 1056 411 773
Variable sites 194 170 92 193 128 27 411
Parsimony 104 100 62 81 63 20 240
informative sites
N° trees 10,000 10,000 10,000 10,000 128 10,000  @0,00
Tree length 329 280 135 234 159 34 695
Cl 0.699 0.7 0.77 0.787 0.811 0.794 0.777
RI 0.806 0.815 0.893 0.837 0.908 0.933 0.818
Model K81uf+G K8luf+G K81luf+G GTR+G HKG+G  HKY+G HK¥G

Log. Likelihood

-2727.113 -2365.998 -1442.227 -3255.538 -2516.325 -751.012 -4381.127
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TABLE 3. Characteristics of combined datasets drslibgenud/ernieri. Cl=

consistency index; RI= Retention index.

DNA region All mitochondrial ~ All Plastid Combined (all Vernieri
regions)
Taxa included 47 44 32 19
Matrix length 2644 1903 5320 2644
Variable sites 276 387 812 132
Parsimony informative 136 213 389 65
sites
No. trees 10,000 10,000 432 14
Tree length 367 609 1211 159
Cl 0.768 0.726 0.757 0.836
RI 0.841 0.791 0.737 0.814
Model HKY+I+G K81luf+l+G HKY+I+G HKY+G

Log. Likelihood -5959.697 -5992.954  -13896.096 -AS88
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TABLE 4. Results from the SH tests. Statisticallgrae trees at P< 0.05 are marked with

asterisk (*).

Constrained topology Treeused -InL Diff —In L P

T. portoricenset T. pluripuncatum  mt 4531.58633 26.79690 0.016*
Radulina + Taxithelium hb 4582.688247 48.45221 0.0001*
T. planunt+ T. concavurm T. Combined 12018.57370 26.29557 0.038*
nepalense

T. planum+ T. nepalense Combined 12018.57370 26.29557 0.046*
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Fig. 1. SEM pictures of papillae iFaxithelium A. Conical papillae, B. Baggy papillae, C

and D, undeveloped papillae from merrillii.

Fig. 2. Thenadb region in mosses.

Fig. 3. Maximum likelihood cladogram obtained frtwoll. Numbers at the branches are
bootstrap values and Bayesian posterior probaslitespectively. Only values above
50% and 95 are shown for bootstrap and posteraatnilities. Numbers after taxa

represent different accessions.

Fig. 4. Maximum likelihood phylogram obtained fraombined dataset (all markers).
Numbers at the branches are bootstrap values ayesBa posterior probabilities
respectively. Only values above 50% and 95 are sHonbootstrap and posterior

probabilities. Numbers after taxa represent dififeeecessions.

Fig. 5. Maximum Likelihood cladogram obtained fromDNA dataset. Numbers above
the branches are bootstrap and posterior prohabilralues respectively. Only values
above 50% and 95 are shown for bootstrap and paspepbabilities. New World taxa

are marked with an asterisk (*). Numbers after tamesent different accessions.

Fig. 6. Overview of Renauld and Cardot’s (1901 teysof classification. Continuous

line represents taxa in sectigeraand dashed line the sectidptera



Paulo Camara, 2008, Ph.D. Dissertation, p. 62

FIG. 1
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FIG 2
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FIG. 4
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Fig. 5
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FIG. 6
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CHAPTER 3

A RE-CIRCUMSCRIPTION OF THE MOSS GENUS TAXITHELIUM
SPRUCE EX MITT. (PYLAISIADELPHACEAE) WITH A

TAXONOMIC REVISION OF SUBGENUS VERNIERI

This chapter will be submitted to the Journal “Sysatic Botany”.

Abstract: Taxitheliumis newly circumscribed with two subgenefaxitheliumand
Vernieri. The subgenugernieriis revised and comprises eleven species; one from
Africa, two from the Americas and the rest from ®@ast Asia and Pacific Islands. A
new speciesl. damanhurianunis described from Seram, Indonesia. Morphometric

analyses were used to test species limits.

Keywords— Morphometrics, Sematophyllaceae, Southeast Asigrica
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Taxithelium a genus of pleurocarpous mosses (sensu La Fagjartl 1996)
traditionally associated with Sematophyllacea@rabably one of the most widespread
MOsS genera ithe tropics, occurring mostly between 80and 20°S, with most species
occurring in Southeast Asia, especially the Maleseagion (Damanhuri and Longton
1996; Ramsay et al. 2002a).

The main character that definéaxitheliumis the presence of multiple papillae
disposed in series on the lumina of leaf cells ¢eeax- tasd= arranged anthelion=
nipple). This is a rare character in Hypnales hzet been described only twice in
Sematophyllaceae. Other characters that are usafetognizing the genus are the
complanate branches with leaves having an alaomegith cells not nearly as well
developed as in most Sematophyllaceae.

Even though the most common species (é.gpJanumandT. nepalenseare
very common mosses in the tropics, there are a suoflpoorly known and less
common species dfaxitheliumand many names within the group. To date thene is
worldwide treatment for the genus and no systentgament for the African or Asian

species at all.

Taxonomic history—The genug axitheliumwas first recognized by Spruce (1867), but
the name was only later validly published by Mit{@869) in the tribe Sematophylleae.
Mitten provided a brief diagnosis and described/amle specied]. planum(Brid.) Mitt.
Brotherus (1925) placed the genus in the family &ephyllaceae, and many
taxonomists have subsequently followed this treatr(ditt 1984; Buck and Vitt 1986;

Tan and But 1997; Buck and Goffinet 2000; Ramsaf.62002). HoweverTaxithelium
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lacks the collenchymatous exothecial cells, lorgirede operculum, and inflated alar
cells that are otherwise diagnostic for SematoplogiheSeki (1969) suggested the
exclusion of the genus from the family, and morplatal cladistic analyses (Hedenas
1996; Tan and Jia 1998; Hedenés and Buck 1999katygested thataxitheliummight
not belong there.

Recent molecular studies (Buck et al. 2000; Tsubb#d. 2001a, b) show that
Sematophyllaceae s.l. includes two sister cladiescore sematophyllaceous taxa (e.g.,
SematophyllunMitt., AcroporiumMitt., andTrichosteleunMitt.), and a clade that
includesTaxithelium PylasiadelphaCardot,PlatygyriumSchimp, IsopterygiumMitt.
andBrotherellaLoeske. Tsubota et al. (2001a) called the latteugrtheBrotherella
lineage”. Based on these results, Goffinet and BEA0K4) described the new family
Pylaisiadelphaceae for thBfotherellalineage”. Although this group lacks any obvious
morphological synapomorphy, Goffinet and Buck (20& followed here and
Taxitheliumis included in Pylaisiadelphaceae. Relationshipisin Sematophyllaceae
s.s. and Pylaisiadelphaceae still remain unclear.

Since it was first described, the generic boundasf@ axitheliumhave been
stretched to fit a great variety of plants. Redarld Cardot (1901) dividebtaxithelium
into three subgener&olystigma(with several papillae disposed serially per ¢ell)
Oligostigma(with one or few papillae per cell, not serialiggbsed) andlonostigma
(with only one papilla per cell). The subgerimaystigmawas divided into three
SectionsVera(non aquatic plants with vesiculose alar cegtera(non aquatic plants
with quadrate alar cells) amdmnobiella(aquatic plants). Cardot (1905) created section

Anastigmafor a single species that is now placeéhyllodon(Buck 1987) and
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Brotherus (1909) created the subgeRssudohypnellalso for a single species now
placed in Hookeriales (Buck et al. 2005). Howe\@ns of the names created by
Renauld and Cardot cannot be used, because tiey faidefine subglaxithelium(an
autonymic section).

Later, Brotherus (1925) included plants withoutifpa@ within Taxitheliumbased
on similarities in leaf shape, alar cell developmand sporophyte features such as the
lack of collenchymatous exothecial cells and latlong rostrate opercula. This further
broadened the generic boundarie3 axitheliumand now makes it difficult to
differentiate morphologically from genera suchHalulinaW. R. Buck and B. C. Tan,
IsopterygiumandTrichosteleumMost taxonomists have largely rejected a concept of
Taxitheliumwithout papillae and some authors (e.g., Tan.et386; Ramsay et al. 2000)
have excluded species without papillae from loestments of axithelium
Consequently these “papillae-freBaxtheliumspecies have remained mostly ignored and
unplaced over the years. Not surprisingigxitheliumhas grown to more than 230
accepted names and is in great need of revision.

Detailed studies on even parts of the genus areBewk (1985) reviewed
Taxitheliumfor Brazil, and recognized only three speciBsplanum(Brid.) Mitt., T.
pluripunctatum(Renauld and Cardot) W. R. Buck ahduruensgBroth.) Broth.).
Although the genus was being revised worldwidenan1990s, only preliminary results
were published (Damanhuri and Longton 1996) anckffeet was halted. Ramsay et al.
(2002a) provided a local revision of six Australspecies, two species were included by

Sharp et al. (1994) in the “Moss Flora of Mexicotahree species in “Pleurocarpous
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Mosses of West Indies” by Buck (1998 axitheliumhas not been treated in floras for SE
Asia and Africa.

Molecular phylogenetic data (Camara and Shaw, unpaka) show that 1)
Taxitheliumis monophyletic and is composed by two stronglysuted clades, each of
which can be recognized by a particular papillaghotogy, 2) pluripapillose leaf cells
are synapomorphic faraxitheliumand 3) some species baxitheliumhave lost the
papillae. The latter conclusion supports the vieWBrotherus (1925), who recognized
within the genus species with smooth leaf celldaided study of micro-morphology of
papillae (Camara and Kellogg unpubl. data) showatiguch smooth leaf cells might

have small, undeveloped papillae, only visible uridle SEM.

Circumscription— Detailed study of the morphological characterspafcses included in
Taxitheliumled to the rejection of the currently accepteduwinscription ofTaxithelium
proposed by Renauld a@hrdot (1901). Most of the species they included in
Taxitheliumbelong to other genera suchRis/llodonBruch and SchimpTrichosteleum
AcanthorrhynchiunM. Fleisch. andraxiphyllumM. Fleisch. Many species of
Taxitheliumdescribed after 1901 would not fit at all into Reld and Cardot’s concepts,
and many characters considered important in gep&cement today, such as
pseudoparaphyllia and perichaetial leaves, weherignored or were not known at that
time. In addition, the subgeneric classificatidiRenauld and Cardot (1901) is not
supported. The molecular study of Camara and Shamufished) showed that Renauld
and Cardot’s groups are polyphyletic and providgspsrt for the new circumscription

and infrageneric classification daxitheliumpresented here.
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Objectives—In this paper | will: 1) provide a new circumscrigat for Taxithelium2)
evaluate the distinctiveness of proposed taxa ugirggtitative data and statistical
analyses as well as discrete qualitative charaateis3) provide a taxonomic revision of

the subgenu¥ernieri. A revision of subgenuBaxitheliumwill be presented elsewhere.

METHODS
Taxonomy-Loans totaling 6,200 specimens have been obtdéined29 herbaria (B,
BM, BR, CANB, DUKE, E, FH, G, H, JE, L, M, MG, MICHMO, NICH, NY, NSW,
PC, PHS, S, SING, SINU, SP, TSN, UB, UPS, US, Vgecinens were re-hydrated in
boiling water and then mounted in Hoyer’s solut{dnderson 1954). All observations
and measurements were made from mounted materthg@ecies were evaluated on the
basis of morphological differences.

Typifications are provided for all species and ¢sinsf two parts: a) Protologue,
which contains the exact information “verbatim”rfrxdhe protologue; information within
brackets indicates relevant information given ia ¢higinal paper, but absent from the
description, and b) citation of the type, but witinimum information obtained from the
specimen (usually only collector and number) ireottd facilitate its location.

The morphological terms used are defined and rétestl in Gradstein et al.
(2001) and Magill et al. (1990). All measurementyavmade from leaves taken from the
middle of the stem or branch using specimens peejpiarHoyer’s solution, and viewed

under a Nikon Labophot-2 light microscope. Abbréeia of authors follows Brummitt
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and Powell (1992). Abbreviation of journals folloB®H. The selected material
represents one plant per locality.

Species are recognized on the basis of their méwgloal differences, using both
gualitative and discrete characters. Molecular evag, when available, is used to

support the species circumscription, assuminggpaties are monophyletic units.

Morphometric analysis—Of the 6,200 specimens seen, about 900 belongie to
subgenud/ernieri. These were separated into groups on the bagi®s$ morphological
similarities; twelve of these groups were recogaias “morphogroups” and are
numbered from 1 to 12.

A set of 100 herbarium specimens (including glety) was sampled across all
morphotypes including the extent of geographic mwdphological variation
encompassed by the subgenus. Measurements weneatak@nalyses were performed
using SPSS (version 16.0 for Macintosh).

