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' ~ ABSTRACT S oA

The species of the pantropical genus Leucophanes e charactenzcd .by \r/hrlrsh g;ecn
appearance, mainly corucolous turf - formmg habit; p’ulustmosc structurc of the leaf:
production o leaf- lip gemmae, and short branchmg sys‘ems A definition of leaf structure is
based primarily on comparative morphology of young anfj adult leaves, perigonial bracts, and
scale - leaves of Leucophanes and those of the relalfd genera Exodrcryon Exostratum,
Anhﬁbcompus and San(podon The leaf is a complexorgan composed of & costa (with
stereids, gurde cells and hyalocysts) and a multistratose lamina. The multistratose lamina is
considered to bc composed c:f two sections, a basal unistratose, hyaline area and a multislralosc
scctionv,with a central layer of quadrangdlar“‘chImqphyllo’us cells (living photosynthetic
elements), the chlorocysts, arranged in ‘av"‘rrc_t-like pattern and surrounded, on cgch surface, by
one or more. layers of porose hyaline cells '(devoid of protoplasm at maturity), thc hyalocysts.
Similarities in leaf structure w(irr Leucobryum are the result of convergent evolution.
Growth-habit and structural features displayed- by the gametophytes of Leucophanes are
considered adaptauons for water retention. 11, is most likely vrhat the life-form characteristic of
the genus developed in relation to cnvrronmcmal stresses rmposcd by the corticolous habll in
-seasonally dry tropical forests.

Three sr‘enera thirteen “species and six subspecies are recognized. lmport.anl
characters in definihg these taxa include leaf apex, shape and arrangement of chlorocysts as
observed m surface vflw size and shape of hyalocysts, laye(rs of hyalocvsts in the multistratose
- lamina, pore size on the transverse walls, sexual condition, perichaetial leavcs and peristome.
and spore ornamentation. ,

Leucophames is distributed in the tropical and subtrcpical areas of the world,
particularly in central Africa, Malesia, Southern Japan Australia, the islands of the tropical
Pacific and the Neotropics. There are two cehters of ‘specics diversity, one in Africa and the

.

other in Malesia and ad jacent areas. Of these, Africa has the highest number of endemics with

five species, while Malesia has two. The species are able to grow on both acidic and basic

|
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‘substrata. An active radiation to littoral forests appears to have taken place in some species,
¢.g.. L. glaucum and L. octoblepharioides, while others appear to be strictly elements of inland

_tropical rain foresss. -
-~

“are recognized. The pumiv'e ancestor to all of them must
q',

have had cos£a1e ] with a- multistfatose lamina composed of chlorocysts in‘a single,}
non-dissected layer, surrounded on each surface by one laygr of hyalocysts, a broad, basal
hyaline lamina, papillose-fovéolale peristome and verrucate to gemmate spores. The lineage
ct‘)néidcrcd cld;cst to the putative ancestor is that of L. milleri, L. octoblepharioides, and related -
species. It is characteriz‘gd by having leaves withﬂ a single layver of hyalocysts on each side of the
chlor;)phyllous layer and papillose-foveolate peristomes. The African lineage is considered to
have evolved i isolation, from a common ancestor of L. milleri and L. octoblepharioides,
developing the apotypies of long rectangular cells, retuse to strongly spinose apices and
pen'sktomes with the dorsal plau?s having longitudinal to semi-circular thickenings. Leucophanes
candidum is considered to form a derived lineage by the development of unique apotypies.
. Leucophanes glaua)m is considered as a derived lineage characterized by leaf cells with broad,
curved end walls; costa strongly -spinose abaxially to sﬂioolh; and a .pepillose peristome with
papillae irregularly arrang;:d or in fr;lore or les/rdef ined vertical rows.
The genus is hypothesized to have originated in Laurasia (Southeast Asia) as early as
the Lower o Upper Cretaceous. Its present day distributioh reflects rym't only its paleohistory

but also its efficient dispersal capabilities.

\
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1. INTRODUCTION

Leucophanes is a pantropical genus with ? concentration of species in the Old World,
between 20 degrees north and south, or the Equatolr. Its northernmost range extends to
‘approximately 24-26v degrées north of the Equator and its southernmost to the Tropic of

A 4
Capricorn. It is, at times, an important component of the lowland tropncal vegctauon qgcurrmg

mainly as a corticolous epiphyte, parucularly on palm trees. .

In the Neotropical R'egion. the genus is distributed in South A‘nerica, f rﬁm centrdl and
.sqy\thern Brazil to the Ecuadorian' Andes and the Guianas; in Central America from Panama to
Nica.;sgua and in the Caribbean f rom Trinidad to Puerto Rico. In Africa, the genus is reported
in the forested areas of the West Coast from LiberffTo Cameroon, through the Congo Basin to
Tanzania with representatives in Madagascar, Comoro Islands, the Mascarenes, La Réunion,
Mauritus, Rodriguez and the Seychelles. .

In the Old Worid Region, the genug is distributed in Malaysia, Thailand. Vietnam, and
northwest into Nicobar and Andaman Islands, §n -Lanka and India with one report from
Nepal. To the east it extends into southern Japan (Ryukyu Islands), Taiwan, the Philippines
and to the soutp to lndonesxa, Grealer Sunda Islands: Sumat‘ra. Java, Borneo, Celebes and
Lesser Sunda Islards; M_oluccas. New Guinea, Bismarck Archipelago, Austraiia:golomon
Islands, Vanﬁatu. New Caledonia and the islands of the tropical Pacific.

The present study is‘ar; attempt to:

1. Define the taxa in Leucophanes primarily 9;1 the basis of structure.

2. Clarif y.the genus taxonomically on a world- wide basis.

3. Delineate habitats for the taxa.

4. Correlate habitat, life-form and structure to evolution of adaptations to a co'rticolous habit.

5. Based on these data and correlations, propose a phylogenetic hypothesis of the relationships
among the taxa as wéll as how the genus is interrelated with other groups in the |

Bryopsida. Particular attention is given to correlations with other members of the

Calymperaceae and closely related families.

v



Historical !leview

Since its description as a new genus (Bridel, 1827): 42 species names and 3 varietal ones
have been validly publish'ed' in Leucophanes. Of these, ten were prqposed by C. Mueller.
Bescherelle proposed five new species iames, Brotherus fhree. whiie Flcisc.her published four
épecies \and one varietal nah%e. and Cardot, Thériot énd Re:‘nauld individually or jointly named
- six species and one variety. The ré‘naining species and- varietal names were praposed by Dixon,
Dusén, Dozy and Molkenboér, Jaeger, Lir_ldberg. Potier de 1a Varde, Miuen.and the most
recent one by Gangulee (1971). C. Mueller gave five spccimc?ms'ncw names without dcsclriplions
(nomina nuda'),. . \

Bridell(l1827), in his original description of the genus described three species: L.
‘ocloblepharioides, L. Squarrosum and L. fragile. The first two remain within the modern
Iconcem of the genus with L. squarrosum as a nomen invalidum aﬁd consbecif ic with L

_ candidum. The third species, L. fragile, is a Syrfhopodon (Syrrhopodon involutus Schwaegr .,
o « . . e . "‘ .

feste W. D. Reese). f{»" '

Schwaegnchen (1827), perhaps unawlzc of B'n.del"l ;le:;enus descnbcd WO new
species of Syrrhopodon These were S. candzdum md S. glwcum Both species were placed in
Leucophanes b) hndberg (1865) and Mitten (1859) respectively. In 1846. Dozy and \
Molkenboer described L. korthalsii from their Indonesian collections. This name was given
varietal status by Fleischer (1900-1904), as L. octoblepharioides vér, korthalsii.

- Mitten (1863) déscribed L unguiculatum from a West African colleé%ion. A year later,
C. Mueller described a specimen of L. glaucum as L. albescens. Lindberg (1865) described a
disjunct population of the same species from the Amilies (Gﬁadelo@pe) as L. guadalupense.

From 1870- 1900, twenty -two new species of lzucophénes were described. Of these,
only five are recognized as valid t.ahxonomic entities in this treatment. The species recognized

are: L. angustifolium Ren. and Card. (1891); L. molleri C. Muell. (1886): L. hildebrandtii C.

Muell, (1876); L. rodriguezii Ren. & Card. (1895) and L. seychellarum Besch. (1880), hml 6f



them from Africa. g

In the 20th Century, thirteen new ‘s’pscics and two varieties have been described. Of
lhcsé.\ only three remain taxonomically r'écognizid'loday. Th;se are: L. renawidii Card. (1904):
L. serratulum Fleisch. (1914); and L. scabridens P. Vard. (19345 ). .

) I have been unable to examine the type material of L. scabridens therefore, this species

name is retained until the types can be reviewed (see Appendix 1). A

® ~ Most descriptions of new species (;f Leucophanes have beer based on a few variable

~ structural characters of the gametophyte. A cr_itical revision of specimens from different
geographical localities has 'showp that some of the characters considered important in delimiting
particular species are more variable than or-iginaily thought. L. glaucesceng? for example, was
distinguished from L. subglaucescens by the spinosity of the costal area. This character varies
within plants of the same population and between leaves of the same plant. Dixon (1916) noted
this variability in the above mentioned species, indicating also the need for a revision.

Of the 13 species of Leucophanes here considered as taxonomically recognizable, 12
were originally described under 41 names. The additional species, L. milleri is described as new.
Types for 34 of the 42 names have been critically examined: another, L. smaragdinum can be
placed in synonymy using additional criteria. The names not yet typified are listed in Appendix
1. In addition, 12 nomina nuda are known; five of thesé have been placed in synonymy by

-previous authors (Appendix 2).

Of the three varieties formerly described in the genus, none of them is given formal
taxonomié rank in “t‘his treatment. Instead, six subspecies are recognized in the genus. These are
L. glaucum suibsp. glaucum, L. glaucum subsp. nhkahivense. L. glaucum subsp. vittii and L.
octoblepharioides subsp. ocioblepharioides and L. onglepharioidgs subsp. meijeri and L.
octoblepharioid;s subsp. whittieri.

At the generic level and based exclusively on gametophytic characters, Leucophanes was

first divided by C. Mueller (1874) into three sections (Table 1). These are:

~ 1. Section Trachynotus. Plants in this section were characterized by ‘their habit of erect, narrow



wnono}8 -7

smjoRiyd>81] snvalqag

wnpipuv> *P
SR)oNOIF] SANISQNG
way-sezepeg

. ®
(11493339 " 7-+)
(3on1sMD )= )

( fudI539[0 "I = )

3 wnnp)d ]

BI1S01)S012)F] WOH)IIsqNG

w£)101p022)a4 T WO

wnonondun
wnpipupd
si)otpowo}] *| wo1)2g
(s161) 10p18)

(1403309 7=
(3jp41sn0 "7 =)
(suddsaqp =)

wnono)?

4 oG

wmonondun ,..q
.P:E\.Eu 7

\J __e:uum, ]
(0061) iopIe)

saupydodnaT ui pxe) dMiauadeljup | JqeL

(svadnjopond 7=)
(wmnono)3 7= )
(swarsaqmo 1= )

.“Su.,!:n 7

snjouiyoni] wolIg
«;.u:t.:cu«:: 1=)
wnonpyd -y

\:,.:t.: 1=)
(wnupjIpomutas T =)
(wnaindas 1=)
(wniafjupond =)
wnppuod "
SNJONO0IX| UO01)IIG

(1061) “tap D

(asuodnippond 3 =)
(suadsaqp ~J=)

wnono)d -y

snjoulydu1] wo1)29g

(Hsu219) 7 =)
(Wwnupp)pivmutas "7 =)
\_.5.233 ..T!i
wnpjpuvd
SN)ON0IX] WOLIIS
(ris1) ‘womy D



Hapom =
H3jjpa =7

11puvsqappry 7

wnjjoffisnduo 7.

sJusydodrnry snualqag

saqiy-rsrmpeg

(wmnpyor 1 =)
(wnjjdydopsoid 7= )
{nossow -y H‘»
wnjjofpysnduo )
BJ1S01)SOWO]| ¥01)1I5qNG
{(wnappgoru =)
A?P10joyd 140100 )
(swadsaono)dgns =)
(wmpjpios 7 =)
«E:SN»EBE» 1=

(2suaajyoynu =)

(wnpnonpyd ) = )

(s161) r0pi8)

(wndpyos ¥1 =)
«E:,z.«.cuotsa 1=)
( 1114055DMM .q.n»
wnjjofjisadup 7y

. D senag
«E:utveeu?. 1=)
sapjo)aoydajqorro -y
(swadrsadnodgns 1 =)
(wnpjpsos -y =)

(wnujp8oiows 7y = )

(#suaajypynu 1= )

(?susdnjopond =)
(wnnono)d -7 =)

(0061) i1op1%)

(eppiisno =)
wnono)d -}

( tuwowunou -7 =)
wnpipup) "y
snjonidos| wo1)dIg

wnipjjaydrMas

4 (sapjows0501y10 7 =)

{1uniqoos .qn\.
(13wumq 1=)

fowniq 4
(wniqoosgns 7= )
(wnisdso “7=)
wniadso Eietnenw
(suadsaonvjiqns =)
(mnpipsos -1 =)
(1061) "W D

(wnppidsn> “7=)
wnono)d ‘g
(suaju-oqp 1=)
sapjopioydajqozo 7y
snjowidosy -o:vu,,w
(wmnpidsiy “7=)
jwaps -y

L (wnigpos =)
(1oumq "1 =)
1ownyq °g

(wnsojdod 7= )

(wniadso "=} "

wns 150X Y

(r81) 128y )
“panutiuo) | Aqey

-



wrppmIIRIun

wmipjjay>das
WRIR LIS ]

( ¢ )svapiiqwis ]

wnipjayIM a5 ]
lzandjipos ]
Hpnowes ]
(swanuoqp =)
sapjojsoydajqoido 7
(wmmpsnigo =)
(121dwoda -y =)
(wnnpigioy =)
(sMdsnojiuap J=)
(ov1uniowpr 7<)
«EEE.VQE:E 1<)
{wnadvsadwi o 1= )
. 129)j01u )
11puviqopiy ]

(s161) r10pie)

wni)jayrbas -7
113on8)apos ]
(swayu ogpo "7 =)
saprojsoydarqordo 7
- (wnmmpsnpQo "1 =)
(131dwod4) 1 =)
(wninpjisoy "7 =)
(sidsnijuap 7y =)
(20junidwor =)
(wmpisdwdjo> 7= )
~E:s.€“~§zt:uu 7=)
143))ow '}
11puosqopliy

(0061) 10pi8)

(¢ wnvopips 7
«ELteccu:\ 1)
(wamujpw 7y =)
(svoyuoqp "71=)
52pJ0)pyd ;o130 ]
(wnmosmqo "7 =)
(901uniawpr ") x )
(wnadoiadwdjor ‘7= )
149]j0w 7
Hipubiqapliy 7
(ospadnppond 7= )
(suadsanp1d 71=)
(wmpopydsn> -y =)

(1061) 19y ")

(¢) wnuopya 7
(ris1) ‘1w ')

panuNuO) | Aqey



™\

leaves with a thick midrib that is strongly dentate on back.