Initially 11 morphological quantitative charactevere selected for study: 1) leaf
length, 2) leaf width, 3) leaf cell length, 4) le=l width, 5) perichaetial leaf length, 6)
perichaetial leaf width, 7) perichaetial leaf detigth, 8) perichaetial leaf cell width, 9)
seta length, 10) rhizoid length and 11) spore diam&ome characters (4, 8, 10) were
later discarded due to low eigenvalues in PCA cahbse they showed no variation, so
eight characters were included in the final anaysgincipal Component Analyses
(PCA) and Discriminant Analyses (DA) were used étedt morphological groups and to

check the validity of these groups respectively.
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RESULTS

1. Circumscription

Based on molecular evidence (Camara and Shaw, urgaib), detailed study of
the morphology of papillae (Camara and Kellogg,ubipdata), morphometric analyses,
and careful study of discrete morphological chaagttwo main groups can be
recognized within the gendsaxithelium

The first is subgenuBaxithelium it comprises some of the most common and
widespread moss species in the tropics (€.golanumandT. nepalenseand includes
about 85% of allTaxitheliumspecimens deposited in herbaria. It correspontiseto

“Planumclade” of the molecular study of Camara and Shawp(bl. data).

It can be recognized by its oblong, dorsiventratiynplanate branches and leaves
alternately disposed along the stem and the presafrfoliose pseudoparaphyllia.
Papillae within this group are of the “baggy” shg@é@mara and Kellogg, unpubl. data)
and undergo changes of shape during developmegt)yBzapillae only occur in
TaxitheliumsubgenTaxitheliumand constitute a synapomorphy for the group. A few
species in this subgenus may lack papillae, avaluteonary loss. In general, there is

little morphological variation within this group.

The second is subgenusgrnieriand comprises plants with much more variation
in morphology, yet is represented by fewer specsnernerbaria. It corresponds to the
“Verniericlade” cited in Camara and Shaw (unpubl. dataartbe recognized by the
presence of spiral, patently disposed, lanceotateds and filamentous

pseudoparaphyllia. Numerous or few papillae sdyiatisposed over the cell lumina
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always occur in this group; the papillae are oficalnshape throughout development

(Céamara and Kellogg, unpubl. data).

2. Morphology

Stem anatomy-The stem anatomy shows no variation within the wlggnus. The total
absence of a central strand is the only featumetefest (Fig. 1F)
Branching— Branching patterns show little or no intraspeciéiation. Branches are
mostly creeping, sometimes long-ascending. Bramgchanies from having no particular
arrangement to being subpinnate. The presenctaofdntous pseudoparaphyllia is
constant and a diagnostic feature of the subgenus.
Leaves—These are highly variable within subgeMesnieri.
1) Papillae: A diagnostic feature present in ai@es ofVernieriis the presence of
seriately arranged papillae over the lumina ofléimeinal cells. Even though the number
of papillae can vary, no leaf cells lack papillas pposed to some taxa in subgenus
Taxitheliun). The papillae may be very obvious and sometimaisenthe leaf appear dark
(e.g.,T. levier), or they may be few and difficult to see (e1g.ramivagun

The only other Sematophyllaceous genus with plpiljse leaf cells is
Raduling butRadulinais easily distinguished frorhaxitheliumby the distally verrucose
seta, collenchymatous exothecial cells, and inflated colored alar cells, all which are
lacking inTaxithelium The phylogenetic studies of Camara and Shaw @ingata)

show thatRadulinais not immediately related fPaxithelium
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2) Costae: The costae are highly variable. Theyswally absent, but when present they
are always double and short. This feature may wattyin the same individual, although
T. muscicolaappears always to have a distinct double costortimately, the sampling
for this taxon was very poor (see taxonomy section)

3) Alar cells: Always present, but usually not wediveloped. They resemble alar cells of
Hypnaceae (Fig. 1A, B), and usually consist of amtg or two rows of cells that are
neither colored nor inflated. However in a few sped. lindbergii, T. muscicola, T.
levieriandT. damanhurianuirthe alar cells are well developed (Fig. 1C, Dmstimes
resembling those typical of Sematophyllaceae, aljhalways much smaller. Such
developed alar cells are not traditionally asseciavith Taxithelium

4) Leaf shape and size: Leaves vary consideraldhape. They are usually concave and
lanceolate, or more rarely ovate to oblong. Thegnarcan be entire or serrulate; the
apex is mostly acuminate or acute, and it too,beaantire or serrulate. Leaf size ranges
from 0.3—2 mm long and 0.08-0.40 mm wide, but withispecies there is much less
variation, with plants tending to have smallér §amanhurianurandT. kaernbachi) or
larger [T. muscicolaandT. ramivagumleaves. The branch and stem leaves usually do
not differ in size, but when they do, the stem &saare usually slightly larger than the
branch ones.

5) Leaf cells: These aresually linear (or long-linear), varying from 30— in length

but with little variation in width (ca. 2 pm wide€jaxithelium kaernbachihaving more
rhombic cells close to the margins, is an exception

Perichaetia—Variation inperichaetial leaves is extensive. They can begdtikam,

lanceolate or ovate, with size ranging from 0.45Ir8n long and 0.15-0.8 mm across;
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the apex is usually distinct, being long-aristaddpng acuminate or setaceous. The
margins can be entire or serrulate; and sometihveasare serrulate only at the apex.
Costae are mostly absent but when present theshareéand doubl€l. isocladum

which has single costa (when present), is an eiare@oth laminal and apical cells are
either pluripapillose or smooth. There is littléraespecific variation in any of these
perichaetial features but perichaetial leaves @wdby useful in distinguishing between
species.

Rhizoids—Rhizoids araisually yellowish to reddish; they can ééherclustered or
evenly distributed on the ventral surface of tlesrst

Sporophyte—Most sporophyte structures show little or no vasiatOne character that
does vary within the subgenus is seta length, &hdwghTaxitheliumhas been thought
to lack a long-rostrate operculum, this featungressent iril. planissimunandT. levieri

(in subgenud/ernieri). Similarly, collenchymatous exothecial cells gemerally absent,
but are known fronT. damanhurianungFig. 1E) alone, although weakly
collenchymatous cells are seen in some New Woxal. t8pores vary from 10—-20 pm in

diameter.

2.1 Morphometric analyses

Three different PCA analyses were performed: duding all taxa, b) excluding
taxa from the New World, and c) excluding all thellvdefined groups present in the
previous two analyses.
Analyses with all taxa—A total of 69.8% of the variation was explainedthy first three

components. Component 1 explains 32.6 % of thatian, and mostly reflects variation
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in perichaetial leaf length, leaf length and peaietal cell width. Component 2 explains
20.4% of the variation and reflects variation mpsil perichaetial leaf width, leaf width
and seta length. Component 3 explains 16.7% ofdhiation and reflects variation
mostly in leaf cell length, seta length and peretia leaf width.

Five distinct groups can be recognized (Fig. 2) fitts¢ is formed by
morphogroups 4, 6 and 9, the second by morphodsothge third by morphogroup 10, a
fourth one by morphogroups 1, 3, 7, 8, 11, 12 ptuwe from 2, and a fifth and last group

is composed by the remaining members of morphog2oup

Analyses of Old World taxa—New World taxa were excluded to allow a better
resolution on a geographical scale.

A total of 72.6 % of the variation was explainedfiost three components.
Component 1 explains 39.1 % of the variation, agdthy reflects variation in leaf width,
leaf length and seta length. Component 2 repredén®s% of the variation and reflects
variation mostly in leaf width, leaf cell lengthcseta length. Component 3 represents
14.2 % of the variation and reflects variation most leaf cell length, leaf length and
seta length.

Four groups can be recognized, one composed byhogrpups 4, 6 and 9 (also
present in the previous analyses), the second loghogroup 5, a third by morphogroup
10 and the last by morphogroups 3, 7, 8, 11 an@FitR 3)

The last group is a little more distinct than ie firevious analyses. This was

expected because the New World species that werevetrl were intermediate between



Paulo Camara, 2008, Ph.D. Dissertation, p. 80

it and the other major unresolved group. Nonetlseld® cluster of morphogroups 3, 7,

8, 11 and 12 it is still very diffuse.

Analyses excluding well-defined groupsWith the exclusion of well-defined groups |
expected to increase resolution of unresolved g oo decreasing the distance between
the remaining points.

A total of 73.1 % of the variation was explaingdtbree components.
Component 1 represents 27.5 % of the variation raftelcts mostly variation in leaf
width, perichaetial leaf length and perichaetidl lssgth. Component 2 represents 26%
of the variation and reflects variation mostly grighaetial leaf width, leaf length and
leaf cell length. Component 3 represents 19.5%@#ariation and reflects variation
mostly in leaf length, perichaetial leaf width dedf width.

Like the previous analyses, morphogroups 4, 6,%afwimed a cloud in
morphological space. Groups 3 and 11 are distsigpa from this cloud by factor 1 (Fig.

4). Morphogroups 8 and 12 are separated by f&c(brg. 5).

Discriminant analyses—-The same data used in the third PCA (analyseutith
distinctive groups) were used here. Results shaivrttorphogroups 7, 8, 9 and 11 can be

differentiated (Fig. 6), but morphogroups 3 + 12 dnt+ 6 could not be separated.

Discussion of multivariate analysesMorphogroups 1 and 2 are the only ones from the
Americas, and although diffuse in the analysetefwhole group (Fig. 2) they can also

be differentiated from each other by qualitativerpihmlogical characters, such as the
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presence of falcate leaves and smooth perichaegibtells in morphogroup 1 versus
symmetric leaves and papillose perichaetal led$ ael2. They were also shown to be
distinct (boostrap support > 80%) from each otmel faom the rest of the morphogroups
in the molecular studies of Camara and Shaw (unplaibd). Therefore, both groups are
recognized as separate species.

Morphogroups 5 and 10 were recognized as distinahalyses A and B (Figs. 2
and 3). Plants in morphogroup 10 have collenchyosagxothecial cells, a unique feature
within Taxithelium Plants in morphogroup 5 were distinct in the roolar study of
Camara and Shaw (unpubl. data). Both are recogaigetistinct species.

Morphogroups 4 and 6 were frequently associated it the PCA. They all (4,
6 and 9) share well developed alar cells, but magpbup 9 has entire leaf margins,
whereas both morphogroups 4 and 6 have serratenk@ins. Also plants in
morphogroup 9 are endemic to Australia while mogvbaps 4 and 6 have overlapping
geographical distributions in Southeast Asia. Toralgination of well-developed alar
cells and large, lanceolate leaves with entire marim morphogroup 9 is very distinct; |
recognize morphogroup 9 as a distinct species.

Morphogroups 4 and 6 on the other hand lack aniitgtiee characters that
distinguish them. Furthermore, they were inseparhbth in the PCA analyses and in the
molecular study of Camara and Shaw (unpubl. datether they constitute a
monophyletic unit. | infer that morphogroups 4 @&are two forms of the same species.
Morphogroup 4, rather larger, is mostly from hidfitades, and morphogroup 6 is
smaller and mostly from the lowlands. These diffiees in habitat may be related to the

differences in size between the two groups.
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Morphogroup 11 can be recognized as distinct intraoalyses (Figs 2, 3 and 4),
particularly in analyses of Old World taxa along(ME). Plants within this morphogroup
have been shown to be distinct also in the moleatialies of Camara and Shaw
(unpubl. data), and are recognized here as a clisjrecies.

Morphogroup 3 also is recognizable in some anal{fSgs 3 and 4), but in
analyses with well-defined groups excluded (Figt & nested with morphogroup 7. The
two are easily separated by the well-developedcids of morphogroup 3 that are
absent in 7; also both are distinct (bootstrap % B the molecular study. The two are
recognized as distinct species.

The last two morphogroups (8 and 12) are distirigabse only in the analysis
with well-defined groups excluded (Fig. 5). Howettse two have distinct geographic
distributions, 12 being endemic to mainland TropAfaica and 8 occurring only on the
Pacific islands. They also differ in papillosityprnphogroup 8 being strongly papillose
and 12 scarcely papillose. The leaves on morphg@gBoare constricted at the base with a

narrower apex. The two morphogroups represenndisspecies.

Discussion on DA-Discriminant analyses are mostly congruent witiAP@ith
morphogroups 7, 9, 8 and 11 recognized as dististb in the DA morphogroups 4 and
6 were inseparable (as in the PCA); they also éagkqualitative differential characters
and molecular evidence to distinguish them, suppgpthe argument above that they
should be recognized as single species.

The only difference in results between the PCA RAds that groups 3 and 12

could not be separated in the latter (Fig. 6). Hewelants in morphogroups 3 (distinct
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in Figs. 3 and 4) and 12 (distinct in Fig. 5), t@neasily distinguished from each other
by the well-developed alar cells present in morpbog 3 (and absent in 12), and plants
in morphogroup 12 have perichaetial leaves withusate apex (entire in 3). They also
have very different geographical range, with moggbap 3 being found only in the

Pacific Islands whereas 12 is found only in Africa.