This section included: L. glaucum (Schwaegr.) Mitt. (as L. albescens, L.
guadalupense), and three species of £xostratum that Mueller classified in the genus
Leucophanes. These are: E. asperum (Mitt.) L.T. Ellis (as Leucophanes upery_qaud L
papillosum), E. sullivantii (Doz. & Molk.) L.T. Ellis (as Lewecophanes hispidulum) (Doz. &
Molk.) Fleisch. var. hispidulum (Mitt.) Fleisch.) and E. blumei ( Mitt. ) L.T. Ellis ( as
Leucophanes blumei and L. scabﬁm).

2. Section Lelonotus. Taxa in this'section were characterized by having robust stems, forming
tall turfs, leaves that bend outward at a sharp anglc and smooth costa.

The species inciuded here was: L. cando‘dum.(Schwaegr.) Lindb. (Mueller's L tetensii,
L. reihwardtianum) and L. recurvum Mitt.).

(3) Sect%n Tropinotus. The species in this secl;on were characterized by a small turf -forming
habit, stiff upright ieaves, with a smooth costa, and strongly keeled leaves.

Species included here were: L. candidum (as. {y vitianum). L. glaucum (as L.

N /
cuspidatum) and L. oc:?b(t{ll‘rioides Brid. (also as L. albo-nitens).

In 1901, Mueller cyipandcd the number of species included in each section. Thus, eleven

species were placed in Section Trachynotus, four of these are presently recognized in the genus

Y
Exostratum; 20 species were included in Section T ropinotus and five in Section Leionotus ( Table

. )

Cardot (1900) also divided the genus into three sections (Table 1). The structure of the
leaf (expanded costa of Cardot), as observed in transverse section, was the main character for
his classification. Of the three sections recognized by Cardot, only one, Section A. is equivalent
to any of C. Mueller's, corresponding to his section lfionolus. The other sections (B and C)
\included species from both Trachynotus and Trapiﬁ';;us. Cardot's classification is as follows:
(1) Section A. This section included spede;s with a uniform structure of the leaf from base to

apex, not only in the number of layers of cells, but also in the shape of the cells. Plants in this

section have leaves that are, in Cardot's concept, “homostrésique” (from alpuve=layer),



that is, the leaf (or the expanded costa of Cardot) is compoudAof two layers of leucocysts
frum base to apex. They are also “homodictyée” (from dnog = resemblance, duXCVQy. = plexus
- or net)-that is homogeneous in their structure. .
/ Th!species included in this section were: L. candidum (as L. ﬁosc:dum C. Muell | L.
aciculare C. Muell., L. naumannii C. M;ell.. L. recurvum Miut _, Lt tetensii C. Muell. and L.
= densifoltum Mitt.), and L. unguiculatum.
\.2. Section B. All the species included here have in common a leaf (expanded costa of Cardot)
‘lhal 15 "hétérodictyée ™ (with a different structure at the base than at the apex) and
"hétérostrosique or subhétérostrosique (abaxial side with numerous hyalocysts). The leaves are
goitrous throughout their length, loosely overlapping, and have a fairly long hyalm: lamina.
The chlorocysts are thicker than in the previous section. A transverse section of the leaf is \-\
composed of two, at times three, layers of leucocysts on the abaxial surface; the hyalocysts on
the adaxial side, rarely divide to form more than one layer. The chlorocysts are
"hypercentrique " (closer to the adaxial surface) and numerous (5 to 8 on each side of the
central ste‘rcid band), more or less rhombic and elongated along the longitudinat axis of the
leal. The central stereid band (stereome) and the margins are lhic‘ker than those of the species
in the previous section.
The species included heré were: L. glaucum (as L. albescens C. Muell., L. ausirale
Broth., L. beccaru Broth.'el Geh., L. compactum Broth., L. guadalupense Lindb ., L. glaucum
Mitt., L. glauculum C. Muell., L. nukahivense Besch.. L. pugionatum C. Muell., L.
smaragdinum Mitt., L. sordidum C. Muell., L. subalbescens Broth. and L. subglaucescens C.
Mull.), and L. octoblepharioides (as L. nicobaricum C. Muell.)
3. Section C. The structure of the leaf in plants of this section is close 10 that of Section B. The
leaf is ';homosubsique' throughout its length and the apex is more or less convex or plane as
seen from the abaxial or adaxial surfaces respectively. The chiorocysts are “hypercentrique” at

the base, nearly median at middle and "hypocentrique” (closer to the abaxia! surf ace) at the

apex. At base, the number of chlorocysts is reduced (as compared to Section B) to m



side of the central stereid band and yre elongated along the main axis of the leaf.

The species includfd here were: L. angustifolium Ren. & Card. (as L. massartti Ren. &
‘Card.. L. prastophylium Besch. and L. tahsicum Besch.), L. hildebrandsii C. Muell.. L. molieri
(as L. calymperatum C. Muell., L. cmm'c. Muell., and L. denticuspis C. Muell., L.
horridulum Broth.. L. lecomptes Besch., L. minutum C. Muell. and L. obfusatulum C. Mull.).

and L. octoblepharioides Brid . (also as L. albo-nitens). \ .

N,

\ i
Later, Cardot (1915) proposed to divide the genus into two sections: (}) Hor_nbdictya.

including speci¢s with a leal (expanded costa of Cardot) that is "homodictyée” and
"homostrdsique " and, (2) Heterodictya, including species with a léaf that is "heterodictyée .
This last section he subdivided into two subsections, Hétérostrosica and Homostrosica ( Table
1). Subsection Hétérostrosica is ucharaclcrized by a leafl (expanded costa of Cardot) that is
“hétérostrosique " or 'subhétérostrbsique:' and the leaves keeled throughou'l. Subsection
Homostrosica is characterized by a leal more or less "homostrdsique " ending in a convex area
on the abaxial side, plane on the adaxial side.

At the family rank, Leucophanes has been closely associated with Arthrocormus, .
Exodictyon, Exostratum, Octoblepharum, Cladopodanihus, Leucobryum, Ochrobryum, and
Schlslonmr}um (Table 2). Many of these relationships have been primarily based on lhg_s_/“J
structure of the leaf. All these genera share the multistratose condition of the leaygswdn
transverse section, the leaf is composed of one layer of chlorophyllous celis (except for
Arthrocormus, E xodiayon .;md Exostratum) surrounded by two or more layers of porose
hyaline celis.

C. Mueller (1849, 1874, 1897, 1901), Cardot (1899, 1900, 1904, 1915) And Brotherus
(1901). who followed Cardot’s (1900) classif icau'on'. included Leucophanes and all the other'
above mentioned genera in the Tribe or Family Leucobryaceae (Table 2). Even though Cardot
(1900) recognized that, by peristomial characters, Leucophanes is closely related to
Syrrhopodon rather than to Leucobryum, he maintained these genera within the same family.
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’

Based on peristomial characters, Fleg'sch& (1900-1904) separa_}_ed &ucbpMnes,
Octoblepharum, Arthrocormus and Exodictyon into a single family: the Leucophanaceae.
Leucobryum and related genera were segregated into the family Leucobryaceae. These families
were placed in different ul'fﬂlomic "Reihes”. Leucophanes was associated with the
Syrrhopodontaceae and the Calymperaceae in the "Reihe” Monocranoideae (or Hyophiloideae).
Leucobryum and related genera were placed close to the Dicranaceae and Fissidentaceae in the
"Reihe” Dicranoideae (Table 2). Fiejsche_r (1923) later change& his mind and included the
Leucophanaceae and the Leucobryaceae in close a‘ssocia_tign. in the D_icranales (Table 2).
Fléiéchcr's first classification was overlooked for many years, pérhaps, due to his later
rearrangement of the genera or to the fact that peristome characters were not heavily weighted
"in détermiwing‘xelationships among various taxa, or both. -

Bunnuius (1908), following Fleischer (1900:1904). in a list of mosﬁes from Samoa and
the So‘lomon Islands segregated Leucophanes, Arthrocormus, Exodi‘ctyon and 0ctoblephaﬁm

Y v S
into the family Leucophanaceae. Leucobryum‘ was placed in a separate family the
Leucobryaceae. In a later publication, Brotherus (1924) followed Cardot's (1900) arrangement
of the genera ‘e_md placed all of them in a single family, the Leucobryaceae, with Leucophanes
segregated into the subfamily Leucophanoideae. Arthrocormu;, Exodictyon and Exostratum
were placed in the subfamily Arthrocormoideae, and Octobkepha(um"and Leucobryum (as
Cardotia) in the subfamily Octoblepharoideae (Table 2).

Herzog (1926) placed Leucophanes in a monogeneric family the Leucophanaceae.
erhrqeormus. Exodictyon, Oétoblepharum. and Leucobryum and related gcnera,‘.were placed in
the Leucobryaceae' (‘Table'2). No explanation was given for this arrangement.

Andrews ( 19;7)_ proposed the elimination of the family Leucobryaceae. Based on the
structure of the peristgmc and the ahatomy of the leaf, he proposed the inclusion Qf

' ~ Leucophanes, Xr:hrocomms, "Exoélctyon and Octoblepharum in the Calymperaceae. For

‘Leucobryum and related genera, he proposed their placemcm in the Dicranaceae.
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Crosby and Magill (1977) f ollowmg Andrews (1947) mcluded Leucophanes and relalcd
genera in the Calymperaceae Leucobryum was placed in the Dicranaceae.

Ed\\(ards (1979). in his studies of the haplolepideous _pcristomcs. included Leuco)’?yn'ﬁ ;
Octobtepharum and Exodictyon in the Order Syrrhopodonlalés. He stated that the peristome of
' Leucophanes (based on L. candidum (Schwaegr.) Lindb.) is "typical-of the Syrrhdpodomaics".
" In his discussion, Edwards also nolicéd. the closelsu"uctural relationship between the leaf basc of
Exodictyon and that of Syrrhoﬁbdon. He indicated, at tt‘le sam‘e time, that the multistratosc
‘ condmon of the leaf in Leucophanes and the other transferred genera is "unlike anything found
in the Calymperaceae". Edwards (1980), based on the mulustratose structure of the leaf with.
-one or more layers of chlorocysts surrounded by hyalocysts (the so called leucobryoid leaf
* structure), suggested the reteﬁtion of Fleis<':her's Leucophanaceac as a family separate from the
Calymperaceae. ‘ ‘

Crosby (1980), in grou/ping m;>sses into orders according to peristomal similarities,
followed EdWards' ordinal arrangement withiri the haplolepideous Bryidae. Unlike Edwards

»

(1980), Crosby placed Leucophanes, Arthrocormus, Exodictyon and Ocloblek}:.ezmm in the

,\‘ " Calymperaceae rather than in the Leucophanaceae.

‘

Vitt (1982b, 1984), like Edwards (1979) and Crosby (1980), suggestea stregsing
peristomial similarities and placed Leucophanes, Octoblepharum and related genera in the
Calymperaceae, and Leucobryum and related genera in-the Dicranaceae ( Table 2).

Ellis (1985) in his revision pf Exbdiczyén proposed the inclusion of this genus as’well as
Arthrocormus, Leucophanes and Oéi;)blephamm in the subfamily Leucophanoideac within the

[ ] .
Calymperaceae. His classification is a modification of that which appeared in Brotherus (1924)

(Table 2).



I1. MATERIALS AND METHODS
NOMENCLATURE. One of the bbjec‘tiv?s of a taxonomic monograph is the clarification of the
names of the taxa considered. Like Morton (1982), 1 believe that noménclatural_subiiity is one
of the critical and fundamental aims of the taxonomist. I also believe that the International
Code of Botanical Nomenclature (ICBN) (Voss et al., 1983) offers the guiQelinés for a
taxonomic work of this type. |

I have 6blained‘an';d reviewed the original literatyre and protologues ®f all namesj, 'and
the types of all basionyms have been examined, except the few for which I was unable to locate
lﬁg type Specimcn;. Bibliographic citations and abbreviatiéns follow Index Muscorum (Wijk er
al., 1964, 1969). - | |

- Types not §en were: some specimens from C. Mueller's herbarium, e.g. Leucophanes
albescens, whnch was destroyed during World War I1. In other cases like L. smaragdmum Mitt.
and L. scabridens, the type specimen could not be located (see also Appendix 1). For lhe
Mueller types, potential type specimens were requested from other herbaria wnh which the ~
authority was known to have exchanged materials. In the cases in which type specimens were
not examined, a careful study of the material from the author's (or his colleagues') herbarium
was pursued o arrive at the concépt of the species in question.