Conclusions on morphometrics-Based on these results eleven of the twelve gonas
morphogroups are recognized taxonomically in thislgand are treated as distinct
species. The results of the morphometric studyelgrgomplement the molecular data

showed by Camara and Shaw (unpubl. data).

TAXONOMIC TREATMENT

Taxithelium Spruce ex Mitt., J. Linn. Soc., Bot. 12: 496. 1869
Type: Taxithelium planuniBrid.) Mitt., J. Linn. Soc., Bot. 12: 496. 1869.
TaxitheliumSpruce, Cat. Musc. 14. 186¥gm. nud.HypnumHedw. secOmalia
Mull. Hal. subsectSigmatellaMull. Hal., Syn. Musc. Frond 2: 263. 183ypnum
sect.Sigmatella(Mull. Hal.) Mull. Hal., J. Mus. Godeffroy 3(6): 86.874;
Trichosteleunsect.Sigmatella(Mull. Hal.) A. Jaeger, Ber. Thatigk. St. Gall. tNa
Gess. 1876-77: 411. 1878igmatella(Mull. Hal.) Mull. Hal., Bot. Jahrb Syst. 3:
328. 1896.

Type:Hypnum planunBrid., Musc. Recent. Suppl. 2: 97. 1812.
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Plants small to medium sized, forming mag&temscreeping, branching without order to
subpinnate, long ascending or not; central stréuserat; pseudoparaphyllia foliose or
filamentose, branches complanate or tei®tem and branch leavesisually similar,
sometimes falcate-secund, erect to wide-spreatinogdly oblong-ovate to lanceolate,
0.3-2 x 0.08-0.70 mm; margins entire or serrukgpex obtuse to acuminate; costa
double and short or absent; laminal cells line@+8% % ca. 2 um, seriately papillose
over the lumina, sometimes smooth, never unipagallthin- or thick-walled; alar cells
few, quadrate in basal angles, sometimes inflateldcalored Asexual propagula
absentAutoicous. Perigonia lateral; paraphyses present; antheridia 3-5; peiad

leaves lanceolate to oblong, concave; costae gldaemnal cells linear, lax, usually
pluripapillose; alar cells not differentiatd@erichaetialateral; paraphyses present;
archegonia 3-5; perichaetial leaves lanceolatevatep 0.4—-1.8 x 0.15—-0.8 mm; apex
acuminate or aristate; costae absent, single ot ahd double; laminal cells linear, 24—
95 x ca. 2 um, lax, pluripapillose or smooth; akalts not or rarely differentiate&etae
elongate, slender, smooth, 4.8-25 mm |&gpsulesinclined or erect, asymmetric,
ovoid or cilindric, constricted below mouth wherogerculate; 0.5-1.2 mm long;
exothecial cells subquadrate, thick-walled, sliglethllenchymatous or not; annulus not
differentiated Operculum short, rarely long, conic or obliquely conic-ragg, 0.3—0.8
mm long.Peristomedouble, hypnoid, exostome teeth narrowly triangwath ziz-zag
median line, cross-striolate below, papillose abtrabeculate at back; endostome with a
high basal membrane, segments keeled, papillosadpkeeled, perforate, as long as the
teeth; cilia single, narrow, nodulosgporesspherical, smooth or finely papillose, 7-20

pnm acrossCalyptrae cucullate, naked, smooth.
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Species ofraxitheliumare yellowish-green to dull green creeping plavith
lateral sporophytes. The leaves vary from compt&ifatate to spirally disposed and
ovate to lanceolate, sometimes falcate. The cedléimear or rhomboid; in many species
each cell bears multiple papillae arranged in liovsr the lumina. A differentiated alar
region is present, but is not as well developeith asher sematophyllaceous genera, the
cells rarely being inflated and often not coloréde diplolepideous sporophyte is
hypnalean; it has a conic or apiculate (rarely looggrate) operculum and the calyptra is
usually cucullate. Most variation in morphologyfasind in the gametophyte, the
sporophyte characters being very constant.

Taxitheliumalar development is more similar to that in Hyprecand does not

fit into the classification of alar cells for Semophyllaceae by Tan and Jia (1999).

Taxithelumsubgenud axithelium

Type: Hypnum planumHispaniolaPoiteau s.n(B!).

Axes complanate, pseudoparaphyllia foliose, leavase to orbicular.

Taxithelumsubgenu®ernieri subgenus novum

A subgenus Taxithelium in foliis lanceolatis, spgrghaud complanatis) dispositis et

pseudoparaphyllis filamentosis (haud foliosis)etif
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Axes with spreading leaves, pseudoparaphyllia #atose, leaves lanceolate to oblong-
lanceolate
Type: Taxithelium vernier(Duby) Besch.Hypnum vernierDuby, Flora 58: 285.
1875.

Etymology:Vernierirefers to the collector, the missionafgrnier.

Key to the subgeneraof Taxithelium
1. Plants complanate with ovate leaves; pseudopwitegpfoliose...... Subg.Taxithelium
1. Plants with spreading and lanceolate leavesiduggraphyllia filamentous........ Subg.

Vernieri

Key to the species in subgenugernieri
1. Plants from the AMEIICAS. ... .ove et e e e e e 2
1. Plants from €ISEWNEIE. .. ... e e e e e, 3

2. Leaf falcate; perichaetial leaves pluripapd@nd serrulate...d.. pluripunctatum

2. Leaf symmetric; perichaetial leaves smoothemtde.............. 9T. portoricense
3. Alar cells well developed...........cocoiiiii e 4
3. Alar cells not or poorly developed..........ccve i e, 7
4. Leaves with margins serrulate at apex..................cowuwme...... 5. . T. lindbergii
4. Leaves wWith entire Margins .......c.ooo oo e e e e 5
5. Exothecial cells collenchymatous, perichaegalks less than 1mm long......T1.

damanhurianum

(62

. Exothecial cells not collenchymatous, periclad¢iaves more than 1mm
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6. Leaves linear-lanceolate, perichaetial leavésewulate at apex....8. muscicola

6. Leaves oblong-lanceolate, perichaetial leawesgly serrulate at apex.#. levieri

7. Leaves less than 0.6 mm long, oblong to eligptic.................3.T. kaernbachii
7. Leaves more than 0.6 mm long, oblong to lanteola.....................c.cooonis 8
8. Perichaetial leaves with entire margins..............c.ccoviiiiiiiiiiccn e 29
8. Perichaetial leaves with serrate margins.............oo i cemcm i vei i, 10
9. Leaves scarcely papillose, 1-1.6 mm long, franicA............. 10.T. ramivagum

9. Leaves strongly papillose, 0.6 —1.2 mm longnf@acific islands....11T. vernieri

10. Operculum long rostrate, perichaetial leavelh wiost cells pluripapillose....T.
planissimum

10. Operculum shortly rostrate, perichaetial leaviels pluripapillose cells only at

21 0] G P 2T. isocladum

1. Taxithelium damanhurianum P. S. Camara. The Bryologist 111. 20@8press
Holotype: INDONESIA, Seram, Manusela National PaBgwai, Akiyama

9329(NYY). Fig. 7.

Plants small, forming golden-yellow matStemcreeping, long-ascending branched.
Stem and branch leavesame, erect-spreading, concave, 0.52-0.88 x 0.20-Am,
linear-lanceolate, margins serrulate; apex acumjiaininal cells linear, 70-74 x ca. 2
pum, seriately papillose over the lumina, thick-wdllbasal cells sometimes smooth;
costae absent; alar cells well differentiated, wiimg of 1-2 rows, 1 of inflated,
vesiculose and not colored cells, supra alar celtsnflated.Rhizoids evenly distributed

along the stemPerichaetial leaved.4-0.6 x 0.14-0.25 mm, ovate, margins entirexape
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setaceous; laminal cells linear at mid-leaf, 40x4f. 2 um, thick-walled, quadrate and
smooth at base, pluripapillose at apex; costaengbalar cells well develope&etae7—
10 mm longCapsulesinclined, asymmetric, ovoid, 0.5-0.8 mm long; évwemtial cells
guadrate, strongly collenchymato@perculum not seenSporessmooth, 16—-20 um

across.

Notes: This new species resemblEsmuscicolabut is much smaller and narrower. The
spores are also different; Th muscicolahey are finely papillose and only 12—16 pum
across, while if. damanhurianunthey are 16—20 um across and smooth. Although the
plants ofT. damanhurianunare smaller than those ©f muscicolahey have larger
spores.

Unique toT. damanhurianunare the strongly collenchymatous exothecial cells
(Fig. 1E). These, along with the relatively wellvéped alar cells, make it look like
Raduling butT. damanhurianuns a much smaller plantaxithelium damanhurianum
also lacks any papillae on the ségadulinahas distally papillose setae), and the alar
cells are much less developed and neither inflatectolored like the ones found in
Radulina No phylogenetic data are available at the morteewnerify the placement of
this species and therefore it is more appropr@ateetp it inTaxithelium Unfortunately,
few collections of this plant are known and moleculata are unavailable.

Taxithelium damanhurianums restricted to the Island of Seram, Indonesig. (F

8), where it is ephyphyllous and occurs between-680 m of altitude.

Representative Specimens Examined (paratypesINDONESIA. SeramManusela

National ParkAkiyama9409, 9923NY).
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2. Taxithelium isocladum (Bosch & Sande Lac.) Rendul@ardot, Rev. Bryol. 28: 111.
1901; Hypnum isocladunBosch & Sande Lac., Bryol. Jav. 2: 173. 272. 1867.
Protologue: [Indonesia], Habitat insulaBancg in sylvis Batoeroesakm. Jul.

1858 legit KURZ. HolotypeKurz s.n.(L!). Isotype: H! Fig. 9.

Taxithelium deningeriHerzog, Hedwigia 61: 298. 191%yn. nov.Protologue:
[Malacca, Malay Peninsula], “Batang Padang Talf. [E. Stresemann, Nr.

89. Holotype Stresemann s.{JE!). Isotypes: S!, BM!

Taxithelium isocladioide®ixon, Bull. Torrey Bot. Club 51: 243, 4 f. 1. 19Z&yn.
nov. Protologue: [Malay Peninsula], Hab. Bujong Makc®erak, 1898;

Ridley (737) in herb. Mitten. Holotyp®idley 737(BM!).

Taxithelium werneri(Herzog) Broth., Nat. Pflanzenfam. (1) 11: 443925;
Trichosteleum werneriHerzog, Hedwigia 49: 126. 190%yn. nov
Protologue: New Guinea. Hab. Auf abgefallenen Brléattbei Gelustation
(Finisterregebirge), ca 800m; August 1907, leg. BrWerner. Holotype:

Werner s.n(JE!).

Taxithelium epiphyllunBroth., Mitt. Inst. Allg. Bot. Hamburg. 7(2): 136928,syn.
nov. Protologue: West Borneo: Am oberen Serawei, uthmQauf Blattern.

(Hans Winkler n. 3145). Holotyp&Vinkler 3145(H!).
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Taxithelium magnurMl. Fleisch. varlaticuspisZanten, Nova Guinea, Bot. 10(16):
343, pl. 31, f. 4. 1964syn. nov Protologue: [New Guinea], Mt. Antares,
Camp 39a, 1500 m, July 4 No 44@ahter). Holotype: Zanten 440(L!).

Isotypes: BM!, NICH!

Nomenclatural note:

1. Even though the Mitten herbarium is at NY thgetyf this species was found at BM.

Plants large, forming golden-yellow matStemscreeping, long—ascending branched.
Stem and branch leaveslightly differentiated; stem leaves larger anager, erect-
spreading, concave, 1.0-1.5 x 0.28-0.45 mm, obla@mnceolate, margins entire; apex
entire, slighlty acuminate; laminal cells line4®-50 x ca. 2 um, seriately papillose over
the lumina, thick-walled, basal cells sometimes atimocostae short and double or
absent; alar cells poorly differentiated, consgptrfi 2 rows, not inflatedRhizoids evenly
distributed along the sterRerichaetial leavesl.5-2.5 x 0.30-0.40 mm, narrow-
lanceolate, margins entire at base, serrulateeat; pex setaceous; laminal cells linear,
50-65 x ca. 2 um, thick-walled, pluripapillose oatyapex; costae absent or single; alar
cells poorly differentiated with 2 rows, not inak Setae5—-10 mm longCapsules

erect, asymmetric, ovoid, 0.6—0.8 mm long, cons&ddelow mouth; exothecial cells
subquadrate, not collenchymatoQgerculum short, conic or obliquely conic-rostrate,

ca. 0.3 mm longSporesfinely papillose, 15-20 pum across.
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Notes:Molecular data show this species to be monophy{€@&mara and Shaw, unpubl.
data). Its large leaves with entire margins andlgabfferentiated alar cells distinguish it
from others in subgenigernieri. The perichaetial leaves are unusually long atehof
ecostate but sometimes they have a single subpentwosta, a unique feature within the
subgenus. Some specimend akitheliumisocladummay resembld@. ramivagun(see
notes onl. ramivagum

The species occurs only in Southeast Asia, in N&algsg. 10). It grows on tree

trunks, twigs and as an epiphyll, from sea level,&00 m.

Representative Specimens ExaminedNDONESIA. Kalimantan, Pontianak,edrui
2332(G); Kalimantan, SeraweWinkler 3145H); Irian JayaBrass 13634MICH);
Java, Tijibodaskleisher s.n(JE); Sumatra, BangkKurz s.n.(L, H).

MALAYSIA . Malacca:Stresemann 8QE, 3, Ridley 7371BM); Genting
Highlands:Camara 87QMO); SarawakEverett s.n(M); SelangorCamara 974MO).

PAPUA NEW GUINEA Mt. AntaresZanten 44QL, BM, NICH); Morobe,
Werner s.n(JE).

PHILIPPINES Luzon,Ramos 2216GNY).

SINGAPORE sine locoRidley 37(H).

3. Taxithelium kaernbachii (Broth.) Broth., Nat. Pftmmfam. 1(3): 1091. 1908;
Trichosteleum kaernbachBroth. Bot. Jahrb. Syst. 17: 480. 1893. Protologue
Nova Guinea, Gogolexpedition (L. Kaernbach). IseKaernbach s.n(BM!,

FH!). Fig. 11.
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Taxithelium perminutunBroth., Bot. Jahrb. Syst. 24: 267. 18%yn. nov Protologue:
Kamerun: Mokundange und N’'dian, an Steinen (Dusérd30). Holotype:

Dusén 103({H!"). Isotypes: PC!, S!, BR!

Taxithelium petrophilunR. S. Williams, Bull. New York Bot. Gard. 8(31)7@. 1914,
syn. nov Type: [Philippines], Lamao River, 75 meters, atk;, Dec. 1903

[Robert Williams 865]. Isotype8Villiams 865(US!, FH!, H!).

Taxithelium bakeriBroth., Philipp. J. Sci. 13: 218. 1918yn. nov Protologue:
[Philippines], LUZON, Laguna Province, Los BafioBaker 2379, 2400

Lectotype (designated her&aker 2379H!). Syntype:Baker 240Q(FH!).

Taxithelium archboldiE. B. Bartram, Brittonia 9: 53. 1953yn. nov Type: [Papua New
Guinea], Baiawa, Moi Biri Bay, 60m, on rocks inmaforest, 22175 (type).

[Brass]. HolotypeBrass 2217%FH!). Isotypes: NICH!, H!

Nomenclatural notes:

1) No type ofTaxithelium kaernbachivas found in Brotherus herbarium in H.

Plants very small, forming dark-green ma&emscreeping, freely branche8tem and
branch leavesslightly differentiated, stem leaves slightly beggerect-spreading,

complanate, 0.30-0.55 x 0.12-0.26 mm, lanceola&tepwargins entire; apex acute;
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laminal cells linear, 28—-36 x ca. 2 um, seriatepifjose over the lumina, thick-walled;
costae absent; alar cells not differentiatedizoids clustered beneath the stem.
Perichaetial leaves0.4—-0.8 x 0.16—0.30 mm, triangular, margins enépex long-
aristate; laminal cells linear, 24-30 x ca. 2 gmgk-walled, smooth; costae absent; alar
cells not differentiatedSetae4—7 mm longCapsulesinclined, asymmetric, long-ovoid,
0.6—0.8 mm long, constricted below mouth; exotHex@ls subquadrate, not
collenchymatousOperculum long, obliquely conic-rostrate, ca. 0.3 mm lo8gores

smooth, 7-8 um across.

Notes: This species can be easily identified by its small sizeomparison with all other
Taxitheliumspecies. Sometimes the strong papillation oféaédells can give the false
impression of a serrate leaf margliaxithelium kaernbachalso has the smallest spores
observed in the group. It resembles plants in sagjEaxitheliumin its leaf shape and
more rhombic leaf cells. However, the presencélainentous pseudoparaphyllia, as
well as molecular data (Camara and Shaw, unputd),dalace this species in subg.
Vernieri.

Taxithelium kaernbachis known only from a few collections but from aye
wide area, having been collected in Malesia, Caoreemd the Seychelles (Fig. 12). Itis
most likely to be undercollected due to its veryalirsize (leaves are less than 0.5 mm).

It grows on rocks and rarely on tree trunks at &owl elevations.

Representative Specimens ExaminedSAMERUN. N’Dian, Dusén 103@PC, H).
FIJI1. Viti Levu, Buck 7108NY); Koro, Smith 1024NY).

MALAYSIA. Selangor, GombakCamara 963 MO).
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PAPUA NEW GUINEA. BaiawaBrass 2217%FH, H, NICH); SimbongNyman
73 (NY).

PHILIPPINES.Lamao river Williams 865(FH, H, US); LuzonPenecilla 10347
(PNH).

SEYCHELLES.Valle de Maj Onraedt 1571BR).

4. Taxithelium levieri (Broth. & Geh.) Broth., Natflnzenfam. ed. 2, 11: 443. 1925;
Trichosteleum leviemBroth. & Geh. Biblioth. Bot. 44: 23. 19. 1898. Riogue:
Papua Onin, Tangion Bair, sub No 147, 9 april 1fB&cari]. Holotype:

Beccari 147(H!). Isotypes: JE!, FH! Fig. 13.

Taxithelium horridulumBroth., Philipp. J. Sci. 8: 90. 1913yn. nov.Protologue:
[Philippines], Luzon, Province of Laguna, Mount Bgao, on dead trees,
altitude 800mpBur. Sci. Robinson 9778lolotype:Robinson B. S. 997@!).

IsotypesBM!, FH!, NY!

Plants medium sized, forming lax, yellow-opaque m&temcreeping, freely branched.
Stem and branch leavesimilar, wide-spreading, concave, 0.74-0.90 x-001%5 mm,
lanceolate, margins entire, convolute; apex adaiginal cells linear, 60—65 x ca. 2 um,
strongly seriately papillose over the lumina, thweélled; apical cells papillose; costae
absent; alar cells well differentiated, consistrig—2 rows, sometimes colored.
Rhizoids clustered beneath the steRerichaetial leavesl.2—-1.6 x 0.2—0.3 mm,

lanceolate, margins entire; apex aristate; langels linear, 60-86 v ca. 2 um, thick-
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walled, smooth; costae absent; alar cells notdiffeated Setaeca. 5.0 mm long.
Capsulesinclined, asymmetric, ovoid, 0.6—-0.8 mm long, ¢dnted below mouth;
exothecial cells subquadrate, not collenchymatGp&rculum long, obliquely conic-

rostrate, ca. 0.8 mm lon§poresfinely papillose, 15-20 um across.

Notes: The convolute margins of the leaves in this spaeisemble those df.
portoricensebutT. levierihas well-developed alar cells, smaller leavessarahger
papillation wherea$. portoricensénas poorly developed alar cells and larger leavies.
two species do not overlap in geographical range.

Taxithelium levieris restricted to Southeast Asia (Fig. 14), Maleaiad some
Pacific islands (Fiji, Tonga, Niue). It grows oedrtrunks, rotten tree stumps and on

volcanic blocks, between 270-1170 m of altitude.

Representative Specimens ExaminedNDONESIA. Bali, Touw 24745L); Irian Jaya,
Brass13764(MICH); Java,Nyman 8752W); SeramAkyiama 94094NY).

PHILIPPINES. MindanadBartlett 15933(MICH); Luzon,Robinson B. S. 9773
(H, BM, FH, NY).

NIUE. sin. loc.,Yuncker 1025{NY, MICH).

FIJI. Taveuni,A. C.Smith 793NY); Viti Levu, Buck 7338NY).

SAMOA. sine locoVaupel 152JE).

TONGA. sine loco,Yuncker 1617%NY).

5. Taxithelium lindbergii (A. Jaeger) Renauld & Card®ev. Bryol. 28:111. 1901;

Trichosteleum lindbergiA. Jaeger, Ber. Thatigk. St. Gallischen Naturwizss.
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1876-77: 412. 187&ypnum lindbergiiSande Lac.Bryol. Jav. 2: 172. pl. 271.
1867,nom. illegit. Protologue: Patria: Insul. JavBl¢me in montibus Gédé et
Salak Teysman)) Ceram {e Vries¢ Lectotype (designated herd)eysmann

s.n.(H!). Isolectotype: BM! Fig. 15.

Taxithelium nossianunBesch., Ann. Sci. Nat., Bot. sé&, 10: 310. 1880syn. nov

Protologue:Nossi-Bé, sur les vieux troncs d’arbres, Pervilerp. Mus. Par).

IsotypesPerville s.n(PC!, BR!)

Taxithelium argyrophylluniRenauld & Cardot, Bull. Soc. Roy. Bot. Belgiqu8(3): 131.
1895, syn. nov Protologue: Hab. Madagascar. Diego Suarez, adcuisi
putridos (Chenagon). Holotyp&€henagon s.n(PC!). Isotypes: BM!, BR!, S!,

H!, FH!

Taxithelium falcatulunBroth. & Paris, Oefvers. Forh. Finska Vetensk.-St8(15): 22.
1906, syn. nov Protologue: [New Caledonia], Mont Koghi, ad asmorin
silvaticis, alt 400-500m (Le Rat). Holotydee Rat s.n(H!). Isotypes: PC!, M,

S!, FH!

Taxithelium parvulum(Broth. & Paris) Broth., Nat. Pflanzenfam. 1(3)092. 1908.
Trichosteleum parvulunBroth. & Paris, Bull. Herb. Boissier, sér. 2, 2889
1902, syn. nov Protologue: [Japan], Tsurugi-zan, n. 1400. [Fgutdolotype:

Faurie s.n.(H!). Isotype: PC!
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Taxithelium voeltzkowiBroth., Reise Ostafr., Syst. Arbeit. 3: 63, f19. 1908 syn. nov
Type: Mauritius Voeltzkow s.j. Holotype: Voeltzkow s.n(H!). Isotypes: S!,

PC!,BR!

Taxithelium alareBroth., Philipp. J. Sci. 3: 28. 1908yn. nov Protologue[Philippines]

Mindoro, Mount Halcon (For. Bur. 447derritt). Holotype:Merritt F. B. 4476

(H"). Isotypes: PC!, FH!

Taxithelium ludovicadroth. & Paris, Oefvers. Forh. Finska Vetensk.-SddA (17): 28.
1909, syn. nov Protologue: Nouvelle Caledonie. Inter Col d’Anniet fl.
Negropo, ad ramos arborum (A. Le Rat). Holotype:Rat s.n(H!). Isotypes:

PC!, M!

Taxithelium benguetiadBroth., Philipp. J. Sci. 8: 90. 1913yn. nov Protologue:
[Philippines], LUZON, Province of Benguet, on treeanks, Sanchez B. S. 10

Holotype: H! Isotypes: E!, US!, FH!, S!, BM!, NY!

Taxithelium robinsoniiBroth., Philipp. J. Sci. 13: 218. 1918yn. nov Protologue:
Phillipines, Laguna province, Mount Banahao, Bur. 8820, 9864 Robinson.
Lectotype (designated herdRobinson B. S. 986fH!). Isolectotypes: US!,

FH!, NY!, BM! Syntype:Robinson B. S. 98B!, NY!).
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Taxithelium capillarisetum(Dixon) Broth., Nat. Pflanzenfam. (11)11: 443. B2
Trichosteleum capillariseturixon, J. Linn. Soc., Bot. 45: 494. 192%n. nov
Protologue: Dutch New Guinea collected by C. B.d4§loCanoe Camp, Oct.-

Nov. 1912 (No 34). Holotyp&loss 34(BM!).

Taxithelium clastobryoideBixon, J. Siam Soc., Nat. Hist. Suppl. 10(1): 2835, syn.
nov. Protologue: [Thailand], Hab. Puket. Krabi, PanBancha, circa 1100 m.,
on trees in evergreen forest, 28 Mar., 1930; ¢Gkr (512b). HolotypeKerr

512b(BM!).

Taxithelium convolutumDixon, J. Linn. Soc., Bot. 50: 130. 41. 193%yn. nov
Protologue: Upper Sarawak; coll. Everett; Herb.t&fif type. HolotypeEverett

s.n.(BM!).

Taxithelium brassiiE. B. Bartram, Lloydia 5. 288. 56. 1948yn. nov Protologue:
[Indonesia, Irian Jaya], Forest Undergrowth, 9kri, &f Lake Habbema, 2800
m., no 10977. Protologue: [Brass]. Holotyd&rass 10977(FH!). Isotypes:

MICH!, L!

Nomenclatural notes
1. The type specimens of lindbergii T. falcatulum, T. nossianuandT. argyrophyllum
have no collection numbers either in the protologuen the specimens; however the

information on the specimens matches that in tbeofogue.
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2. The syntype specimen ©f lindbergiiwas not found.