In orde.r' lb defermine.the existence of a~Holotype or to select a Lect ?ype various steps
were followed. First, a careful revision of the protologue was made and the basionyq was
listed. Potential type specirﬁgns were reque§(ed from the author's herbarium and others in
which duplicates of his collections were or might have been deposited. If there was evidence (as.
far as we can presently verify) that a single specimen from the author's herbarium was used for
the original description of the taxon, with, no duplicates found in any other herb_aria. this ;

specimen was considered to be the holotype. For most taxa, various duplicates of the ‘pou-:nlial

type mateﬂria] were presgm?n other herbaria. I do not know if all the samples were part of a

single sﬁecimen; later s:pa};ted by the author (or some other person), or if the sample in the

author's herbarium was the only one used to name the taxon. Thus, for these taxa, a fectotype

17 ,
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was selected. lee Vitt (1980) and Horton (1982) I considered unncccssary the use of the le.rm
| isolectotype for duplicates of the lectotype All dupllcalcs of the lectotype arc considered
isotypes. When various specimens (enhcg from the san}e locality or from different ones) werc |
used origin'étll'y \o’ designate a taxon, one c;f them v;as selected as the Iectotypc‘. The others were .
designated as isoty;;es or syntypes accordingly.

The 42 na;mes originally rccbgnized were validly published by 16 authorities. Ten of
these hames are fror; C. Mueller, three from Brotherus 1( herbarium r;ow at H), one from
‘Brotherus and Geheeb (H). five from Bescherelle (BMand PC), two from B;;dél (B). two
from Cardot (PC). two from Cardot and Thériot, (PC), onc from-Dixon (BM.) two from
Dusén (S, NY) four from Fleischer (FH), two from Lmdbcrg (H). one from Gangulee( BM)
two from Mmen (NY) one from Pouer de la Vardc (PC) 1w from Renauld and Cardot
(PC), and one from Jaeger (NY).

TAXONOMIC CONCEPTS. The classification of objects into taxa (taxonomic conccpl) is as
old as the history of man. Even before the advcnl of early civilizations, man recogmzed groups
of edible, medicinal and poisonous plants. This is what has been called "folk taxonemy?.

hJ

(Heywood,. 1976) and it still cxins in some gribal groups around the world. Classification
.implies a system of in*orm-" ' storage and retrieval (Hevwood, 1976). l.n the biological world,
it'is essential as a refere * the organisms with which the biologist works.

Inbotanyand ¢ -- »j» tes has becn considered the basic evolutionary unit

B1. to mention some). It is important in the sensc that

(Mayr et af. 1953; MJ AR
it represents a Ievei of irf - biological world (Mayr, 1§57). Yet, as simple as these
statements may sound, the species concept ha§ been one of the most interesting and
controversial problems in modern science and an extensive literature has beer; produced lh;ough
the yﬁrs covering the different aspects of it (Mayr, 1957; Simpson, 1961; Wiley, 1978, 1981
provide good reviews of it).

Two im'ponant figures in biology are associated with any discussion of the specics

concept: Linnaeus and Darwin. Linnacus believed that the species were divinely created,

-



constant and sharply delimited (have reality and objectivity)(Mayr, 1957). The taxonomic
sbécics concept of Linnaeus was based on structural characters including some knowledge of
geographicat distributi.on (Heywood, 1976). Linnaéus' species concept was not only
morphological, but also.typological. Thus, the type specimen was considered to represent the
species. | o

The morphological -geographical species concept became widely successful through the
years reaching its culmination towards the end of the nineteenth century. Separation of ’
individuals (populatjons or groups of populations) was based on Similarilies among groups or
entities coupled with morphological‘ discontinuities. The success of the morphological species
concept u;és due, in part, to the fact that the morphological units recognized would usually
correspond to natural breeding populations (Davis & Heywood, 1973).

| With Darwin and the advent of the evolutionary theory, a new conceptual framework )

was brought into taxonomy. Similarities betwegn present day organisms‘were viewed as .
manifesta'lion of common anéestry or common genetic background (Davis & Heywood, 1973;
Heywood, 1976). Thus, according to this concept, species were considered groups of
ancestor-descendant lineages each with its own tendencies and evolutionary roles. This
evolutionary concept has b;een refined ( Wiley; 1981) and is much use in systematics today.

The biological species concept is, perhaps, as old as the taxonomic one. Although the
concept was a generalized opinion by the nineteenth century, botanists accepted it with
apprehension, particularly those engaged in hybridization experiments (Raven, 1980). The
biological species conce‘pl‘ is based on the concept of inlei'breeding populations that are
reproductively igolated from other such units. Mayr (1940, 1957, 1963, 1969, 1976) has been a
leading proponent of this concept. According to thisy view, a species is a group of organisms
sharing a common gene poql. Gene flow is responsible for maintaining the species integrity.
Differentiation, therefore, is not possible unless species gene flow is stopped. -

The biological species concept was initially adopted by plant systematists interested in

evolution (Stebbins, 1950; Grant, 1957, 1971). Nevertheless, the application of the concept in

-



botany has enl'mxgcrcd many problems. Free interbreeding between populations cannot be
taken loosely as a determinative measure for individual pecies (see for example, Anderson and
Snider, 1982). There are many exceptions in bryophytes to the biological species concept.
“Anderson and Lemmon (1974) have demonstrated that gene flow distances for bryophyltes may
be very short. Thus, entities located many meters away may not frequently exchange genes, vet
they may be morpfxologically indistinguishable. Also. geological events may disrupt populations
into isolated entities thal otherwise may remain morphologically identical. On the other hand.,
allopatric populations, occupying different geographical areas, may still inlcr&ced when crosses _'
are arliﬁcia’l_]y made. Yet, these entities, in nature, may have diverged to such an extent that
they areé otherwise distinct. In other words, they share a particular set of apomorphies which
define them as distinct entities even though breeding barriers have not yet developed. Thus. the
fact that they have ‘botc_mial to freely interbreed should not be weighted singly to place both
entities into a single species. In bryophytes, restricted gene flow with the produélion of hvbrids
or the study of meiosis in hybrids are not, by themselves, sufficient for ta;(onomic‘conclusions
(Szweykowski, 1984). Added to this is the fact that many bryophyles exist in large uniscxual
populations that reproduce only by asexual means (Anderson, 1963: Longton & Schuster, 1983;
Schuster, 1983; Szweykowski, 1984) . Thus, for practical purposes, the biological species
concept, useful for animais, is not operational in _br§'0ph)'tes (and many other plant groups as
well); supplememal‘data from different methods should be compared. These methods must be ‘
as objective as possible and ideally an experimental approach ought to be involved.
Experimental approaches may include crossing of individuals. transplants and growth under
controiled environmental conditions. The data must be evaluated in the lighl of phylogcnclic
relationships of ancestral-descendant lineages to arrive at the concept of a species for a '
particular taxon. 1, then, support a pluralistic approach to the sp;:xdes éoncept. Like Mishlcr ‘
and Donoghue (1982), 1 believe th:;\t each problem should be carefully and criu’éally ciamincd

in the light of all possible gathered data to arrive at a concept of a épecies for that particular

taxon. In this evaluation, phylogenetic relationships of ancestral descendant lineages, based on
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shared derived characters (synapotypies that delimit monophyletic groups) are of prime
| imporunce. The species thus def ined, will be ph’ylogcne(ically mqimf ul.

,An this treatment of lzucophane;. my species concept is primarily based on structural
features. It is my belief that it is essential for a systematic revision of this type to have a
thorough knowledge of the structure of the taxa. This can be done ‘by an extensive study of
herbarium specimens. Field work is also csscmia] in the understanding of afty group. It is not a
substitute for the study of structure, but a complemg that gives a perspective of populations

not possible to achieve with the study of herbarium material alone. | believe that species have a

| cétcgory of su‘t;Spécics was_ first u rsoon (1805-1807). It did not have any geographical
connolauons but was uscd only as an mtcrmcdxate category between the specnes and the variety )
(Davis and Heywood, 1973). The modern usage of subspecies fallows closely tﬁat proposed by
" Du Rietz (1930) and Rothma'ler (1944, 1954, 1955). Du Rietz (1930) defined the subspecies as:
“a pdpulation of several biotypes forming a more or les distinct regional facies of a species”.
The testriction 9F the concept to major geographical races dates back 16 the early works of
ein (1896, 1898). UL |
For Rothmaler (1544, 1954, '19}5). the subspecies 1§ a:"oup of plants more or less

separated by a group of ghnrécttrs and usually not genetically isolated. In this sense, various

subspectes of a species may‘b‘e’ continuously intergrading with each other. Subspecies clearly

- have a common origin as denoted by the many attributes they share in common.

The subspecific category has been widely used in 200logy (Mayr, 1969; Simpson, 1961).
It has been used for example for a taxon "characteristic of a particular gcbgraphical area of
geological horizon” (Intern. Code of Zool. Nom., Art. 45, 1961). Traditionally, botanists have

used both subspecies and variety (Davis and Heywood, 1973). In bryology, the subspecific

® -
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category has been of limited usage when compared to variety. The common prl‘c‘licc isto
restrict its use to populations of various biotypes with a restricted geographical area or
cytological sterility barrier that have an imperfect morphojogical dif ferentiation (Crundwell,
1970a). |

The taxonomic rank of variety has been widely wsed in botany. perhaps, imposed by the
Linncan tradition as suggested by Davis and Heywood (Zl\973). As with the casc of the
subspecies, the category of variety has been used in.laxonomy for units of different rapks (Du
Rietz, 19‘30; Davis and Heywood, 1973). Du Rietz (1930) proposed the use of varicty for "a
;;opulation of one or several biotypes, forming.more or less distingt local acies of a species " .
In its modern usage it is widely applied to morphologically distinct populations (that may,
comprige several biotypes) with a restricted geographical area (Davis and Weywood. 1973) In
this scnsé. van’ctics‘ maLbe ecological. geographical, genetic or a combination of these.
Bryologists have‘u;.ed the variety to circumscribe ecological variations as well as morphological
variants that occur in a particulaf geographical area (see for example Buck, 1980). Crundwell

(1970b) has proposed the use of infraspecific categories 10 stimulate the investigation of some

_ variations that may be otherwise overlooked. In this treatment, the subspecific category will be

recognized in the sense of Du Rietz (1930) and Rothmaler (1944, 1954, 1955).

In the present taxonomic treatment, some morphological variations have been useful in
distinguishing populations of l:eucophanes. For example. in L. glaucum. variations in peristome
ornamentation‘segregate populations that are otherwise gametophytically indistinguishable.
These populations have been recognized at the subspecific level. In L. octoblepharioides, there
ate populations in which more than one layer of hyalocysts are observed on the abaxial side (;r
the leaf, at base. These populations wcré given varietal rank (L. octoblepharioides var. |
korthalsii) by Fleischer (1900-1904). The fdnnalion of the second layer of hyalqcysls 15
variable among populations of this species and a range of intermediate forms are observed

between the two structural variants. It is here considered that these variations are pan of the

structural plasticity of the species. Thus, populations with this type of variation are not given



23

taxonomic recognition. Qther populations of the same species from Borneo and Thailand have
long setae and squarrose leav'a with a costa that is covered, from base to apex, by a layer of
hyaline cells.“These fe:*ures are constant and characteristic for these populations. Thus. plants
with these characters have been given sub_sﬁecific rank. .

At the generic level, the first definition of this category was given by Linnaeus (1751)
in his "Philosophia Botanica". The genus was conceived by him as a group of closely related
species (Love, 1963). | '

In bry;)phylc laxonomy, generic concepts had rested a great deal upon tradition*
(Anderson, 1974). Recently, increasing cytological cvidence, and critical evaluation of
morphological data complemented by numerical (quantitative) methods have resulted in the
segregation bf some gencr/; (Kopbncn. 1968; Smith, 1971; Horton, 1982; Frahm, 1983, Ellis,

1985). “'
| I believe that an evolutionary approach to the concept of the genls (as with the
species) will certainly help in providing some unifying guidelines. A critical analysis of
discontinuities and variqlignal patterns of genera within a given family, based on all data
available, is a very important step in this direction (see also Frahm, 1982, 1983).

In the circumscription of the genus Leucop‘hanes, as with the species, structural
characters coupled with data from field observations were evaluated. Gamelophylic and.
sporophytic characters (within certain degrees of variability) are typical for the genus (see
taxonomc section on the Genus). The combination of these characters in Leucophanes is
distinct from those occurring in Exodictyon, Exostratum, Arthrocormus. and Octoblepharum.
No important discontinuities to these general morpholo;i;al patterns have been observed to
~ justify the proposal of an additional generic category. At the subgeneric level, three distinct
species-complexes can be dnsunguxshed These have been {axonomlcally recognized as the

subgenera Leucophanes Trachynom: and Letonotus

DESCRIPTIONS. The descriptions are based on critical examination of herbarium specimens
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and where possibic living material. A diagrammatic represetation of the methodos foliowed in |
the measusement of diffegent plant parts is given in Figs. 1-11. Size of the plants was rﬁawred
under the stereomicroscore or with the naked eye. Leaf aspect was determined from dry and
moist mat;rial. For leal size, the plants wen:c moistened in boiling water and leaves from the
mbst distal part of the stem detached and mounted an a slide, a covcfsh‘p was placed with a .
slight pressure to flatten the leaves. Five leaves from each specimen examined were selecied for
measurements, using a stereomicroscope at a magnification of 120X for leaf length and, at
250X and 500X for leaf width. For species with strongly squarrose leaves, the length of the leaf '
‘q\as measured fror%msemon to the bent area and from the bent arca to the apex (Fig. 2). Cel
size was taken onh for surface hyalocysts on the abaxial side of the leaf . For basal and median
hyalocysts, 20 measurements per leal were recorded ($ lcavcsAper sample); for apical
hyalocysts, 10 measurements. Length and width sizes of cell lumena were taken under a light
microsco;x at a magnification of 400X . Transverse sections of the stem were laken from moist
material under the stereomicroscope. These sections were mounted and measured under the
light microscope at a magnif icati?)n of 400X. Length of the hyaline lamina was taken from the
leaf inscrtion to the uppermost hyaline cells and recorded as a fraction of the whole leafl lcnglr:.
The width of the lamin; (in rows of cells) was delermined from surface view and transverse
sections. ‘Length of the seta was recorded from its insertion 10 ihe vawgn'nul;{)o its attachment to
the neck of the capsule. Twisting of the seta was determined. on Lace view, from dry matenal,
counterclockwise twisting is referred to as dextrorse, clock wise twisting, sinistrorse. Capsule
length included the opcrculurh and urn unless otherwise stated. Exothecial cells from the center
of the capsule were measured from mat_eriabl previously mounted in Hoyer's medium.
-~ .