3. Even though the Mitten herbarium is at NY, tyyeetof this species was found in BM.

Plants medium to large, forming golden-yellow ma&em creeping, branches long
ascendingStem and branch leaveslightly differentiated; stem leaves larger and
longer; erect-spreading, 0.95-1.5 x 0.18-0.30 numc¢ave, lanceolate, margins entire at
base, serrulate at apex; apex acuminate; lamifialliceear, 50 — 55 x ca. 2 um, seriately
papillose over the lumina, basal cells sometimesatin thick-walled; costae short and
double or absent; alar cells well differentiateshsisting of 2 rows, the lower with
inflated colored cells and the upper not inflatetizoids evenly distributed along the
stem.Perichaetialleavesl1.0-1.8 x 0.25—-0.30 mm, lanceolate, margins eatitese,
serrulate at apex; apex long-aristate; laminakdelear, 60—90 x ca. 2 um, thick-walled,
smooth; costae absent; alar cells differentiateth 8~4 rows of usually inflated cells.
Setae20-22 mm longCapsuleserect, asymmetric, ovoid, 0.8-1.1 mm long, cootd
below mouth; exothecial cells subquadrate, noecalhymatousOperculum short,

conic-rostrate, ca. 0.5 mm lorfgporesfinely papillose, 15-20 um across.

Notes: There has been confusion over the correct ideatitin ofT. lindbergiidue to its
considerable variation (see morphometrics sect®lants that occur at high elevation
(between 1000 and 2000 m) on Mt. Kinabalu (Bornktt),Halcon (Philippines), Mt.
Luang (Thailand), Mt. Konghis (New Caledonia) atske/here, are larger plants.
Lowland specimens are usually much smaller and lemxess that can be slightly falcate.

The type specimen @f. parvulum from Japan, is included ih lindbergiiuntil more
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collections can be gathered; however, the plamtsa@amewhat distinct, being slightly
smaller but wider.

The variability of this taxon has resulted in maraynes being proposed that are
now synonymized. The morphometric data presentesl $teow that no quantitative
morphological separate species, nor are there aaltative (discrete) characters. The
molecular data presented by Camara and Shaw (urghati) are the basis for the wide
circumscription ofT. lindbergiiproposed here; in that study specimens assigngd to
alare were embedded in a paraphylefidindbergiis.l. This species can be recognized
by its developed alar cells, serrate leaves, |l@btg, &#nd smooth perichaetial leaf cells.

This species is widely distributed (Fig. 16), fr@n-Lanka to Malesia, New
Caledonia, Fiji, Samoa, and Pacific Islands. Is gi®esent in the Mascarenes, Seychelles,

Madagascar, Vietnam and Japan.

Representative Specimens ExaminedHI. Viti Levu, Whitehouse 2998(DUKE);
Ovalau (Mt. Tana)Smith 7719DUKE); Taveuni,Smith 756NY).

INDONESIA. BangkaKurz s.n.(L); Java,Schif. 12108S); Sumatralouw &
Snoek25306(L). Irian Jayasine legit(BM).

JAPAN. ShikokuFaurie 1400(H, PC).

MADAGASCAR. Nossi-Be Perville s.n.(PC, BR); Diego Suarez (Antsiranana),
Chenagon s.n(PC, BM, BR, S, H, FH)

MALAYSIA. Genting HighlandsCamara 87§ MO); SelangorHBR 4022(NY);

SabahHoltman 1931(NY); SarawakRichards 2563BM).
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MAURICE. Le PouceQnraedt272 (BR), sineloco., Voeltzkow s.itH, PC, S,
BR).

NEW CALEDONIA. Negropole Rat s.n(M); Mt. Koghis,Le Rat s.n(M).

PHILIPPINES. MindoroSalgado Edw, 1236(BR); MindanaoRamos B. S.
14894(NY); Luzon,Sanchez B. S. 10lY), MacGregor B. S. 1991ANY); Laguna,
RobinsorB. S.17077(NY), Robinson B. S. 9864, US, FH, NY, BM); SilipanPhillips
16 (MICH).

REUNION. TrembletArts 92/18(BR), St. PhillippeArts 11/59(BR).

SEYCHELLES. lle MahéDecorié s.n(BR).

SRI LANKA. Sine LocpThwaites 2171G).

THAILAND. Mt. Luang, Touw 1180QMICH, NY); Puket,Kerr 512b(BM).

VIETNAM. Bao Loc.Tixier s.n (PC)

6. Taxithelium muscicola (Broth.) B. C. Tan, H. P. Raay & W. B. Schofield, Austral.
Syst. Bot. 9: 324. 199@irichosteleum muscicolBroth., Oefvers. Forh. Finska
Vetensk.—Soc. 42: 117. 190@rotologue: Patria, Lord Howe Island, Mt.
Gower, ubi supra muscos crescens m. Sept. 188%kitdatmicissimus Th.
Whitelegge et mihi sub n. 11 misit. Anno 1898 eandspeciem legit J. H.

Maiden (n. 218). Syntyp&Vhitelegge 11H!). Fig. 17.

Nomenclatural notes:
1. The epithet was first spellét¥ichosteleum muscicolyrhowever, because it is a

noun in apposition the correct namd ignuscicola.
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2. The syntypeMaiden 218was not found; therefore | have not lectotypifibe

name.

Plants medium sized, forming pale-yellow ma&emscreeping, pinnately branched.
Stem and branch leaveslightly differentiated; stem leaves larger anoger, erect-
spreading, concave, 1-2 x 0.15-0.18 mm, narrowelalate, slightly falcate-cuspidate,
margins entire; apex long acuminate; laminal deiksar, 60—70 x ca. 2 um, seriately
papillose over the lumina, thick-walled, basal€slbmetimes smooth; costae short and
double or absent; alar cells differentiated, camgisof 1-4 rows, vesiculose, yellowish
or hyaline.Rhizoids evenly distributed along the steRerichaetialleavesl1.5-2.0 x
0.18-0.3 mm, ovate; margins entire at base, s¢erataapex; apex filiform; laminal cells
linear, 72—74 x ca. 2 um, thick-walled, smoothagd) papillose at apex; costae absent;
alar cells poorly differentiateetael0-25 mm longCapsuleserect, asymmetric,
ovoid, 0.6—0.8 mm long, constricted below mouthgtaercial cells subquadrate, not

collenchymatousOperculum not seenSporesfinely papillose, 12—-16 um across.

Notes: This very distinct plant was once considered tem@emic to Lord Howe Island;
however, it was later found in Queensland (Fig. WBifortunately, | was unable to study
specimens from mainland Australia but Ramsay €2802a) and Tan et al. (1996)
studied this species for the Flora of Australia.

Taxithelium muscicolaesembled. damanhurianumbut it is much larger (see
notes onl. damanhurianui The well-developed alar cells, along with laggel

narrowly lanceolate leaves with entire margins makery distinctive combination.
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Taxithelium muscicol& epiphytic or epiphyllous in montane rain forest

Representative Specimens ExaminedAUSTRALIA. Lord Howe IslandWhitelegge

11 (H, NSW),Watts 419NSW), Watts 403PC).

7. Taxithelium planissimum Broth., Hedwigia 50: 14R10. Protologue: Ceylon. Auf
faulem Holz im Urwald des Hayocock-Hill (Hiniduma). 300m Herzod.

Holotype:Herzog 20(H!). Isotypes: JE!, S!, BRFig. 19.

Taxithelium ramicolaBroth., Philipp. J. Sci. 8: 91. 1913yn. nov Protologue:
Polillo, on branches of treeBur. Sci. 10509 McGregoHolotype:McGregor

B. S. 10509(H!). Isotypes: BM!, NY!, S!, FH!, US!

Taxithelium wewakende. B. Bartram, Brittonia 13: 378. 196dyn. nov Protologue:
[New Guinea], Sepik District: Wewak-Angoram Arearineée Alexander
Ranges, Maprik-But track, on leaf, rain forest, @3 30 July 19592026
type; Keram River near Chuimundo, levee-bank for2stl5 robust form.

[Robbins]. HolotypeRobbins 202§FH!). Isotype: L!

Plants medium sized, forming pale-yellow ma&emscreeping, long ascending
branchedStem and branch leaveslightly differentiated; stem leaves larger anager,
erect-spreading, concave, 0.75-1.5 x 0.20-0.40abtong-lanceolate, margins entire;

apex acuminate; laminal cells linear, 60—65 x cqrg, seriately papillose over the
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lumina, thick-walled, basal cells sometimes smootistae short and double or absent;
alar cells poorly differentiated, consisting ofdlm; not inflatedRhizoids evenly
distributed along the sterRerichaetial leavesl1.2—2.0 x 0.30-0.45 mm, lanceolate,
margins serrulate; apex acuminate; laminal cellsdr, 35-40 x ca. 2 um, thick-walled,
pluripapillose; costae absent; alar cells poorfiedentiated in 2 rows, not inflate8etae
5-7 mm longCapsulesinclined, asymmetric, ovoid, 0.6—0.8 mm long, ¢anted below
mouth; exothecial cells subquadrate, not collencitgors.Operculum long, conic-

rostrate, ca. 0.8 mm lon§poresfinely papillose, 15-20 um across.

Notes: Taxithelium planissimumesembled'. isocladunin its leaf shape and size and
absence of well developed alar cells, but it cadib#nguished by the very distinct long
rostrate opercula and much longer seta. Furthernttuegerichaetial leaves of
isocladumhave pluripapillose cells at the apex, while teeghaetial leaves 4.
planissimumhave smooth cells.

Taxithelium isocladumccurs in lowlands from Sri Lanka to SE Asia (Mzée,
and Vietnam, between sea level and 300 m, butsteedected in Mt. Binohan (Palawan,
Philippines) at about 1,000 m (Fig. 20). It growm@st exclusively on twigs and as an

epiphyll, rarely on bark.

Representative Specimens Examined INDONESIA. Sumatra (Brastagiljoltamm
25327 HBR 437(NY); SeramAkiyama 9906NY); Java,Zollinger 1106(S).

MALAYSIA. Selangor,Camara 96qMO); MalaccaWerner s.n(JE); Perak,
Ridley 213(H); SabahHoltmann 1931NY).

PAPUA NEW GUINEA. WewakRobbins 202¢FH, L).
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PHILIPPINES. Palawartbalo 391(MICH); MacGregorB. S.10509(H, BM,
NY, S, FH, US).

SRI - LANKA. Hiniduma,Herzog 3979H), Herzog s.n(JE, S, BR, H)sine
loco, Thwaites 21{NY).

VIETNAM. Lao Cai Moctier s.n(S).

8. Taxithelium pluripunctatum (Renauld & Cardot) W. Buck, Moscosoa 2: 60. 1983;
Trichosteleum pluripunctatuf®enauld & Cardot, Bull. Soc. Roy. Bot. Belgique
29(1): 184. 1890. Protologue: Hab. Martinique: Btarie (Bordaz). Holotype:

Bordaz 1(PC!). Isotype : NY! Fig. 21.

Taxithelium thelidiellunBesch., J. Bot. (Morot) 6: 10. 1902.
Protologue: Guadeloupe, sur un arbre, au Trou @is< Diables (P. Duss, N

1364). IsotypesPére Duss 1364NY!, H!).

Taxithelium patulifoliumThér., Ann. Bryol. 7: 160. 1934.
Protologue: Guyane francgaise: Saint-Jean-du-Mdtegi?, année 1895).

Holotype:Sine LegitPC! Isotypes: H!, NY!

Nomenclatural notes:
1. Even though Emile Bescherelle’s herbarium is abBM, no type off. thelidiellum

was found there.



Paulo Camara, 2008, Ph.D. Dissertation, p. 106

2. The type specimens of patulifoliumhave no data on the collector, either from the
protologue or on the specimen, but the other in&diom on the specimen matches with

the protologue.

Plants medium sized, forming lax, golden ma&emcreeping, freely branche8tem
and branch leavesslightly differentiated; stem leaves larger anager, branch leaves
more papillose; wide-spreading, 0.70-1.2 x 0.203-0n, falcate, lanceolate-ovate,
margins sub-entire or serrulate at base; apex a@aieto aristate; laminal cells linear,
72-85 x ca. 2 um, seriately papillose over the hanthick-walled; apical cells usually
smooth; costae double and short or absent; alarpabrly differentiatedRhizoids
clustered beneath the stelferichaetial leavesl.0-1.5 x 0.18-0.30 mm, long-triangular,
margins serrulate at apex; apex acuminate to tajdtaninal cells linear, 60-80 % ca. 2
pm, thick-walled, poorly pluripapillose; costae abis alar cells poorly differentiated.
Setae4.9-5.1 mm longCapsulesinclined, asymmetric, ovoid, 0.6-0.8 mm long,
constricted below mouth; exothecial cells subquadisightly or not collenchymatous.
Operculum short, conic or obliquely conic-rostrate, ca. @u® long.Sporesfinely

papillose, 15-20 pm across.