Measurements of length and width of the lumen of exotheci) and rim cells were carried out
under the light microscope at 400X. Ten cells ber capsule were measured. The number of
capsules measured was dependent on the material available for examination . Length and width

of the guard cells (5 measurements per capsule) and spore size (based on S0 measuremen:s per

capsule) were recorded from prepared slidts mounted in Hoyer's and examined under a Light

’
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Figs. 1-11. Schematic representation of the mcth;dology used in the measurement of plant
- parts. A=apex, B=midleaf, C=base, ad=adaxial surface, ab= abaxial surface,
Ch=chlorocysts, Co=costa, De=dextrorse, Gc=guide cells, H =hylocysts, Hl=hyaline
lamina, L=lenglh, uzlacunac, Le=length of capsule, Lo=length of operculum,
Ls=length of setae, Lu=ilength of wrn, Mi=multistratose lamina, S=stereids, |
Si:sinisu‘orsc. W?widlh.
Figs. 1-2. Leaf habit.
Fig. 3. Chlorocysts in surface view.
Fig. 4. Hyalocysts in surface view.
Fig. 5-6. Transverse sectians of leaves.
Fig. 7. Hal;l:l. .
Fig. 8. Transverse sections of stem.
- Fig. 9,Capsule.
Fig. 10. Sporophyte.

Fig. 11. Twisting of seta.
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microscope at 400X. Details and size of sporc ornamentation were described from SEM

micrographs.

LINE DRAWINGS AND SCANNING ELECTRON MICROGRAPHS. Photographs of plant
habits were taken based on dried specimens. For calyptrae and capsules, drawinés of dried
samples were done under'the stereomicroscope with the aid of a drawing tube. In other céses. a
projecting microscope was used and line drawings of the magnified image were done. For the
leaves and gemmae, line drawings were made on thordughly moistened material placed on a
. slide with either the abaxiai or adaxial surfaces down and compressed under a coverslip.
Freehand, transverse sections of thoroughly moist leaves were mounted in water and Hoyer's
medium (Anderson, 1954). Line drawings of freehand sections were1 done under a compbund
microscope with an attached drawing tube. |

| Specimens to be used for scanning electron microscopy (SEM) were selected from those
studied with the ligt;t microscope to represent the variations observed in a particular taxon. The
selected material was prepared for SEM as follows: (1) throroughly hydrated in distilled water
(for capsules, in .i)arlicular. after treatmeﬁl in boiling water, they were left overnight to ensure
complete penetration of water into the spore sac); (2) sectioned-freehand with a sharp razor
blade (when applicable); (3) fixed in OsO4 for 25-30 minutes; (4) thotoughly washed:; (5)
dehydrated through a 10, 20, 50, 75, 90. 95% sequence into ébsolute ETOH; (6) left overnight
in ,10(3% ETOH;"(7) set through a 10, 20, 50, 75, 90, 95% sequence into 100% amyl acetate; (8)

left overnight in 100% amyl acetate. The material was then critically point-dried and mounted

ip double -sided tape on ‘stubs or in glue (Mikroslick) on stubs.

HABITAT. Information on habitat was derived mainly from the protologues, previous
publications on the material revised and herbarium labels. Habitat information for the

C&xibbean, Panama and the Vanuatu collections was also gathered from field trips te these

areas. ' e ,
e \\ ! @%



Measurements bf bark pH were obtained for some specimens from Vanualu and
Panama. About 2-5 mg of air-dried bark were placed in distilled wat'er and stirred for gfcw
mmules The soluuon was allowed to stand for at least twelve hours and readings wc’?ttakcn
with a single probe Beckman Electromate meter.

For the Neotropical sample, pH determination was made from a single collection from
Panama (Salazar, 3017). The plants have been growing in the laboratory for two vears on a
piece of branch from a Virola shrub. The bark was processed as above and the }-I was
measured. A second determination was made in the following manner: the picce of branch with
the growing plants was thoroughly washed with distilled water and the pH of the lcacha'lc
measured. » ‘
G'APHICAL DISTRIBUTION. Individual localities were plotted by a dot or half dot
based on information obtained from specimens received on loan from various herbaria and
from my own collection; mainly from Panama, the Caribbean and Vanuatu. In some insl;nccs
in whiéh localities were clese together, it has not been possible 10 retain clarity of
represcntauon Based on the mformauon available to me at the present time (April, 1980) I
have attempted to plot as many ta.xa as occur in the Old World, India, Africa, New Guinca,
Australia, the islands of the tropical Pacific and the Neotropics. Specimens cited in other
publications have not been considc;ed unless they were.examined and thpir identification
confirmed. For specimens with no spec;ific locality, c.g. "Sumatra™, "Java", a careful study
was made of the collector's botanizing trip(s) as appear in his own, or his collev‘agucs'
publications. With this information, the épproximate locality was plotted. Specimens from the
following herbaria were used in plotting the distributions: ALTA.‘B, BM. C, CBG, EGR, FH,
G,.H,INPA JE, L M, I:iU, H.A. Miller personal herbarium (that will be transferred to
MU), NYPC, PMA, S, TRTC, U and W. Particularly uscvful in determining the geographical -
range of taxa were the many collections from B, BM, CBG, EGR, FH, INPA. L. M, NY. :

PMA, S, U, W and H.A. Miller, personal herbarium. Worldwide maps (Goode homolosine
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cqual area projection), and maps of Africa and New Guinea (Mercator projection) were used
for plotting the geographical distribution of the laxa.
SPECIMENS EXAMINED, C'itation of specimens examined represents a useful source of .
infqrmalioh that supplements the distributional maps presented. First, it gives information on

_the location of a particular sample(s) on which distribution dots were based. Secondly, it may:

also provide altitudinal notes important in  documenting and defining the habitat ranges for

species. Thirdly, it gives some indication of the lotal number of specimens exammed that served

[

as the bas:s for the descriptiéis presented Finally, it may help interested rcsearchers in
requesting a loan of particular specimens to arrive at the taxonomist 's concept of a taxon.
Nevertheless, I'have consid_ered.lha'l the amount of space that specimén cilafions take in a
publicalipn and the time involved in corﬁpi]ing these records oulweiéh the purposes of citing
them. I'nstead, I list, t:or each taxon, the mrmber of specimens examined a;ud annotated in each

herbarium (number of specimens above 30 are rounded to the nearest five).

W



I1I. MORPHOLOGICAL DESCRIPTION
DIAGNOSIS. Plants of Leucophanes are characlerizéd by a white-green 1o blue-green color:
erect turf -forming habit ( closé to Exodictyon and. Arlhrocorpius); the presence of -
epigamelophyles (Salazar-Allen; 1985). léaves comﬁosed of a costa ané a lamina with
multistratose and uniS}rQlose areas, and lh.ciips of the leaves bearing clu;lcred gemmac or
thizoids. The -capsule is exserted, cylindrical 1o ovoid with a short ncn:k and phanerophore
stomata. The peristome is haplolepideous with a prostome'.'and is composed of 16 orange-red,
papillose ton‘smoot_h teeth.ith'at are slcnder to stout.
Plants of Leucophanei, particularly L. candid;m. have been used by natives of

Malay‘éia:'as stuffing material for pillows./This is the only practical use of these plants known
"to me.

HABIT. Plants'of Leucophanes are acrocarpous, unbranched or sparingly branched. in loose to
compact turfs. Although sporophytes are terminal on the main shoot, the stem continues
growth by subterminal jnnovations and also by short branching systems (epigametophytes)

arising from a large superficial stem cell. Thus, the main stem branches sympodiaily. The short

~ hY

branching systemgarise independently of the production of the sporophyte and develop sex
organs. They also develop abundant rhizoids at ‘lhe basc and are easily detached from the main
ste’m. hence acting in vegetative reproduction. The stem has also been observed 1o produce
branches in groups of 2.3, i | } ‘ B

| lndiyidual plants vary in size amd growth increments, perhaps vearly or according to
seasonalil'y of rain patterns are often observed. The tallest plants are observed in L. serratulum,
‘ L. candidym and L. milleri. Among the smallest are the Neotropical populations df L. molleri.

The phyllou{xis is essentially spiral, although leaf arrangements in five vranks have been

observed in some populations of L. candidum from New Gluine:;. Within_the genus, there {s
. considerable variation in\leaf size in different species. The largésl leaves measure 7-8 mm while

\’

the smallest range from 2-4 mm. The growth habit and over-all color impression of the

4
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- gametophyte are important features that define many species of Leucophanes. Important in L.
candidum arc the squarrose 10 erect, tumid leaves and robust habit. The blue-green to light
' green color, broad to narrow twisted leaves with sharply dentate to smooth costae, thick,

rﬁar'gins and{ oceanic distribution characterize L. glaucum. Leucophanes angusti folium is
characterized by its whitish to light blue-green color, long, narrow, easily detachable leaves and
a habit of Ioosch‘lurf s. The greenish-white to light blue-green color and the erect, narrow leavgs
are typical of L. octoblepharioides, while plants of L. molleri are characterized by their_

light -green delicate appearance, forming small turf: S.qLeucophanes hildebrandtii forms tall;
compact turfs with.hstiff leaves. Leucophanes renauldii has a very distinct translucent aspect
under the steroscope. with the large bulging hyaline cells clearly observable at low
magnification. Leucophanes serratulum, on the other hand, is characterized by its robust habit
with long, erect to semi-arcuate leaves, synoicous condition #nd abundant production of

sporophytes. Leucophanqg unguiculatum is distinguished by its coarse appearance with compact

falcate-secund leaves.

S'fEM. The stem of Leucophanes in transverse section is more or less round te irregularly
triangular and composed of a central medullar area of large cells that are isodiametric in shapé.
variable in size and have thin Walls. These cells are surrounded by an ‘outer. cortex of one to two
layers of'cells that are smalfef and have thicker walls than the medullary cells (Fig. 12). All the
cel]s in the stem develdp a reddish-brown pigmentation in their walls. There is no central
strand. The younger, apical portion§ of | the;stem are lighter in color than the older basal parts.
AXILLARY HAIRS. Axillary hairs are present at the apex of the stem surrounding the apical
bud (Fig. 13). ﬂlcy are unbranched, multicellular, hyaline structures variable in size and
number of celis. The apical cell is larger than those below it and rounded at its apex. Axillary

hairs have been found in all species studied, although no mention of their presence has been

reported in the literature. Axillary hairs have been associated with the protection of the growing



Fig. 12. L. candidum. Transversé sections of stem and leaves. ScaleQ 100 um. (Schhltzc-Motcl'
3416, B). | |

Fig. 13-15. L. molleri. (Salazar 3017, ALTA, PMA).
Fig. 13. Apex with axillary hairs. Scale =50 um.
Fig. 14. Leaf -tip ggmmae. Scale = 20 um.

Fig. 15. Leaf -tip gemmae germinating into protoncma. Scale = 100um .
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a;;ices against drought by secreting mucilaginous substances (Schofield and Hébant 1984). As
well, they have been particularly useful in the study of ;Om? acrocarpous groups (Saito 1975,
Horton 1982). In Leucophanes. they are structurally similarand of no taxonomic value.
Mature lcaves of Leucophanes are not associated with axillary hair, these disappearing

a;s/lhc leafl matures. This disappearance has also been reported (o occur in some pleurocarps

(Buck 1980). | /

ASEXUAL REPRODUCTIVE STRUCTURES. The most characteristic diaspores in
Leucophanes arc leal up gemmae. The concept of gemma as compared to propagula, followed
here is lhal of Schoﬁcld and Hébant (1984) . Accordingly, gemmac are vcgctanvc rcproducuvc‘
structures that develop a protonematic phase before producing leafy gametophytes. Propagula.
on the other hand, develop an apical cell and arc lhercfore considered small leaf'y
-gametophores. In all cases of observed genﬁinaling diaspores, a protonematic phase preceded
the production of lealy gametophores.

All species, except for L. candidum, produce, clusters of gerﬁmae at the leaf tips (Figs.
14, 15). These are long, clavate to elliptic-clavate in shape, with more or less thick, papillose
vwalls. The number Qf chlorophylious cells per gemma varies as does its sizc. Gemmae have been
observed to germinate in situ (Fig‘. 15) or when detached. They can germinate from eithér their
proximal or their distal ends. On detached gcmmae.gcrmination is observed, whereas in thosec
attached 10 leaves, germination takes place distally. The proximal region can be branched or
unbranched (Fig. 30) and it is the narrowest secticn of the gemma except when distal portion is
germinting. Asexually produced gametophores in early stages of development have been
observed among clusters of gemmae. Even though the apex of the leaf is the main area for the
production of gemmae, they can also be formed below the apex to midleaf, on adaxial and
abaxial surfaces, particularly associated with the costal area. Ligrone (1984, 1985) has
suggested that, perhaps, the regenerative capacity of the leal will be mqglly restricted to the

chlorocysts in the costal area. This is based on the structural composition of these cells that
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contain spherical bodies apparently composed of ribosome-like particles. Frequency in the
production of gemmae does not seem to be co-rrclaled with the absence or presence of sex
organs as ;eported for some mosses (During, 1979; Une e1 al., 1983) Although leal gémmac are
of frequent occurrence in most species, there is little mention of them in the literature.

Correns (1899) based his brief discussion of the brood bodies (gemmae) mostly on
| Dozy and Pldolkcnbocr's (1855-1870) latin descriptions of L. acroblephario}des,.l,. candidum
and L. hildebrandtii rather than on examined material. He suggested that the descriptions "caule
) Jragilis™ for the first two species ahd nervo in summo apice saepius incrassato et anomalo vel
radiculoso” for L. hildebrandtii possibly indicated., production of brood bodies.

Cardot (1900) mentioned very briefly the occurrence of leaf lip gemmac in
Leucophanes and their development into leafy gametophytes: "...lc stereome est fréquemment
dilaté et propagulifiére au sommet, et les qu'il porte donnent souvent naissance i de jeune
plantules”. Fieischcr (1900-1904) gave a brief description of the "Brutkorpern” in L.
octoblephanoldes L. angusti folium ( a‘ massartii Ren. and Card.) and L. glaucum (as L.
8laucescens C. Muell.) as long, elliptical and shortly articulated ("kurzgliedrigen”™). Andrews
(1947) discussed the production of propagula m‘l.(ucophanes as a trait suggesting the
' relationship between this genus and the Ca&mp&ac’ae in which they frequently occur. Roth's

(in Andrews, 1947) unpublished drawings o}\dw gemmae of L. glaucum (as L. neocaledonicum
Card. and Thér.), L. octoblepharioides (as L. nicobaricum) , and L. molleri (as L. horridulum
Broth. and L. mittenii Card.) are, perhaps, the earliest illustrations of these vegetative
diaspores in Leucophanes.

Detached, short branching systems or epigametophytes, may also serve as vegelative
bropagulcs. These epigametophytes arise from superficial cells of the stem (and perhaps from
gemmae too) apparently by a similar process to that which originates a propagulum. The

.epigametophytes develop into fully grown gametophytes and remain attached to the mother
plant by an extensive rhizoidal system. These epigametophytes are readily detached and serve

also as asexual propagants (for more details see Salazar-Allen, 1985). .
‘ .



Leucophanes leaves, particularly detached ones and those close to or buried in the
substraia, have been observed to develop protonema and leaf ) gametophores, thus acting as

. . v
another mcans of vegetative reproduction.

THE LEAF

. THE CONCEPT OF THF LEAF STRUCTURF IN LEUCOPHANES

Leaf structure is of critical importa;ce in the understanding of the biosvstematics of
l:eucophanes. Traditionally, the leaves of Le;cophanes. Exodictyon. Arthrocormus,
Octoblepharum, Leucobryum and related genera, have been considered 1o be composed mainly
of an expanded costa (De Notaris 1869, Cardot 1900). In lhesc genera, the costa 1s thought to
be represented by the multistratose structure of the leal, with living chlorophyllous cells
(chlorocysts) and dead, porose, hyaline cells (hyalocysts or leucocysts) in vanious layers and
arrangements while the unistratose hyaline arcas, at the'sides of the leaf nca;' the base, arc
considered the true lamina (Fig. 16). The chlorocysts of the leaf are living clements with
"abundant chloroplasts and thin or thick walls. They are the majér photosynthetic elements of
the leaf. The hyalocysts; at maturity, are devoid of protoplasm, have poratc walls (Figs.
22-25) and may contain cyanobacteria and other organisms.

Bridel (1827), in the first description of Leucophanes. considered the leaves as
characteristically costate " folia luculentissime nervata”. Mueller (1843) followed Bridel's
concept describing the leaf of Leucophanes as " folia nervosa”™. Morin (1893) . in his studies of
moss leaves, compared the origin of the midstereid band in Leucophanes o that of Campylopus
(Dicranaceae). He suggested that the pattern of developmen} indicated a common trait between
these genera: "C’'est un trait d 'union avec Carﬁpylopus, ou le stereome se retrouve plus
developpé et fnultiplié surtout daps sens de la largeur de la feuille".

The concept that the leaf is composed of the expanded costac was first proposed by De

*
Notaris (1869) for Leucobryum: " Folia enervia, vel si mavis, nervo latissimo depresso exarata”.



Figs. 16-21. C =costa, Ch=chlorocysts, H = hyalocysts, Hli=hyaline lamina, M =margin,
Fig. 16. L. molleri. Transverse section of leaf. Scale=55 um. (Puerto Rico, Salazar 2958,

PMA) R

Fig. 17. L. angustifolium. Transverse sccli(;n of leal at base. Scale=20 ‘um: (Society
Islands, Moore 6, B) .

Fig. 18. L. moller:. Isolated hyaline areas at apex of leaf. Scale =25 um. (Panama, Salazar
3017,.ALTA, PMA).

Fig. 19 L. h:ldebrandm. Spinose apex. Scale =40 um. (Comoro Islands, Hildebrandt a.
1875, H). '

Fig. 20. L. moller:. Apex with leaf-tip gemmae. Scale =40 um. (Cameroon, Dusen 117,
BM).

Fig. 21. L. glaucum. Transverse section of leaf at base. Scale= 20 um. (Australia, Bailey -

651. BM).
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Figs. 22-23. Pores on basal hyalocxﬁls.
Fig. 22. L. candidum. Scale =20 um. (Samoa, Schultze-Motel 3416, B’).
Fig. 23. L. molleri. Scale= 20 um. (Salazar 3017, ALTA, PMA).

Fig. 24-25. Pores on apical hyalocysts. Scale =20 um.
Fig. 24. L. élaucum (S. Andaman, Kurz 2546, BM).

Fig. 25. L. molleri (Brazil, Schiftner €99, H).
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This concep! was adopted yeai:s later by various authors, among them Lindberg (1886),

Braithwaite (1887-1905) and Husnot (1884-1890). Lorch (1894) on (he bases of morphological

studies, suggested that the multistratos¢ area of the leaf ip Leucophanes represented the

expanded costa. | n a later work (1931). he emphasized the. physiolbgical aspects of the leaf ‘

structure and proposed to regard the cen.tral area with stereids as the true costa. Cardot (1900).
N f;llowing De Notaris, indicated that the leaf in Leucophanes and related general was mainly*

| composed of the expanded costa. No developmental patterns were illustrated. Fleischer
(1900-1904), in h‘is descr'iplion of L. sertatulum, pointed out the distinct costal character of the
midstereid band, particularly at the leaf ba{se. and used the term 'pseud'olamiga; ih“s‘tcad of

costa for the multistratose section of the leaf; "...zeigt ebenfalls das ;‘,_‘ﬂ

Blattgrunde einen auSéesmochenen Rippencharakter (s.t I fig..9)
Ripp;c [costa) auf das ganze Blatt bezogen (soweit die merhschi
ganz vermeide und dafur schon in der Flora v. Buitenzorg die Bezeiy -' g F

angezvendet’ habe.” He also questioned the application to thefLeucoph;naceae bf the theory
("Rippentheorie”) of the leaf as composed of the expanded costa: "Uberhaupt l4sst diese
Tatsa‘chc die ganze Rippentheorie der Leucobryaceen, besopders auf die Leucophanaceen
angewendet, sehr zweifelhaft erscheinen.” Ligrdne (:'1985) proposed a hypothesis of the
cvolulionamr_v development of the leaf in the Leucobryaceae (including Leucophanes and
Leucobryum) from a "Pottioid and/or Dicranoid” ancestor. The multistratose condition was
considered to have arisen,‘as proposed by Ca_rdot (1900), by progressive eﬁflargemem of the
costal area concomitant with a reduction of the laminz;. The evolution of hyalocysts and
chlorocy}ts in mosses with ;his type of leucobr.’yalcan leaf structure is considered to have been

the result"Bf an adaptation to relatively dry climatic conditions (see also Salazar-Allen, 1985).

@e leaf is thought to have evolved from a heterostrosic type (Cardot 1900) to a homostrosic

S

type (Cardot 1900), this evolution related to a "restrictive" adaptation to more moist habitats.
Perhaps, the critical point involved in determining whether the leaf of Leucophanes is - o

structurally composed of the expanded costa or Whether it is a costate organ with a , ‘d" -

F, - . fg‘n
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mulustratose lamina is based on the concept of the costa and its ontogeny. The costa of a moss
leaf has been defined as a specialized area lhal functions in support and lranslocauon of water v‘*\
and dissolved substances ( Hébant, 1977; Schofield & Hébaht. 1984). Is structure may be
rather simple or complex and at least f our types of cells besides the epidermal ongs have been
described for it: stercids or supporting elements, hvdroids or water cbnducling clements,
parenchyma, and leptoids (Hébant, 1977; Schofield and Hébant. 1984). Not all of thesc
elements occur in all moss lcaves. Variation in the structure and composition of the costa arc .
being used in recent svstematic studies as a useful cﬁaraclcr in clarifying‘rclalionshyips between
and within taxa (Hébant 1970 (197\\'} 976, Smith 1971, Saito 1975, Peterson 1979, Horlon
1982, among some). In Leucophane\* central area of the l\caT, has this specialization in cell
structure and function (Figs. 17, 26-29) and thus, in this sense, can b¢ considered homologous
10 the costal area of most moss leaves. Ligrone (1984) indicated that the chlorocvsts enclosed in,
the cém{al stereid band .( "pscudonerve” of. Ligron[-)‘, unlike those of the adja_ccnl leafl arcas,
contain small chloroplasts, numerous vacuoles, abundant lipid inclusions and occasionaﬁf
electron dense bodies of tightly packed rll;osomc like particles. Thus, these cclls appcar 1o be
homologous to the specialized parenchyma that occurs in the costal arca of most moss leaves.
These specialized parenchyma cells have been called ”deE;ers", "duces” or "guide cells”
(Lorentz, 12;67-68). "eurycystes” (Morin, 1893) and "socii” (L.orentz. 1867-68). The stereids
of the costa and marginal multistratose border in"Leucophanes have a polilamcﬂ‘alc structure
with small pores (Ligrone, 1984). They may rel\am/somc protoplasmic malcnal or be
completely devoid of it at maturity.

Three approaches were taken to determine homologies of leaf structure. The {irst one
included the study of the apiéal bud and young gametophores developing from gemmac and/or
rhizoids. The second involved the study of perigonial braci; and, the third one, the study of ‘
scale leaves that occur at the base of the stem and subterminal innovations.

In Leucophanes, the apical bud consists of the apical cell and its immediate derivatives

as well as the first differentiating leaves. The young differen ipting \gal is composed of
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Figs. 26-27. Transverse sections of the leaves. .
Fig. 26. L. rodriguedii. Midieaf . Scale.= 20 um. (Mauritius, B;Ifour. NY).
Fig. 27. L. angusti foliun. Midleal . Scale =20 um.(Bourbon, Rodriguez, PC).
Fig. 28. L. glaucum. Base. Scﬁle;ZO um. (Java, L). .

Fig. 29. L. molleri. Midleaf . Scale= 20 um. (Ghana [Ashanti}, Cummings a. 1893/6, H).

»






¢ _ ‘ .45

™

dnisu;al.osc quadrate chlorophyllc;us cells. Early in development, a central multistratose area of
elongated ceiis. the central stereid band, differentiates at the leaf apex. Proloniged cell divisions
“in the central stereid band give rise to groups of cells that differentiate into layers of stereids on
the abaxial and adaxial sides of the 2-4 central chlorophyllousq:ells (guide cells) (Morin 1893.l
Cardot 1900). This differenlialipn takes place basipelally.lThe adjacent areas develop a
multistratose structurc, with a central layer of chlorophylious cells surrounded by one or more"
léyers of hyaline cells. These 2;';a$ nar{ow towar“ds the base in a V-shaped conf.iguration; that
is, only & areas adjacent to the midstereid band are multistratose. The multistratification of '
the leafl is sometimes interrupted by the development of isolaled_‘hyaline areas on one or both
sides of the central slcrdd band (Fig. 18). These hyaline areas are structurally similar to those
that develop at the base of the leaf. In Exodictyon and Exostratum, Ellis (1985) has reported,
‘ above the leafl base, the presence of laminal hyalocysts distributed between groups of laminal‘
chlorocysts . These laminal hyalocysts closely resemble the isolated hyalocysts areas found in
some Leucoﬁhanes leaves. It appears that in Leucophanes, the development of a central stereid
band and the multistratification of the adjacent areas are independent but simultaneous events.
Perigonial leaves in Leucophanes resemble young Syrrhopodon (sehsu Leucophanella)

leaves. In the genus Leucophanella (F.leischer. 1900-1904), now included in Syrrhopodon, the
plants have leaves with a hyaline area that extends to near the apex. The distal portion is
composed‘ of a unistratose layer of chlorocysts. Périgonial leaves in Leucophanes are costatg
organs composed of a hyaline base thaF extends in a V-shape to near the apex. The i‘nnermOSl
perigonial leaf does not develop the multistratose condition charact‘eristic of other vegetative
leaves. Instead, the upper fourth consilts of a single layer of chlorocysts while the lower
bom’on of the ieaf is composed of one, at times, two, layers of hyalocysts. Subsequent
perigonial leaves develop the three layered structure at the apex. The basal area remains ~hyaline
and contains only hyalocysts..