Notes: This species, together wilh portoricensejs one of the two species that occur in

the New World. HoweverF. portoricenséhas involute leaf margins, less papillose leaves,

and smooth perichaetial leaf cells,pluripunctatumalso has slightly falcate leaves.
Some species dflittenothamniunHenn. may also resemble pluripunctatum

(Buck 1998), but the latter can be recognized $plitiripapillose leaf cells and poorly
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differentiated alar cells, wherelBttenothamniunhas smooth leaf cells and well
developed alar cells.

Taxitheliumpluripunctatumis restricted to the New World, being found from
Mexico to South America and the West Indies (FR). & grows on tree trunks,

limestone and humus, at elevations between sebdade900 m

Representative Specimens ExaminedBRAZIL. Amazonas: Rio Uamat&uck 3148
(NY); Bahia: llnéusBoom & Mori 870(NY), Urucuca\Vital & Buck 20321ANY);
Roraima: Boca da Mat&uck 1949NY).

COLOMBIA. Isla GorgonaRudas & Aguirre 13@NY).

DOMINICA. Four Hunk,Fishlock 13(NY, MICH).

FRENCH GUYANA. Dt. Laurent-du- Maroni: Commune daif Buck 18349A
(NY); Commune de Appropague-KaBuck37799(NY); Commune de MatourBuck
32904(NY, MO).

GUADELOUPE.sineloco, Duss1364(NY); Sofaia,Allorge s.n.(MICH)

MARTINIQUE. Absalon,Welch 2133NY, MICH).

PUERTO RICO. LuquilloBuck 4192NY).

TRINIDAD. Aripo, Djan-Chékar94-510(NY).

9. Taxithelium portoricense R. S. Williams, Bryolag@®: 37. 1927. Protologue: Porto
Rico near Cidra, n839Q growing on twigs in wooded ravine, by Mrs. E. G.
Britton, March 1925; also obtained in Isle of Pin€sba, March, 1916, by N.L.

Britton, P. Wilson and Bro. Leon n6119 Lectotype (designated her&). G.
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Britton 8390(NY!). Isolectotypes: FH!, PC!. MICH! Syntyp#&Vilson & Leodn

6119(NY!). Fig. 23.

Plants medium sized, forming lax, golden ma&emcreeping, freely branche8tem
and branch leavesslightly differentiated; stem leaves larger anager, branch leaves
more papillose, wide-spreading, 0.70-1.2 x 0.26G-th#&, oblong-lanceolate, margins
sub-entire or serrulate only at base; apex acumtita@ninal cells linear, 44-50 x ca. 2
pm, seriately papillose over the lumina, thickdedj apical cells usually smooth; costae
double and short or absent; alar cells poorly teifidated Rhizoids clustered beneath
the stemPerichaetial leaves0.80-1.2 x 0.18-0.45 mm, long-triangular, margnsre,
laminal cells linear, 80—90 x ca. 2 um, thick-wdllemooth; apex acuminate; costae
absent; alar cells poorly differentiat&@etae4.9-5.1 mm longCapsulesinclined,
asymmetric, ovoid, 0.6—0.8 mm long, constrictediemouth; exothecial cells
subqguadrate, slightly or not collenchymatoDperculum short, conic or obliquely

conic-rostrate, ca. 0.3 mm lorfgporesfinely papillose, 15-20 um across.

Notes: This species is one of two growing in the Amerigthg other being'.
pluripunctatum). Because of its more oblong leaf it has been sugdebatfT.
portoricenses close tol. planumof subgenudaxithelium(Buck 1998), but both the
key characteristics of subgendsrnieriand molecular evidence (Camara and Shaw
unpubl. data) support its placement hdiaxithelium portoricensean be differentiated
from T. pluripunctatunbecause of its less papillate and more symmetaeds with
involute margins, and perichaetial leaf cells thak papillae (see also commentsTon

pluripunctatun).
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Taxithelium portoricenswas also recorded from the Brazilian Amazon bybss
and llkiu Borges (1997), although it was not polkestb study the specimen cited there.
The description is unclear and the illustratioofi3. pluripunctatumtherefore | am
excluding this record.

It is restricted to Islands in the Caribbean (Ri4), and grows on twigs and dead

logs, between sea-level and 1,500 m.

Representative Specimens ExaminedsUBA. El Yunque Underwood & Earle 1054
(NY), Caleta CocodriloSBritton et al. 1528NY), Isle de Pinedk. P. Killip 43735(FH,
S).

DOMINICA. Picard Valley,W. R. Elliot961c(FH!).

DOMINICAN REPUBLIC. Prov. Samar&uck 8701(NY); Repressa Dam,
Allard 17275(NY).

GUADELOUPE. SofaiaLe Gallo 444gFH).

JAMAICA. Portland ParishCrosby 13743NY).

MEXICO. Cozumel IslandSteere 276 TNY).

PUERTO RICO. Caribbean National Fordatck 4101(NY, FH); Las Cruces,
Steere 636IMICH, FH).

ST. KITTS. St. Thomas Middle Island Pari&uck 2982GNY).

10. Taxithelium ramivagum Broth., Bot. Jahrb. Syst. 2B6. 1897. Protologue:
Kamerun: Ekundu N’dene, an Baumasten (Dusér97) Lolodorf, Berg Mbanga
(Staudt n. 277). Lectotype (designated he&xudt 277(H!). Isolectotype: PC!

Syntypes: Dusén 797H!, S!). Fig. 25.
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Taxithelium ramivagum Broth. var.elongatum P. de la Varde, Revue Bryologique

et Lichénologique 5: 207. 193Syn. NovProtologue:Foret des echiras, entre

Pogha et malongo-mabey leg Le testu. HolotyygeTestu 6768PC!).

Taxithelium theriotii P. de la Varde Bulletin de la Société Botaniqud-dmce 72:

364. f. 16. 1925.Syn. Nov Protologue: Hab. Gabon, pays Apindji, entre

Ghenyonga et Benzé. Leg. Le testu, no 5324. Halbtyd estu 5324PC!).

Plants large, forming golden-yellow matStemscreeping, long ascending branched.
Stem and branch leaveslightly differentiated (stem leaves larger anager), erect-

spreading, concave, 1.0-1.6 x 0.25-0.40 mm, obla@nceolate, margins entire; apex
entire or slighlty acuminate; laminal cells lineds-80 x ca. 2 um, seriately papillose
over the lumina, thick-walled, basal cells somesramooth; costae absent; alar cells

poorly differentiated, consisting of 2 rows, ndflated. Rhizoids evenly distributed

along the stenPerichaetialleaves1.0-1.5 x 0.24-0.30 mm, narrow-lanceolate, margins

entire; apex setaceous; laminal cells linear, 32<48. 2 um, thick-walled, smooth;
costae absent; alar cells poorly differentiated nows, not inflatedSetaeca. 10 mm

long. Capsulesunknown.

Notes: Known only from few collections (mostly types),gstspecies is restricted to

Tropical Africa (Fig. 26); the last collection made@s from the 1920s.
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Taxithelium ramivagumesembled'. isocladumin its leaf size and leaf shape but
the leaf cells are about twice as longiramivagumand the perichaetial leaf cells are
smooth T. isocladumhas pluripapillose cells at apex).

It grows on bark from sea level to 875m.

Representative Specimens ExaminedGAMEROON.N'Dende,Dusen 791H, S);
Mbanga,Staudt277 (H).

COTE D'IVOIRE. HourotteJolly s.n.(S).

DEMOCRATIC REPUBLIC OF CONGO. Kivu, station de recbhé de
L'IRSAC, pres de la Luhohdzaire s.n(BR).

GABON. Mavengal.e Testu s.n(M); Malongo-Mabeyl e Testu 6768PC).

LIBERIA. Sinoe District,Baldwin 11337PC)

SIERRA LEONE. Freetown, Mt. OrieRArnell 2306(PC)

11. Taxithelium vernieri (Duby) Besch., Bull. Soc. Bétrance 45: 123. 1898ypnum
vernieri Duby, Flora 58: 285. 1875. Protologue: Ad lignaoetma ins. Tabhiti
adpressum legit D. Vernier missionarius Afil. tenuisetoSull. Holotype:

Vernier s.n (G!). Isotypes: PC!, BM!, NY! Fig. 27.

Taxithelium nitidulumBroth. & Paris, Oefvers. Forh. Finska Vetensk.-Stf (15): 23.
1906,syn. nov Type: [New Caledonialad arbores riparum amnis Thi (Le Rat).

Holotype:Le Rat s.n(H!). Isotypes: PC!, M!
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Taxithelium franciiThér., Bull. Acad. Int. Géogr. Bot. 20: 103. 1959n. nov Type:
[New Caledonia], Mont Koghis, 400m. [M. Franc]. ldbtpe:Franc s.n.(PC!).

Isotypes FH!, BM!, H!

Taxithelium kuniensBroth. & Paris, Oefvers. Forh. Finska Vetensk.-&3A(11): 36.
1911,syn. nov Protologue: [New Caledonia], lle des Pins, fa€iGadge et
forét de Uapan, ad ligna putrida (Louise Le Ra#ctbtype (designated here):
Forét de Gadgd,. Le Rat 137ZH)!). Isolectotype: Foret de Gaddauise Le

Rat s.n(S!, PCI!). Syntype: Forét de Uapanle Rat 1403H!, M!).

Taxithelium protensurixon, Proc. Linn. Soc. New South Wales 55: 29724. 1930,
syn. nov Protologue: Hab. Fiji Is. Coll. Steel: herb. Dix¢4). Holotype:Steel 4

(BM).

Taxithelium falcifoliumE. B. Bartram, Occas. Pap. Bernice Pauahi Bishap.MO0(10):
14. 1933,syn. nov Protologue: Polynesia. Type: Eiao, interior ofaf forest,
high ridge, elevation 700m., September 20, 1922B.Wlones no. 1522.

Holotype:Jones 152%FH!). Isotype: L!, US!

Plants small, forming golden-yellow matStemscreeping, long ascending branched.
Stem and branch leavesimilar, erect-spreading, concave, 0.6—1.2 x -@I¥ mm,
oblong-lanceolate, margins entire; apex acuminageote; laminal cells linear, 58—60 x

ca. 2 um, seriately papillose over the lumina,kivi@lled, basal cells sometimes smooth,;
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costae short and double or absent; alar cells podferentiated, consisting of 1-3 rows,
supra alar cells not differentiatddhizoids evenly distributed along the stem.
Perichaetialleavesl.2-1.6 x 0.40-0.50 mm, lanceolate, margins eatite&se, serrulate
at apex; apex long- aristate; laminal cells lin&&x70 x ca. 2 um, thick-walled, smooth;
costae absent; alar cells not differentiat®etae14—16 mm longCapsulesinclined,
asymmetric, ovoid, 0.6—0.8 mm long, constrictediemouth; exothecial cells
subguadrate or rectangular, not collenchymat@g&rculum short, conic or obliquely

conic-rostrate, ca. 0.3 mm lorfgporesfinely papillose, 15-20 um across.

Notes: Taxithelium verniercan be recognized by its lanceolate leaves witineen
margins and smooth perichaetial leaves. It is bytfa most common species of
Taxitheliumin the Pacific. It can resemble specieg ofevieri but the alar cells if.
vernieriare not well developed as they ardirevieri

It grows in dense forests, usually on dead logmetimes on bark of living trees,
between sea level and 700 m ,and is restrictelgetdstands of the Pacific, New

Caledonia, Society Islands (French Polynesia), dfiesia and Marquesas (Fig. 28).

Representative Specimens ExaminedMICRONESIA. Etten IslandWhittier & Miller
797 (NY); Atoll Ulul, Whittier & Miller 1075(NY), Atoll Puluwatt,Whittier & Miller
1108(NY); Atoll Iruh, Whittier & Miller 7471(G).

FIJI. Vanua LevusSmith 1618NY); Viti Levu, Smith 854§ DUKE); Vanua

Mbalavu,Smith 147gNY).
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FRENCH POLYNESIA. Society Islands, Moorézpover 2094¢NY); Tahiti,
Vernier s.n(G, PC, NY, BM),Vernier 1316(G); Marquesas, Nuku Hivdprdan s.n.
(NY).

MARQUESAS. EiaoJJones 152ZL, US, FH).

NEW CALEDONIA. Sine locolL. Le Rat 137ZH!); Mé Aoui, Guillaumin et
Baumannl0519(PC); Mé AmmeriGuillaumin etBaumanr152(PC); Mt. Coughi,
Balansa 2579b (PC)

SAMOA. Southeast shor&uncker 9517NY, MICH).

TONGA. Island of Euayuncker 15392NY).

VANUATU. Campbell 3BM).
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Types not seen in genu$axithelium

1. Taxithelium andersson{Angstr.) Broth., Nat. Pflanzenfam. | (3): 123209.
Plagiothecium anderssonfingstr., Ofvers. Férh. Kongl. Svenska Vetensk.-k29(4):
15. 1872. Protologud2ort Famine vid Magalhaens sund. Andersson.

Even though it was not possible to locate this typés probably noTaxithelium

since the genus is not known to occur that fartsout

2. Taxithelium aureolun€ardot, Bull. Soc. Bot. Genéve sér. 2, 5: 319.31%otologue:
Japon: Hirosaki (n.18).

Probably nofraxitheliumbut Phyllodon According to the original description
this plant has a single papilla per cell, therefore unlikely to be @ axithelium Cardot
assigned this species to secthmastigmaall species of which are now placed in the
unrelated genuBhyllodon The description of . aureolumwould fit into Phyllodon

rather than imaxithelium

3. Taxithelium bilobatunvar. scabrifoliumDixon, Gard. Bull. Straits Settlem. 4: 35.
1926. Protologue: Perak: Bujong Malacca (R. 73#)sBh’s Hill, 3800 ft., on stone in
forest (Burkill 13007), nov.vascabrifoliumDixon.

According to the original description, the specinmas bilobate leaves, which are

not found inTaxithelium.
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4. Taxithelium confusunCardot, Hist. Phys. Madagascar, Mousses 39: 4915.1
Protologue: [Madagascar], lle a Sainte-Marie. Bowin.
The ilustration provided by Cardot resembles thalespreadTaxithelium

lindbergii.

5. Taxithelium decrescer{(Sande Lac.) Broth., Nat. Pflanzenfam. | (3): 10B208.
Hypnum decrescer&ande Lac., Bryol. Jav. 2: 168. 266. 1866. Prowdo Habitat
insulamCelebs herb. Ludg. Bat.

The illustration provided in the original descrgatishows unipapillose cells and
consequently is probably noffaxithelium The illustration of the perichaetia also does

not resemble those found Traxithelium

6. Taxithelium glabrisetum(Mull. Hal.) Paris, Index Bryol. 1261. 1898Sigmatella
glabrisetaMuill. Hal., Bot. Jahrb. Syst. 23: 329. 1896. Plogoie:Samoa Inseln, Olosina,
zwischen Flechten (n.91).

Unfortunately the protologue does not provide adgdescription and illustration
that would allow placement of this type. The spemwas probably destroyed during the

bombing of the Berlin herbarium in 1943.

7. Taxithelium herpetiun@Mull. Hal.) Broth., Nat. Pflanzenfam. [(3): 1091908.
Hypnum herpetiunMiill. Hal., J. Mus. Godeffroy 3(6): 84. 1874. Rulotigue: Patria:

Tutuila, Inter alios muscos.
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The original description states that the leavetheftype have single papillae and
therefore it is probably nofaxithelium but unfortunately, no illustration of this plant
exists. The type was also probably destroyed duhaghombing of the Berlin herbarium

in 1943.

8. Taxithelium inermdixier, Rev. Bryol. Lichénol. 38: 159, f. 8. 1971972].
Protologue: Thailand, Chandhaburi, Plew Waterfallssol, 3/6/69 ixier 965
(holotype).

The original description says that this plant hasath leaf cells, but the
illustration provided does not resemble the nonHfzese species of axithelium | visited
the herbarium in Paris (PC) twice and tried unsssftdly to locate this specimen in

Tixier's herbarium.

9. Taxithelium isocladun{Bosch. & Sande Lac.) Renauld & Cardot waetnamense
Tixier, Rev. Bryol. Lichénol. 34: 171. 1966. Praigle: Vietnam. Quang-Binh, 50 m
Maunier s.n,. 1927.

The original description and illustration providegtches withr. isocladumbut
it is otherwise unknown from Vietnam. | visited therbarium in Paris (PC) twice and

tried unsuccessfully to locate this specimen inélig herbarium.

10. Taxithelium ivoreanun{Mitt.) Broth., Nat. Pflanzenfam. 1(3): 1093. 19(&ereodon
ivoreanusMitt., J. Proc. Linn. Soc., Bot., Suppl. 2: 10859. Protologue: Hab. In Nepal,

Wallich! In Mont. Nilghiri, Mclvor.
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This species is probably Rhyllodon Unfortunately the original description is
vague. However Brotherus, when transferriBtereodon ivoreanugo Taxithelium
considered it close td. glossoides, T. similangnd T. ligulatum all now placed in
Phyllodon

Thiers (1992) in the “Indices to the species of sessand lichens described by
William Mitten” (Thiers 1992) to this specimen wigsed ashon vide so it was already

lost when Mitten’s herbarium was transferred to NY.

11. Taxithelium laeve&Cardot, Bull. Soc. Bot. Genéve sér. 2, 4: 387 21 Protologue:
Japon: Tosa, Arakusa (Okamura; herb. Holzinger).

The original description says that the type spenitmes smooth leaf cells. As the
only Taxitheliumknown from Japani( lindbergij is papillose;T. laevemay not be a

member of the genus. It was not possible to lotasetype during my two visits to PC.

12. Taxithelium liukiuens&akurai, Bot. Mag. (Tokyo) 46: 505. 1932. ProtolegJapan,
Liukiu: Nishi-Omotejima, auf Felsen (coll. Y. DoFypus in Herb. K. Sakurai, Nr. 2170,
6 -Aug-1931).

Sakurai compares this species witmepalenseconsidering the two to be closely
related. The description would fit species of suthgd axithelium(in whichT. nepalense
belongs).

Although the type is listed as being at K, ther@o moss collections at Kew any
longer, since they were sent to the herbarium@Nhbtural History Museum (BM) on a

permanent loan. However, | was unable to locategpecimen during my visit to BM
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13. Taxithelium natangMull. Hal.) Renauld & Cardot, Rev. Bryol. 28: 111901.
Sigmatella natanMiill. Hal., Hedwigia 40: 70. 1901. Protologue: ktabo. Brasilia, Rio
de Janeiro, Morro da Cintra, in aqua fontis, ABBZ: E.Ule, coll. No 161.

The original description of of bofh. natansandT. oophyllummatchesT.
planum which is the only species ®axitheliumknown to occur in Rio de Janeiro and
Minas Gerais. The types of both were probably dosing the fire in the bombing of the

Berlin herbarium in 1943.

14. Taxithelium oophyllunMull. Hal.) Renauld & Cardot, Rev. Bryol. 28: 111901.
Sigmatella oophyllaMill. Hal., Hedwigia 40: 70. 1901. Protologue: Habo. Brasilia,
Minas Geraes, ad cataractam prope Uberaba, Juit E8Ule coll. 1598.

See comments above dnnatans

15. Taxithelium orthotheciurfA. Jaeger) Broth., Nat. Pflanzenfam. 1(3): 109908.
Trichosteleum orthothecium. Jaeger, Ber. Thatigk. St. Gallischen Naturw@ss.
1876—77: 414. 1878. Protologue: Patria. Insula semdutuila Graeffg

Unfortunately the original description is mostheless and there is no illustration
available. Brotherus however assigned this planth®o same group &ab. vernieri T.
isocladumand T. alare (=T. lindbergi, all belonging now to subgent&rnieri. The

most common of the speciesTaxitheliumsubgenu¥ernieriin Samoa ig. vernieri.
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16. Taxithelium planuniBrid.) Mitt. var.flavescengMdill. Hal.) Paris, Index Bryol.
1262. 1898Hypnum planunBrid. var.flavescendvll. Hal., Syn. Musc. Fron®: 265.
1851. Protologue: In insula Trinitatis Antillarumope St. Joseph legit Criger 14. Febr.
1874.

Unfortunately this species was probably lost dyitime fire in Berlin’s herbarium

in 1943. The original descrption matches withplanum(subgenudaxitheliun)

17. Taxithelium planun(Brid.) Mitt. var. hookerioidesBizot & Thér., Bull. Mens. Soc.
Linn. Soc. Bot. Lyon 34: 326. 1965. Protologue: &uboma San JuaHioram 11808
(Holotype: herb. Bizot; isotype: herb. Thériot).

| was unable to locate the type, Butplanum this is the only species of subgenus

Taxitheliumpresent in Cuba.

18. Taxithelium plumularigMull. Hal.) Broth., Nat. Pflanzenfam. 1(3): 1092908.
Hypnum plumulariaMiill. Hal., Syn. Musc. Frond. 2: 684. 1851. Protple: Patria. Java:
Blume. Hb. Al. Braun.

The original description is vague; it says thescalle “poorly papillose”, but no
illustration was provided. This type was probatugtidue to the bombing of Berlin in

1943.

19. Taxithelium rhizophoretjMull. Hal.) Broth., Nat. Pflanzenfam. [(3): 1091908.

Hypnum rhizophoretMull. Hal., J. Mus. Godeffroy 3(6): 83. 1874. Rulmigue: Patria.
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Samoa-Insulae. Tutuila, inter alios muscos. Upoluhizophoretis inteHypnum
cyathothecium.

There was no illustration accompanying the origiahedcription. The protologue
is quite broad, but it does fiTaxithelium Brotherus, when tranferringdypnum
rhizophoretiinto Taxitheliumconsiderd it close to species now included in subg
Vernieri. The most common representative of that subgen@amoa id. vernieri The

type was presumably lost during the bombing of iBen 1943.

20. Taxithelium spathulifoliunDixon, J. Siam Soc., Nat. Hist. Suppl. 10: 26.3.93
Protologue: Siam, Hab. Puket. Krabi, Panon Bencinega 1300 m., on trees and shrubs
in evergreen forest, 28 March, 1930; coll. Kerrl(B}L

In the original description the leaf cells are ddémd as being smooth, which is
not known in any species dfxitheliumfrom Thailand. | was unable to locate the type

during my visit to BM.

21. Taxithelium subretusuifThwaites & Mitt.) Broth., Nat. Pflanzenfam. 1(3)093.
1908.Ectropothecium subretusufhwaites & Mitt., J. Linn. So¢Bot. 13: 321. 1873.
Protologue: Hab. In Ceylo@r. Thwaites

This species is probablyRhyllodon According to the vague protologue,
Ectropothecium subretusumma papillose plant. Brotherus, when transferting name
into Taxitheliumconsidered it to be close 1o glossoidesndT. ligulatum both now in

Phyllodon
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22. Taxithelium tongens@Mill. Hal.) Broth., Nat. Pflanzenfam. 1(3): 1090008.
Hypnum tongensklill. Hal., J. Mus. Godeffroy 3(6): 83. 1874. Ryfaigue: Patria:
Tonga-Insulae, Tongatabu: Dr. Ed. Graeffe.

Probably a species in subgenusxithelium Brotherus considered it closeTo
planumandT. instratum;both these species are in subgehasthelium which would
also agree with the somehow vague original desonpfhe type was probably lost

during the bombing of Berlin in 1943.

23. Taxithelium ventrifoliun{Mull. Hal.) Broth., Nat. Pflanzenfam. 1(3): 1090908.
Hypnum ventrifoliunMdll. Hal., J. Mus. Godeffroy 3(6): 84. 1874. Rlotigue: Patria:
Fidschi-Insulae, Ovalau, inter Hypnum rhinophyllurtertextum.

The original description does not mention the papjlbut Brotherus, when he
transferredHypnum ventrifoliumnto Taxithelium,considered it to be close 1o planum
andT. instratum both in subgenusaxithelium The type was probably lost during the

bombing of Berlin in 1943.

There is a reference Index Muscorunand TROPICOS, toTaxithelium
annandiiBroth. & Watts, Proc. Linn. Soc. New South Wal@s 852. 1915, | was

unable to find the name anywere in the literature.
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Fig. 1) A, B. Poorly developed alar cellsinplanissimunandT. ramivagum
respectively (400x). C, D. Well developed alar €@l T. damanhuriiandT. lindbergii
respectively (400 x). E. Collenchymatous exotheogdls inT. damanhurianunt:. Cross

section of stem iTaxithelium(400x).

Fig. 2) Scatter plot for taxa in analyses “A”, legecorresponds to groups previously

recognized on basis of morphological differences.

Fig. 3) Scatter plot for taxa in analyses “B”, lagecorresponds to groups previously

recognized on basis of morphological differences.

Fig. 4) First scatter plot for taxa in analyses,@@4gend corresponds to groups previously

recognized on basis of morphological differences.

Fig. 5) Second scatter plot for taxa in analyse$ [€gyend corresponds to groups

previously recognized on basis of morphologicdedénces.

Fig. 6) Scatter plot for discriminant analyses

Fig. 7) TaxitheliumdamanhurianumA. Alar cells, B. Branch leaf, C. Leaf margin sl

D. Perichaetial alar region, E. Perichaetial |I8afnd E scale a; and A, C, D, scale b.



Paulo Camara, 2008, Ph.D. Dissertation, p. 129

Fig. 8) Distribution map fof. damanhurianum.

Fig. 9) Taxitheliumisocladum A. Alar cells, B. Branch leaf, C. Leaf marginlseD.