Scale leaves at the base of the stem and subterminal innovations are structurally costate

organs, the lamina composed of only hyaline cells in one or two layers and the margins have a
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more or less distinct unistratose layer of stereids. These scale lggvcs are similar to those
observed in Syrrhopodon, Caly'mpere's and related genera (Polliéceac). Scale leaves arc
produced early in development. The I ifst leaves (oné or two) produced by the young
gametophores or the apical bud of a §ubte.rminal innqvation. develop into scale leaves.

| The central stereid band of Leucophanes leaves varies in thickness and ‘width. In some
species like L. ocloblepharioides. L. candid;dm. L. agustifoltum and L. molleri; the stereid band 4
is very narrow. It consists mostly of 2-4 guide cells and an abaxial layer(s) of stereids (Figs.
17, 27-29). In L. milleri, L. serratutum and L. glaucum on the other hand, .thc ccm“ral stereid
. band is thick, tomposed of 2-4 guide cells surrounded by layers of stereids that extend from the °
abaxial to the adaxial surfaces as in mahonthcr strongly costate hoss lcayes-(}'igs. 175, 465,
wn).

The structure of t'he leal in Leucophanes, wilh.a central stereid band and multistratose
areas of chlorocysts and hyalocysts is unique when compared to other members of ihc
Calymperaceae amlj Pottiaceae. In Exodictyon and. Exostratum, hyialocysfs are produced in both
: the lamina and the costal area (Ellis,’l985)‘ In some members of the Pouiaceéc, Saito (1975)
has reported the presence of large ,"p:'arenchymatous cells™ on the adaxial side of th‘c costa. In
transverse sections, t‘hesc.cclls re_sémble. in size, the adaxial hyalocysts observed in the costal
area of Leucophanes. |

In Exodictyon, E,;ostratum ang Arthrocormus, the cost‘? is composed of a central layer
of chlorocysts, 2-3 abaxial and c;idaxial layers of hyalocysts and an external laver of chlorocysts,
this in’t'hrocormus, surrounded by a layer of hyaline cells (Eigs. 33-34). The lamina may
consist of only hyaline cells or, in the uppermost regions, of chlorocysts and hyalocysts in
alternate arrangements. In some species of Leucophanes, the central stereid band is'surrpundcd
by an irregular layer.of chlorocysts in much the same way as in the costae of Exodlclyon and

Exostratum In Leucophanes extemal chlorocysts of this type have not been observed outside

the central stereid band.
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" Fig. 30. Leaf -tip gemmae. Scalc=100'um. Figs. 31-32. Chlorocysts (Ch) and lééunae (La) as
observed in surface vi~ew. Scale =100 um. .Ch=chlorocysts, Gc=_guide cells, H=hyalocysts,
S=stereids, P = pores. )

Fig. 31. L. glaucum (Bismarck Arch., Fleischer 406, L).

Fig. 32. L. ocloblepharlbides (Vanuatu. Salazar 3704, ALTA, PMA). Figs. 33-35.
Transverse sections of the leaves. Scale= 100 um.

Fi"gd. 33. Arthrocormus schimperi (Borneo, Meijer B12108, L).

Fig. 34. Exostratum sp. (New Guinea, Streimann 11264, CBG).

Fig. 35. Leucophanes oc!ob/epharioides (New Guinea, Streimann 11699, CBG).
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Duplk;alion of adaxial and abaxial hyalocysts along the sides of the central stereid band
occurs in some species of Leucophanes. This process appears 1o be independent of the
dcvelop;ncnlal sequences that lead to the differentiation of the midstereid band.

. In the Dicranaceae (¢.g.. Cdpylopus a'r':d Paraleucobryum), the multistratose
condition of the leaf is considered to be the result of an expansion of the costal area (Morin,
1893; Cardot 1900; Frahm, 1982). This process includes proliferation of the median chlorocysts

'(c.g., in Paraleucobryum long: foltum (Hedw.) l.oesk. and P. brasiliense Broth.), duplication of
dorsal hyalocysts (e.g., in the subgenus Paraleucobryum) and duplication of hyalocyst initials
and their further development into stereids (e.g., in the subgenus Campylopus) (~Frahm. 1982).
Moreover, the expanded cosia in theﬂ Dicranaceae is variable in structural details, even within a
single genus (Frahm, 1982). It has been suggested that the multistratose structure of the leaf in
some members of the Dicranaceae (e.g., Campylopus) arose independently many times |
(Frahm, 1982). |

Expansion of the costa similar to that reported in some members of the Dicranaceae
{ Paraleucobryum and Ct;mpylopus). has not been observed in Leucophanes. In this genus,
when the costa increases in thickness, it does so mostly by proliferation of stereids. Structurally
and functionally, the central stereid band appears to be homologous to the costa of most moss
leaves.

The multistratification of the leaf lamina is known to occur in various groups of
mosses. These plants are frequently epiphytic or terrestrial in seasonally dry habitats..The
multistratose lamina consists of 2-3 layers of chlorophylious cells (except in some members of
the Dicranaceae discussed above); in addition, a unistratose hyaline area may develop at the
base of the leaf, ¢.g., in Calymperes lonchophyllum Schwaegr., Calymperes venezuelanum
(Mitt.) Pittier ex Brogh., Timmiella aﬁomala (B.S.G.) Limpr. Tortella fragilis (Hook . et
Wils.) Limpr. and &orgula chisosa Magill, Delgadilio et Stark.

. In transverse section of the leaf in Leucophanes (and also in Leucobryum), every

chlorocyst in the multistratose areas is surrounded by four hyaline cells; two of these cells are



PO 50

"y 2

shared with the adjacent chlorocystsﬁ(’;?”'igs. 16, 17, 29). There appears to be a defined pattern
of cell division and differentiation that results in the multistratification of the lamina. Thig
pattern is either lost with further development of stereids or does not develop in the central
siereid area. It appears that, in Leucopha(nes. the development of the central stereid band and
the adjacent multistratose areas are independent events. Thus, in Leucophanes, the structure of
the leaf is hypothesized to be mostly the result of a multistratification of the lamina, with the
developmer' of a central to subcentral laver of chlorocysts surrounded by one or more lavers of
porosc “valocysts. The leaf is considereq to have retained the structural morphology and
functionality of the costal area (a ic condition) from its Syrrhopodon-type ancestor .
Based on the distinct differentia of the central leaf area observed in some species of
Leucophanes, whiAch pa'rallels structurally the costa of a moss leaf, and the potentiality of the
lamina to become multistratose, | propose the following terminology for the Leucophanes leal
The term costa (sensu stricto) is here proposed for the central area with stereids, guide cclls,
hyalocysts and, sometimes, an external layer of chlorocysts; multistratose lamina or
pseudocosta for the adjacent regions of chlorophyllous and hyaline cells; and hy:linc lamina l‘or‘ ‘
the all hyaline unistratose basal portion (Figs. 1, 2, 16). The leaf is thus considered a
structurally complex organ composed of a costa. a multistratose and a hyaline lamina and two.
marginal stereid bands. The scale leaves and perigomal bracts are considered to have retained
most of the plesiotypic characters of a Syrrhopodon-type ancestor; the outermost perigonial
bracts developing the multistratose lamina (apotypy) characteristic of vegetative leaves. The

Leucobr yum leaf is considered an analogous structure and the result of convergent cvolution.

2‘. LEAF STRUCTURE
Structurally, the leaf of Leucophanes can be divided into three sections: apex. midieaf .
and base (Fig. 1). The apex includes the uppermost 200 um; the midleaf is that portion between
the apex and the shoulders, and the basal area is considered to include the area bclowfﬁb

shoulders to the insertion of the leaf to the stem. This lowermost section can be subdivided into

W
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two distinct laminar areas: the multistratose lamina (in transverse section, composed of a
central layer of chiorophyllous celis surrounded by 2-4 layers of porose hyaline cells) and.the -
hyaline lamina (composed of one, occasionally. two layers of hyalocysts). The hyaline lamina

may extend beyond the shoulders of the leaf, one side longer than the other. The midleafl .

poruion is composed of a multistratose lamina of chlorocysts ind hyalocysts. All species of
Lé‘ucophanes show some degree of agymmetry in their leaf structure (see below and also
discussion on "Transverse Section” of the leaf). A distinct costa runs the length of the leaf.

The costal arca may be smooth (L. candidum) or it may be ornamented with spine -like

°
procgsses (Figs. 148, 211, 414).

4
The leaves gc spirally arranged around ?c stem; some plants have a densely foliose

habit whcreas othc‘p hav&m arranggsent of lca%@gs 232, 273,278, 321, 380, 443). \

»?

#
The let’ns are cnhot ntrmmlﬂg m;udn-ﬁd Joesclx.@hachc@ t?the slem or vaginant with
the broad b&al aica nv}r!appm;?ﬁ gum»}thn o

i . ’ Wcs ire cmr‘ nto slightly
?rﬂdmg and suor:gly io shghu.g twisted &J: t? hyalmed;;a {Figs. £73, 443); marked

5 Ny .
in dekme br cqmoruan of e lﬁ\'ﬁ are o&erved among species. The margins are

) iosta forms a prommont keel'on lhc abaxial surface of some leaves. Moist leaves

are cr#t*ﬁ;g t 1o cyrved spmdmg and’ lcss twisted. The lamina is mcurved to somewhat
L4 {‘ 4
_ §U1¥ margms»stranght 1o undulate while in some species they are slightly recurved

' leaves are obscrved at the base of innovations produced below lg perichaetia and
pe&nk’aﬁ also at the base of the stem The first leaf or the first two leav

of the
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basipetal development of the myltihyercd condition. ’

Length and width of the leaves vary within individual species. This is partislarly
notable among those specics. with long leaves. Leucophanes glaucum. fos example, has leaves
that vary from 2.5 10 4(5) mm in lcvngth. varying in shape from more or |e§s broadly lanceolate
lo very n’rrowly lanceolate. The apex is also variable within the same species. Scale leaves and
young leaves in most species are acuminate while mature leaves may be broadly acute to
apiculate(Figs. 91, 148), or long to short acuminate l(é‘qlc (F‘igs. 256, 257). In some
populations of L. molleri the apex of mature lcavcs‘is bé;ﬁ;j“{anrds (Fig. 274).

Jo
Color of leaves is variable and it appears t #étaled with moisture and light

14

condi:io‘ns. Plants uhdcr sha‘de. in concavities of ’palm‘&ﬂcts for example, are darkcr'
blué-‘grecn than those in mor?: exposed areas on the same trunk, that sometimes have a
yellowish color. In some pbpulau'ons, the apex of the léaf‘develobqark -red pigmentation.
Even though coloration may vary in plants growing ovn the same trunk~shere is an overall color
and habit impression of the vegetative plani that prevails. For example. L. glauc;um has a
blu'e\-green 1o ycllow~gr§en shade and a tight turf forming habit, with erect to strongly twisted
leaves, Leucophanes bcloblepharioides has a light blue-gréen hue, but forms loose turfs with

erect leaves that are more translucent than those of L. glaucum and less twisted.

1]

. [}
CELL TYPES. Leaves of Leucophanes are composed of four basic cell types. These arc: (1)

Porose hyaline cells (h_valogysts or leucocysts); (2) chlorophylious cells (chlorocysts); (3)
guide cells, and (4) stereids. The terms chlorocysts and hyal'ocysts.larc here used to designate
the chlorophyllous and hyaline cells respectively. The terms were ¥irst introduced by Morin
(1893) in his coniprehcnsive study of moss leaves.

Each cell type recognized is described separately. Their association in the leaf is

discussed under "Transverse Section".

l. HYALOCYSTS. The hyalocysts‘are at maturity non-living elements with resorption pores in
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their v?als.‘They may have cyanobacteria and other microorganisms in their lumena. They vary
in shap;e‘ from irregularly triangular to quadrate (Figs. 22, 358), to rectangular (Figs. 18, 23,
24, 299) or oblong to irregularly hexagonal (Figs. 304, 329, ‘330, 359, 360).. Their size ranges
from (12.5?55-60 um long X 7.5-30 um wide. Hyalocysts are wider at the leaf base,
panicularly ;ldng tlzc costél area, than at midleaf (Figs. 258-260, 389, 391 -395). and their
walls vary fromerectilinear to}rregularly §inuose (Fig. 389-399). Hyalocysts of the hyaline

Lt
i

lamina may d;velop collenchymatous thickenings.
- In transverse section, the hyalocysts form one or more layers on each surface of the
central chiorophyllous cells (Figs. 17, 21, 26-29, 297). Surfacg\ walls of hyalocysts as observed
N
"in transverse section, are concave to irregularly rectilinear to sinuous vermiform. Sinuous walls
may serve to increase the surface area for water retention. ™
Pores on the surface walls are frequent and larger at the leaf base than at the a&ex or

nﬁleaf (Figs. 22-25). In L. candidum, L. hildebrandtii, and L. molleri, this condition is not

S5s

observed. In these species, large pores are present both at the b{se and at the apex of the leaf.
Size of the pores varies interspecifically and is not related to the length of the L;gf . Itis possible
that resorption pores are the result of enzymatic digestion of the cell walls during

~

differentiation. In Syrrhopodon, AMEN e al., (1984), have reported the presence of cellulase

. .
2

associated with the production of esorption pores.

2.7CHLOROCYSTS. These cells are the photosynthetic elements of the leaf. {n surface view,
they are irregularly hexagonal to pentagonal, more elongated at the leaf base than at the apex.
They are arranged in longitudinal rows below the lateral walls of the hyalocysts with 1-2
chlorocysts uniting th‘ese rows at the. transverse walls thus, forming a reticulate pattern.
Consecutive rows of chlorocysts are separated by broad or elongated areas here called lacunae
(Figs. 31, 32, 298). The size and shape;’of these lacunae and of adjacent chlorocysts is
characteris#c for some species (e.g., L. glaucum). In transverse section, the chlorocysts are

" thomboidal in shape, with walls varying in thickness. Chlorocysts have abundant discoid -
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lﬁloroplasts. In young developing lea_ves. the chiorocysts are arranged in a rosette pattern. This
arrangement is analogous to the circular patterns formed by the papillae of_some peristomes.
In transverse section, each chlorocyst is surrounded by f our‘ hyalocysts. Two of these
are shared with adjaccm chlorocysts.(Figs. 16, 17, 27-29). In some leaves, the continuity of
the central chlorophyllous layer is interrupted by isolated areas of hyvalocysts that are found

’

near the apex of the leaf (Fig. 18).