Perichaetial alar region, E. Perichaetial leafand E scale a; and A, C, D, scale b.

Fig. 10) Distribution map for. isocladum.

Fig. 11)Taxitheliumkaernbachii A. Alar cells, B. Branch leaf, C. Leaf marginleeD.

Perichaetial alar region, E. Perichaetial leafand E scale a; and A, C, D, scale b.

Fig. 12) Distribution map for. kaernbachii.

Fig. 13)Taxitheliumlevieri. A. Alar cells, B. Branch leaf, C. Leaf marginiseD.

Perichaetial alar region, E. Perichaetial leafand E scale a; and A, C, D, scale b.

Fig. 14) Distribution map for. levieri.

Fig. 15)Taxitheliumlindbergii. A. Alar cells, B. Branch leaf, C. Leaf marginlegD.

Perichaetial alar region, E. Perichaetial leafand E scale a; and A, C, D, scale b.
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Fig. 16) Distribution map for. lindbergii.

Fig. 17)Taxitheliummuscicola A. Alar cells, B. Branch leaf, C. Leaf marginiseD.

Perichaetial alar region, E. Perichaetial leafand E scale a; and A, C, D, scale b.

Fig. 18) Distribution map fof. muscicola.

Fig. 19)TaxitheliumplanissimumA. Alar cells, B. Branch leaf, C. Leaf marginleeD.

Perichaetial alar region, E. Perichaetial leafand E scale a; and A, C, D, scale b.

Fig. 20) Distribution map forf. planissimum.

Fig. 21)Taxitheliumpluripunctatum A. Alar cells, B. Branch leaf, C. Leaf marginlsel

D Perichaetial alar region, E. Perichaetial leB&fand E scale a; and A, C, D, scale b.

Fig. 22) Distribution map fof. pluripunctatum.

Fig. 23)Taxitheliumportoricense A. Alar cells, B. Branch leaf, C. Leaf marginleeD.

Perichaetial alar region, E. Perichaetial leafand E scale a; and A, C, D, scale b.

Fig. 24) Distribution map forf. portoricense.
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Fig. 25)Taxitheliumramivagum A. Alar cells, B. Branch leaf, C. Leaf marginlseD.

Perichaetial alar region, E. Perichaetial leafand E scale a; and A, C, D, scale b.

Fig. 26) Distribution map fof. ramivagum.

Fig. 27)Taxitheliumvernieri. A. Alar cells, B. Branch leaf, C. Leaf marginiseD.

Perichaetial alar region, E. Perichaetial leafand E scale a; and A, C, D, scale b.

Fig. 28) Distribution map fof. vernieri.
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FIG. 12
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FIG. 16
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CHAPTER 4

NEW COMBINATIONS AND ONE NEW NAME FOR THE MOSS

GENUS TAXITHELIUM (PYLAISIADELPHACEAE)

This chapter has been submitted to the Journal 6Nov

Abstract. During the taxonomic revision dfaxithelium species previously treated in the
genusare excluded and nine new combinations and onenaewe are presented here:
Camptochaete novae-zeeland(&B. Bartram & Dixon) P. S. Camar@haetomitrium
spuriosubtile(Brotherus) P. S. Camamhyllodonbilobatum(Dixon) P. S. Camard.
choiropyxis(Carl Muller) P. S. Camar®, glossoidegBosch & Sande Lacoste) P. S.
CamaraSematophyllurborneenséBrotherus) P. S. Camar@, mundulungSullivant) P.

S. CamaraS.laevigatusP. S. CamaralrichosteleuniriedensgD. H. Norris & T. J.

Koponen.) P. S. Camara, ahdsubintegrunm(Brotherus & Dixon) P. S. Camara.
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The genuSaxitheliumMitten was first described by Mitten (1869) irbei
Sematophylleae and later Brotherus (1925) assitireedenus to the family
Sematophyllaceae. However, much controversy hasrabiecause the lack of
sematophyllaceous characterd axithelium such as collenchymatous exothecial cells,
long rostrate opercula, and well developed anchaftBated alar cells (Seki, 1969;
Hedenés, 1996; Tan & Jia, 1998; Hedenas & Buck9)1L9he molecular phylogenetic
works of Tsubota et al. (2001 a,b) have demonstriduat Taxitheliumis not closely
related to the core SematophyllacegentatophyllumrrichosteleurrandAcroporiumn)
but is more related tBylaisiadelpha, IsopterigyumndBrotherella. Therefore Goffinet
& Buck (2004) transferred the genus into a newlyodibed family Pylaisiadelphaceae.
The absence of above cited features typical of &grhgllaceae also associates
Taxitheliummore with Pylaisiadelphaceae than with Sematopbghe.

Taxitheliumis a pantropical genus occurring mainly in Soushéaia between
30°N and 26S. Ongoing work by Camara and Shaw suggeststndtheliumis
monophyletic and is characterized by the presehorutiiple papillae seriately disposed
over the lumina of leaf cells and a poorly devetbpkar region. The genus is currently
being revised by the author, and some taxa clelarlyot belong tdaxithelium New
combinations are presented here to re-circumstndgenus. All the taxa presented
below lack pluripapillose leaf cells, a diagnosti@racter foif axithelium.An ongoing

morphogloical study addresses this character irerdetail.

|. CamptochaeteReichardt, Reise Novadq3): 190, 1870TYPE: Hookeria arbuscula

J. E. Smith
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The genus was revised by Tangney (1997). It odaursgdonesia, Papua New

Guinea, New Caledonia, Vanuatu, Fiji, Australia &elv Zealand.

1. Camptochaete novae-zeelandig&. B. Bartram & Dixon) P. S. Camara, comb. nov.
Basionym:Taxithelium novae-zeelandi&e B. Bartram & Dixon, Bot. Not. 83:7.
1937. TYPE: New Zealand. Wellington, 18B1Bergren s.n(holotype, BM).
The lack of papillae, phyllotaxy, cell shape armkesaf leaves do not conform with
the current circumscription dfaxithelium Sainsbury (1955) suggested that this
species was a synonym Gamptochaete gracilifHook. f. & Wilson) Paris, and
Damanhurii & Longton (1996) agreed with the exabmsiof this taxon from
Taxitheliumbut provided no new combination or further eviden& closer look
at the specimen associates it with the geBamptochaetédLembophyllaceae);
examination of herbaria specimens suggests thatag not conspecific with

Camptochaete gracilisr with any other other species seen.

[I. Chaetomitrium Dozy & Molkenboer, Musci Frond. Ined. Archip. Intil7, 1846.

TYPE: Hookeria elongatdozy & Molkenboer.

This Southeast Asian genus belongs in Hookeriaddagama & Suleiman
(2001) studied the genus for Borneo and Streimaf887) for Australia. The Philippine

species have not yet been studied in detalil.

1. Chaetomitrium spuriosubtile (Brotherus) P. S. Camara, comb. n@&asionym:

Taxithelium spuriosubtileBrotherus, Philipp. J. Sci. 5: 160. 1910. TYPE:
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Philippines. Luzon: Lepanto, 191@Bacani For. Bur. 16016(holotype, H;

isotypes, BM, FH, JE, L, NY, PC, PNH, US).

This small specimen (ca. 0.3 mm) is known only frihra type collection. Even
though it is much smaller than other specieb&etomitrium the oblong leaf
shape, alar cells, leaf papillation pattern and simailar leaf margin clearly

associate this specimen with the ge@hsietomitriunrather thaaxithelium.

lll. Phyllodon Bruch & Schimper, Bryol. Europaea 5: 60. 1851. EYHooOKeria retusa
Wilson.

The following three taxa have truncate leaf apegesulate margins and the
costae are strongly visible and double; all thesecharacteristics of the pantropical
Phyllodon Also, the pattern of papillae on the leaves piesistrong evidence of their
generic placement. Buck (1987) studied the Asstiecies, Kis (2002) the African ones

and Higuchi & Nishimura (2002) those in the Pacdi$iands.

1. Phyllodon bilobatum (Dixon) P. S. Camara, comb. noBasionym: Taxithelium
bilobatumDixon, Bull. Torrey Bot. Club 51: 244, 192@&lossadelphus bilobatus
(Dixon) Brotherus, Nat. Pflanzenfam. (Il) 11: 5385925. TYPE: Malaysia.

Malacca: PerakRidley 739holotype, NY; isotype, BM).

2. Phyllodon choiropyxis (Carl Miller) P. S. Camara, comb. nov. Basion@igmatella
choiropyxisCarl Muller, Hedwigia 40: 69. 190Taxithelium choiropyxigCarl
Muller) Renauld & Cardot., Rev. Bryol. 28: 111. 190 YPE: Brazil. Sdo Paulo:

Iporanga, 1879%Ruiggari s.n (isotype, FH).
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3. Phyllodon glossoidegBosch & Sande Lacoste) P. S. Camara, comb. nasioBym:
Hypnum glossoide®osch & Sande Lacoste, Bryol. Jav. 2: 146. 243%618
Trichosteleum glossoidd®osch & Sande Lacoste) Geheb, Rev. Bryol. 21: 85.
1894.Taxithelium glossoide@Bosch & Lacoste) M. Fleischer, Nat. Pflanzenfam.
1(3): 1093. 1908.Glossadelphus glossoidg8osch & Lacoste) M. Fleischer,
Musci Buitenzorg 4: 1358. 1923. TYPE: Indonesiaa)daeysmann s.r(isotype:

H).

IV. Sematophyllum Brotherus, Nat. Pflanzenfam. 1(3): 1098, 1908. EYRypnum

demissunWilson.

The following three taxa all have diagnostic featur of the core
Sematophyllaceae, such as well developed alar, céisg—linear laminal cells,
collenchymatous exothecial cells and absence aéeoslso they lack papillae. All these
features occur in the pantropical gerfsiematophyllumThe genus has not yet been

revised.

1. Sematophyllum borneense(Brotherus) P. S. Céamara, comb. nov. Basionym:
Taxithelium borneensBroth., Mitt. Inst. Allg. Bot. Hamburg 7(2): 133.928.

TYPE: Indonesia. Kalimantan: Samb®&cholitz s.n.(holotype, H).

2. Sematophyllum laevigatus P. S. Camara nom. nov Basionym: Hypnum

trachaelocarpumAngstrom., Ofvers. Forh. Kongl. Svenska Vetensladk
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30(5): 127. 1873Trichosteleum trachaelocarpudngstrom) A. Jaeger, Ber.
Thatigk. St. Gallischen Naturwiss Ges. 1876—77: 638n. Sp. Musc. 2: 479).
1878. Rhaphidostegiuntirachaelocarpum(Angstréom) Bescherelle. Ann. Sci.
Nat. Bot.,, sér. 7, 50. 1894. lllegitimat&axithelium trachaelocarpum
(Angstrém) Brotherus, Nat. Pflanzenfam. 1(3): 109208,non Sematophyllum
trachaelocarpun{Kindberg) Brotherus. TYPE: Tahiti. Sine locdnderson s.n
(isotypes: L, H).
Because of the existence ®ftrachaelocarpun{Kindberg) Brotherus, a

new name foHypnumtrachaelocarpunwas needed. The epithet refers to the

smooth leaf cells.

3. Sematophyllum mundulum (Sullivant) P. S. Camara, comb. nov. BasioniAypnum
mundulum Sullivant, Proc. Amer. Acad. Arts 3. 75. 185Zaxithelium
mundulum(Sullivant) E. B. Bartram., Bernice P. Bishop Miull. 101: 238.

176. 1933. TYPE: Hawaii. Pun#@/ilkes Expeditios.n.(holotype: FH).

V. Trichosteleum Mitten, J. Linn. Soc., Bot. 10: 181, 1868. TYPEichosteleum fissum

Mitten.

The following two taxa all have diagnostic featuoéshe core Sematophyllaceae, such as
well developed alar cells, long—linear laminal getlollenchymatous exothecial cells and

absence of costae. In addition they have unipagailleaf cells (as verified by an SEM
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survey as part of the revision Déxitheliun). This combination of features clearly

associates these plants withchosteleumThe genus has not yet been revised.

1. Trichosteleum friedense(D. H. Norris & T. J. Koponen) P. S. Camara, combv.
Basionym: Taxithelium friedensé. H. Norris & T. J. Koponen, Ann. Bot.
Fenn. 22: 383. 1985. TYPE: Papua New Guinea. WepikSFrieda River,

Koponen 35136tholotype, H; isotypes: PC, NY, L, NICH).

2. Trichosteleum subintegrum (Brotherus & Dixon) P. S. Camaraomb. nov
Basionym:Taxithelium subintegrurBrotherus & Dixon, J. Linn. SocBot. 43:
320. 1916.Acanthorrhynchium subintegruifBrotherus & Dixon) Brotherus,
Nat. Pflanzenfam. (11)11: 440. 1925. TYPE: Malayssarawak: Baran. (taken
from inside a monkey-skin at the British Museun, Hose 110(holotype,

BM; isotype: PC).
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