3. GUIDE CEL'I?S‘. These cells are structurally part of the costa. They vary in number from
2-4 and are continuous with the chlorophvllouc layer (Figs. 26-29). In some specics, e.g. L.
candla'um they are constant in number from leaf base to apcx In other speuee c.g. L.
glaucum they vary from three to four at base 10 two at apex. _ -,
Guide cells are living elements structurally similzi,r to chlorocysts. They vary in width,

being either wider (Figs. 17, 27-29, 297, 385) or narrower (Figs. 99-411) than adajacent

¢ N

chlorocysts. This variation is related to the thickness of the costa. Ligrone {1984, 1985), has ‘
reported structural differences between the guide cells and adjacent chlorocysts (sce discussion
on the "Leaf Structure™). ‘/

»
4. STEREIDS. These are elongated cells with thick, porate wall; (Ligrone,"l 9%4). Stereids are
usually no'n-living elements at maturity (Hébant, 1971; Ligrone, 1985; personal observations).
They form the leaf margins and majorityg@f the costa (Figs. 16, 26, 28, 29). Stereids function
as supporting elements for the leaf and perhaps, in maintaining a hydrated surface around the

photosynthetic guide cells. The walls of the stereids may be orange-red 1o dark-red in some

: _species most probably, the result of pigment dcposflion:'

TRANSVERSE SECTION OF THE LEAF * .
1. LAMINA. Excépt f or the hyaline lamina near the leaf base, #d occasional hyalme portions

near the apcx the lamina is multistratose. 1tis composed ot' a central to subcentral layer of
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chlotocysts surrounded on ¢ach side by one or ‘more léyers of hyalocysts. In most specieé, the
hyalocysts are talier on the abaxial surface at the leaf base, ihus, the chlorocyst layer appears
closer to the adaxial (ventral) surface (Fig. 5). This condition was called "hypercentrique” by
‘éardot (1900). At midleaf; the hyalocysts are eqquy tall onweach surface and the:
chlorophyllous layer appears centrally located. At the apex, the aanial layer of hyalocysts is
| taller and the chlorocysts appcar closer to the abaxial (dorsal')‘ surface. Cardot (1900) named
this condition "hypocentrique” (Fig. 6). o
Several charéclcrs observed in median transverse section of the leaf are important in
distinguishir;g cxternall;' s}m,ilar species. The lavers of .hyalqcysts on each surface of the
chlorophyllous cells vary characteristically between some species. In L.v candidiun the structure
of the leaf is homogeneous from base to apex (Figs. 369, 371). It is composed of one layer of

hyalocysts on each side of the chlorophyllous layer. Unlike L. candidum, the layering of .

-
hyalocysts is not‘a consta‘nlqeature in L, octoblepharioides. In this species,' some populations
"develop more than one layer of hyalocysts on the ‘1baxiél side of the .leaf ,at the base. In L.

- angusti folium, a proliferation of hyalocysts on the adaxial and abaxial sides of the costa is
chgraétériSlic with 2-3 layers developing oﬁ each side of the chlorophyllous layer (Fig. 159).
No other species develops this marlled prolif eration of hyalocysts.

'Ifse transverse .section of the leaf'in L. glaucum is characterized by 2-3 layers of
hyalocysts on the abaxial ‘side at the base, above which they form a single layer on each surface

A

of the chlorocysts.

2. COSTA. Thé cdsta, in transverse section, is composed of 2-4 centrally localgd guide cells
that are con;inuous with the chlorophiyllous layer. These guide cells are surrounded on the
adaiial and abaxial sﬁdeé by stereids (Figs. 2‘6-29. 35) and/or hyalocysts. The layers of" stereids
Var‘y characteristially f or some species. In L. candidum, for example, thgre are no adaxial
stereid bands, whereas in L. serrafulum, L. glaucum and L. 'a)?éustifolium adaxial and abaxial

layers of stereids develop. Thickness of the costa is related to an increase in the number of



stereids. : e
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The costa may be located in a groove formed by the adjacent bulging hvaline cclis tFig.
. . )
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28), particularly at the base; it may be completely superficial (Figs. 27, 29), or enclosed by
hyaline cells ( Figs. 26, li7-120_ 297). These variations may. be observed at different leveis or{'
the same Jeaf.

Stereids in the costal area may extend“ to both surfaces or they may be covered by
hyaliné cells. Particularly above the leaf base, the costa is usually covered by one or more (L.
ang'ustifolium) layers of hyaline cells on the abaxial and ladaxial surfaces. These abaxial
hyalocysts may have thin or thick walls or they may be bulging and with thin walls. In some
taxa, e.g., L. octo’blepharioidés subsp. meijeri the hyaiinc célls are so inflated that the costa
appears to be adaxially located (Figs. 116-120). At the apex of the leal, some species have the
costa ‘prominent and occupying most of the leal width. In other species, ¢c.g., L candidum, the

costa is consistently narrow from leaf base to apex (Figs. 369-371).

4

3. MARGINS. The margi‘ns are co‘hp;)scd 6!’ stereid cells in thrce or more roWs a.nd onc to
many layers. At the base, the sxcr;ei;!s are uriistralose; above the ba;e. the margins increasc in
thickness and are compose:c{ of 35 layers of stereids in various TOWS. Serrations of the leaf arc
.formed by projections af the margjnal sl'éreids and are cither single or paired (Figs. 231, 277).

W  RHIZOIDS. Rhizoids are produced from superficial cells of the stem, particularly at the base. -

. ‘ . ; C .

They also develop at the apices of the leaves and less frequently at their bases. They have becn

observed developing into protonema and leafy gametophytes, thus serving as another mean of
ésexual propagation. Gametophores developing in situ from rhizoids al<o serve to increase the

"3”;” * . . r .
dens.ty of the turfs and thus, enhance their water holding capacity.

-~ -

SLXUAL CONDITION AND CYTOLOGY. All species of Leucophanes except L. serratulum

are dioicous. Male and female plants are morphologically similar. Sexual dimorphism is here

Ve
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confirmed for the first time in L. candidum. Dwarf males as well as norma! males have been
observed in lhlS species, thus n can be consxdered pseudonanandrous (Une, 1985). Fleischer
( 1900-199,4), in his description of L. candidum, suggested the occurrence of dwarf ‘ males:
"Pseudautocisch? ", "d\ .. Bluten Zwergmﬁnnchgn?". Some species of Leucophanes are only
known by their fgmélc gametophoréé. induding L. rodriguezii, L. unguiculatum and lhel
ncotropical populations of L. molleri. | |

Perichaetia are terminal. For most species, pericﬁaetia.l leaves are struddrally similar to
the vegetative ones. In L. octoblepharioides, L. candidum, L. angustifolilln.x:.’l,. seychellarum
and L. milleri the innermost veg'elau‘ve leaves, differentiate into perichaetial leaves covering the
vaginula and proximal part of the seta. These leaves are smaller in size, lanceolate from a .l‘aroad
sheathing base and are hyaline for 2/3 of their length. The hyalocysts of the perichaetial leaves
are usually broader and/or longer 'than those qf veg'elélive leaves. In L. candidum, they havé
narrow, slit-like pores arrangéd in vertical rows (Fig. 3545. Archegonia are found in groups of

¥ . S v )
5 10 more than five. Perigotfia are either terminal or lateral. Perigonial branches are bud-like in

-appearance with two to three diff érenlialed perigonigileaves. Their size ranges from 0.9 to 2

mm long. The innermost perigonial leaf is oval, with a broad hyaline base that folds into a
tubular enclosure around the antheridia. A chlorophylious unistratoseiam'fna occ;upies the
upper one-fourth 1o one-fifth of the leaf. The next outer perigonial leaf has a much narrower
base and the upper portion develops the multistratose condition typical of vegetative leaves.
The third leaf, in a centrifugal sequen;if is smaller than adjacent vegetative leaves and has a
long hyaline base. Malur;tion of sex organs is not synchronous.

No chrbmpsomal counts are k‘nown for the genus. Living mal‘erials collected in Fiji and
the Vanuatu were at the létr;d or spore state and pot useful in determining chromosomal

nymbers.

CALYPTRA. The calyplra is uaform throughout the genus. hrns cucullate and non-plicate. Its

size ranges from 1. 2 to 4 .0 mm lofl}. lts color changcs gradually from a.dark red apex toa

7
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yellow lower portion. The calyptra can be divided into two areas the ‘rostrux.n.qi the cylinder.

The rostrum is papillose at its apex, while the cylinder is smooth. The base of the cylinder

varies within populations from entire to irregularly lacerate (Figs. 361-363). In populations of
some species, e.g., L. octoblepharioides, and L. serratulum, the calyptra remains attached to the
operculum at dehiscence.

SPOROPHYTE. The sporophytes in Leucophanes are terminal but they appear Ia'ler‘al by the

production of subterminal innovations. In most species, they are exserted on a short to long

seta produced singly from the perichaetia. Leucophanes serratulum is the only species in which

it
a

more than one sporophyte per perichactium has been observed.

SETA. The seta in all species of Leucophanes is exserted. Its size varies from 6-19 mm long,'
with the longest‘ found in L. candidum. The color‘ of . the seta varies from a light oranée in
immature sporophytes to dark 6range-red or dark-brown whent mature. In some populations of
L. candidum, a difference in color is observed in the mature seta with the distal portion lighter |
than the proximal. This variation appears to be random.

T}xé seta is twisted sinistrorsely particularly above the middle bdrtion. Fleischer .
(1900-1904) reported dextrorse twisting of the seta in L. serratulim, but | have ‘been una;le 10
confirm thns condition. There i$ little interspecific variation in the diameter of th: scla In the
specimens exammed the dxam remains constant throughout the length, increasing slightly at
the junction with the capsule neck. In transverse section, the seta consists of a central area of

parenchymatous cells surrounded by 1-2 layers of small thick - walled cells. The cells are

‘ sngal_ler and with thicker walls towards the periphery.

SULE. In all species of Leucpphanes the capsule is cylindrical, erect to subinclincd o

nearly ‘horizontal. Its size and genetal shape varies within populations and its lcngth ranges

1

from 1.2 mm to 3.5 mm long. Thccolor is orange red, becoming darker at the rim and ncck In
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some,_populations of L, glaucum the capsules have shiny indentations, perhaps resulung f rgm
the collapse of the exothecial cells. The capsules are irregularly plicate to nearly smooth (Fi !‘gs. &
103-104, 122, 185, 362, 363, 428, 455, 458), with the })Ticae coenesponding to lqngitudina]
thickenings of the walls. In most species, there is a distinct constriction below ihc mouth (Figs.
103-104, 122, 141). A papiliose short neck is differentiated in all capsules, the papillae
extending to the distal portion of the seta. In one instance an anomalous production of two
sporophytes fused to a sir;gle vag;nula was observed in L. hildebrandtii. One of the fapsules
developed normally into a cylindrical structuré whereas the other was shon-sphé’riéél. uﬁlike
the species. The seta of the cylind‘rical capsule was flattened on the side facing the sh6rt

v

sporophyte, while the seta of the spherical capsule was short and cygneous.

EXOTHECIAL CELLS. The exothecial cells are oblong to irregularly hexagonal. Their walls are
rectilinear and thin to thickened longitudinally. Thcir size varies from (25)35.5 10 62.5(100.0)

3 um long..Wall thickenings are related to longilu;iinal plications observed in the capsules. At the
ameck, the cells are smaller aﬁd the walls are thicker and papillose. The largest exothecial cells ’
were observed in L. milleri, L. serratulum and L. hildebrandiii.
RIM CELLS. In all species of Leucophanes the rim cells are longitﬂ{nally oriented in 4-6
rows. They are 7.5-22.5 um in lengtli, quadrate (1:1) to subquadrate (0.5:1), to short oblong
(2:1). Their wallg vary from very thin 1o slightly thxcker Their color is brown red and darker

than the exothecial cells. In sorg «;g- ‘ 1cs e L glaucum they form uniform rows that are

fth% of lhe capsule They are composed,pf two tg &hree guard cells with subsidiary cells
“a undifferentiated (Figs. 108, 123, 316, 339). The shape of the guard cells varies, from arcuate
B A

.-oblong to megularly pcmagonal o:hexagonal The pore (osuole) in most stonma is reduced i

' o W
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size by the inner wall thickenings of the subsidi'éry cells. The size of the guard cells varies from
1210 20 um in length and the stomatal apparatus lS generally 20-25 um in width. The number
of stomata per capsule varies from 12-14 in all species except L. serratulum that has 22-24. The
type and shape of the stomata in Leucophanes is sirﬁilar 1o those }ound in ;he Calymperaccae
(Egunyomi, 1982; Ellis, 1985). |

.
OP}'IRCULUM. The operculum is structurally similar in all species ovaeucoph.anes. I1s length
varies from 0.9-1.2 mm. It is long rostrate, and more or less planc-convex and Can remain

attached to the calyptra at the time of dehiscence or fall independently .

?ERISTOME. The arthrodontous, haplolepideous pcristome‘o[ Ledgophanes 1s composed qf 16
teeth with more or less equally thickened dorsal and ventral plates (Figs. 44, 51, 54, 172). In
some peristomes, the ventral plate is slightly thicker. These plates vary from strongly p'épihdsc
to nearly smooth (Figs. 36-59). The pap‘illae are capitate to globular, to short an;i 'club:s‘:‘h]apcd.
They can be irregularly distributed throughout the plate (Figs. 37, 38, 39, 50) or arran'gé(;' |
around central circular depressions (foveolae) (Figs. 4], 42, 43, 46). This pattern of circular
dep;e;sions has also been observed in Exodictyon, Pxostratum, and on the inner and outer
plates of Arthrocormus (Ellis 1985; personal observations). Fleischer (1900-1904) in his
illustra{idns of the peristome of Syrrhopodon tristichus Nees ex Schwaegr., indicated the
presence of "Perforationem ™ on the dorsal and ventral plates. These "Perforationem" are .
similar altl?bugh more irregular in outline than the circular depressions observed in the
peristomeé of {.eucophanes.

Longitudinal to semicircular, to oval thickenings also occur in the>peristomes of same’ J
Leucophane;s species (Figs. 48-49); in others the dorsal plates have vertical striations (Figs: |
53-55). Thee striations may develop scattered elongated to short papillae'. I have observed

2

similar striations on the dorsal peristomial plates of Arthrocormus. The degree of

ornamentation is variable between teeth in the same peristome (Figs. 432434) Pefistomes

e



‘Figs. 36-41. PERISTOME TYPES.
Figs. 36-40. L. candidum
Fig. 36. Outer surface of teeth gt base with prostome. Scale=50 um. (New Guinea, .
va%’) Zanten 277, L). - | ‘

Fig. 37. Scale=10 um. (N. Borneo, Meijer B124§, ).
Fig. 38. Scale=50 um. (W. Borneo, Winkler 3097, L).
Fig. 39. Scale=10 um. (Jbid. 38)
Fig. 40. Inner surface of. teeth. Scale=10 um. (Ibid. 37).

Fig. 41. L. angustifolium. Outer surface of tecth, papi]lose-foveolalé. Scale=10 um.

(Ternate, Beccari 110, L).






Figs. 42-47. PERISTOME TYPES,

Figs‘. 42-44. L. octoblepharioides subsp. octoblepharioides. Papillose-foveolate. (Vanuatu,
Salazar 3498, ALTA, PMA). |
Fig. 42. Scale=20 um.
Fig. 43. Scale=10 um.
Fig. 44. Lateral view of teeth. Outer peristomial plate to.the right. Scale =10 um.

Fig. 45-46. L. milleri. Papillose -foveolate. (Micror_nesia. Dutton 63, MU).
Fig. 45. Scale =50 um.
Fig. 46. Scale =10 um.

Fig. 47. L. hildebrandtii. Papillose with longitudinal to semi-circular thickenings and

foveolate areas. Scale=20 um. (Comoro Islands, Hildebrandt a. 1875, G).

/\






Figs. 48-53. PERISTOME TYPES. )
a
Fig. 48. L. molleri. Oval thickenings on the outer petistorhial plate. Scale=10 um.,

“

(Yaptown, Miller & Whittier 8106, TypewU)
Fig. 49. L. renauldii. Papillose with longitudinal thickenings. Scale=20 um. (Mauritius,

s>

Balfour, NY) N
Fig. 50-51. L. giaucum subsp. glaucum. Papillose with more or less defined Iongithdinal. 'y ‘ )
striations. (New Guinea, Beccari 138, L). . : ’ .

Fig. 50. Scale =20 am. _ e . "
Fig. 51. Lateral view of peristomial plates. Scale =10 um. A A ‘ ‘ ;l‘ v
Figs. 52-53. L. octoblepharioides subsp. whittieri. Papillose -striated. Prdstbmc at basc‘ ,
(Yaptown, Miller & Whittier 1252, Type. MU). e
Fig. 52. Scale =20 um. L " i ey
R »

Fig. 53. Scale=10 um.






Figs. 54-59. PERISTOME TYPES. / .

Figs. 54-55. L ocloblephano:des subsp whittiert, ( Yaptown, Miller & thmer 1252 Type,

1

MU). -
\ -

Fig. 54. Lateral vncw of perr?lome Scale =10 um.
hig. 55 Onfter su sutface of teeth. Scale=20 um.
Figs. 3657 . L. seychellarum. (Seychelles, Home 696, BM). .

Fig. 56."Outer surface of teeth. Scale=20 um. \m\\\

Fig. 57. Inner surface of ‘te'eth. 2:3 pattern abo‘e\base.ﬁcalezZO um. ‘, .
Figs. 58-59. b g:vlaucum subsp. v'im'(. (New Guinea, Brass'21774, T)%e, FH). '

Fig. 58; (’hler surface of teeth. éca}le: 20 um

Fig. 59. Inner surface of teeth. Scale=10 Jm\

~
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with smooth to nearly smooth, dorsal and/or ventral plalés also occur in Leuzophanes (Figs.
56, 58-59). A hyaline prostome, 2-3 cells higlr is present in most species (Figs. 36, 56)..Due to
the lack of good peristome matoria] it is difficult to observe the presence of a prostome in some
species, Prostomes have, also been reported f or the peristomes of Exodictyon Arthrocormus
(Fleischer, 1900 1904; Ellis, 1983) and Syrrhopodon lnsuchus ( Fleischer, 1900 1904)

According to the presence or absence and type of ornamemauon as well as u/s ,

",r,

dlSll‘lbUllOﬂ on the dorsal and ventral plates, six peristome types can be dnsungmshed in

Leucophanes. The fi irst type is represented by L. candidum. Hcre. both the dorsal and the

ventral plates are strongly papillose except at the apex whete they -are smooth. The pap:“?\

" project strongly from the sides of the téeth and they are arranged in irregularly circula

-

patlerns Trabecul®are prommem on bath plates. A hyaline prostome 2-3 cglﬁngh is

obse’i’ved on the dorsal side of the leeth (Figs. 37, 39). « *

The second peristome type is represented by L. octoblepharioides and L. milleri*In

>

these species, the*peristome is dgnsely: papillose - f oveolate (with central circular depressions) on
both surfaces (Figs. 42-43, 45-46). Trabeculae are obscured by the strong papillosity %both

plates. A prostome is aiso Rresent on the dorsal side of the-teeth. The third type is represented

~

by L. molleriand L. re_nauldii. In this type, the dorsal plate is less papillose than the ventral

»
n

plate a‘nd is composed of papnllae and thick, bar@e ornamentations, oval to semi-circular or
ongitudinal in ghape (F;gs 47- 49) The fourth type is represented by L. glaucum (in part) and
L. ectoblephatioides subsp. whittieri. In this peristome type, Jhe sal plates and sometimies the
ventral plates, particularly at apex, “havé more or less defined longitudinal striations 4 .

' omarﬁente@ywith papillae (Figs 53, 55 432). The vemral plates of these species are . A .
foveolate, wnh the de’srops more ol!less defined. Tne fif th peristome type is represemed by
L. seychellarum. In this Wé the outer pcnstomal plates are slightly sm:o:h to papnllose while
the inner plages are stron&ily ose. The teeth have a broad basal area covered by the

' prostome (Fig. 56). The srxtl'fapgnstome type is represented by L. glaucum subsp. vittii. It is

charact'nzed by rather short, stub%eelh that are smooth on the dorsal and ventral plates

] )
VN N
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(Figs. 58-59).

SPORES_'. Descriptions of spore size and ornamentation in Leucophanes are known from as
early as 1898 when Brotherus and Geheeb described and il.!,ylrat"ed the spores of L. beccarii.

¢ ‘ ’
The spores were described as "subangulatac, laeves, 0.015-0.020 mm". Fleischer (19Q0-1904),

e ,
: r ‘

in his treatment of the various species of Leucophanes gave a description of size, color and ‘
mt

). Nevertheless, spores have been of little usc in the

ornamentation of spases for th pecies that bore sporophytes. The spores of L. serratulu
‘were also described by Fleische:)‘%

taxanomy of Leucophanes. Most species do not produce sporophytes readily, thus, the
. characters used. to ~dislinguish specics are based on the structural morphology of the leafy
gametophytes; also sﬁores are very small and patterns of ornahenlation are difficult to asse.Ss
with light microscopy. In owcr moss taxa, spore morphology has bcen of limited use before the
development of the electron ;xcroscope Early light microscope work of McClymont (1954)

and Erdtman (1957, 1965) suggested that the study of spore ornamemy_non might be a useful
character in the taxonomy of mosses. Sorsa and Koponen (1973 )}vusing light microsc;-py and ¢
- SEM, stulied (z"number of species in the Mniaceae. They found 'consider'able imra_spccif ic S
variaiion in sporé ornamentation and ;:oncrluded that the most uscf ul characters to diSlinguis’h
spores'in the family were size and thickness of the exine. These differences correspondedawell to
thé subdivision of the family into T;ibes proposed earlier by Koponen (1968). Vitt and
Hamilton (1974), in an SEM studvy ;f thesspores of eight spécies of Encalypta found that these
species could be differentiated on the basis of spore morphology. The) also used” lhns characler
1o segregate three major groups of species whnch cd‘responded to those proposed by Philibert
(1889) based on penstome morphology. Horton (1981}, in her rasmn of the Encalyptaceae
indicated that a]though the correlations between spore- type and Btome - type are not ¢
absolute, the general groupmgs are quite close to those based on periStome. Sajto and Hi{ohama

(1974), in a comparative study of 19 species of 14 genera in the Pottiaceae found that spore

Q .
ornamentation could not be correlated with other characters and, as guch was of limited

/ | .
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taxonomic value. Among the most comprehensive studies of ‘moss spores was that of Boros and
Jarai-Komlédi (1975) on European mosses. Although based on light microscopy, the

LO-analysis (L. from lux, light; O from obscuritas, darkness) of sporec ornamentation is very

detailed. % . )
-

.'- ' Most of the work carried out up to date is centered on specnes from the temperate zone.’

very little is known for tropical taxa. Studnes of spore ornamentation are unknown for - ‘

Leucophanes or any member of the Calymperaceae. Spores of ten species are here examined

with light microscopy gt SEM?® ¥arious samples were taken from open capsules thus, swelling

¢ ' . .
and germination were observed (Figs. 81-87). I has been previously suggested for other moss

‘3 taxa (Mogensen; 1978) that thcse procesgs altér the pauerns of ornamentation 4 ‘rhe)‘ss, ¥
h - l kel '
> havc conﬁqed it important to gl;lc a brief descnpﬁon of the type of ornamentation observed
’ ‘ ’ Ry . ,
until farther*material is available for criti&l examinatibn The terms are those of Erdiman
) :

(1952 1969), Boros and J4rai- ,Koml()dl (1975) and Kremp (1965)

- The spores of Leucophanes are pa}msopolar with a more & less distinct differentiation
in strucuggnand/or sculpturmg of the two acesi Figs. 60-89). The shape varies from
spheroidal to0 subtriansular (Figs. 84, 86, 88) and the size ramges from 10-20 um in dia‘meterH .

’ The largest spores are found in L. candzdum and L. milleri. Abortive spores have peen obsgted |
in some species, e.g. L. milleri and L octeblepharioides. These appear to be cases of $pore
morlahty. perhaps related to the meiotic process as reported-in other rhosses (Mogensen, 1978;
Horton, 1982). ' . o

“ ]

(/r’ Leucophanes two general types of sporr.s can be distinguished under the SBM These
are, the verrucate to short baculale type, thh the verrucae or short baculae more of less
omamentd with granular deposmons 0. 1 0 2um in dlameter (Frgs 60- 86)\and tlp
gemmate verrucate type (Figs. 88-89). Van;uons are observed in the density and uniformity
of the granular depositions. These have a drsuncr pattern in L. octoblepharioides (Flgs. 66-69), ;
and are coarser in L. candidum and L.‘ millehg (glgs 72-75). Deposition of additional granular

to amorphous sculpturing material oécyrs on the surface of spores and the sporangium (Fig.
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Figs. 60-65. SPORE TYPES. |, o

Figs. 60-61. L. glaucum subsp. glaucum. (Rauwack. Gaudichaud 10, Type, G).

foximal face. Scale =10 um,

ail of ornamenfation. Scale=2 um. o
XY

;’glaucum subs.p. vittii. (New Gixinca. Brass 21774, Type, FH).

|}

Fig %3. Detail of ornamentation. Scale=lum.

Figs. 64-65. L. glaucum subsp. nukahivense. (Marquesas‘. Jones 1107, L.).

Fig. 64. Equatorial face. Pataisopolar. Scale=4 um. -

Fig. 65. Detail of ornamentation. Scale=4 um. !
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Figﬁ.‘.ﬁg'7l. SPORE TYPES.

J

’~
2

'Figs. 66-69. L. octoblepharioides subsp. octoblepharioides. Paraisopolar. (Vanuatu, Salazar
'3493, ALTA, PMA).

¥

Figs. 66-67. Distal face. Details of ornamentation. Scale =1um.

.
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Figs. 68-69. Proximal face. Scale=1 um. 4 - d;,f-l ol R

e

~ Figs#70-71. Ayaggusllﬁl‘dmy;l*a:aisgpblar. (Terrttte,; Begeari 110, f"?"
. v ; D B X a

e

v\’

v

Jig. 70. Prokimal face.Scale= ¢ um.

Fig. 71. Equatorial face. Scale=1 um.

i
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®' Figs. 72-77. SPORE TYPES.
T
Figs. 72-75. L. milleri. Paraisopolgr. (Micronesia, Dutton 63, MU).

Figs. 72-73. Equatorial face. Scale =4 um.

Fig. 74. Detail of ornamentation. Scale=1 um. ‘F

Fig. 75. Distal face. Scale=4 um. ~ . ’
Figs. 76-77. L. candt’dulm.‘

Fig. 76. Equatorial face.. {(New Guinca, ya-n Zanten 277, 1),

Fig. 77. Distal face. ‘ ) SN
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Figs. 78-83. SPORE TYPES.

Figs. 78-79. L. seychellarum. Paraisopqlar. Scale =4 um. (Seychelles. Horne 696, BM) .
Fig. 78. Distal face.

Fig. 79. Proximal face. -
]
Figs. 80-81. L. serratulum. Paraisopoldr *Scalc=4 um. (New Guinea, Gijellerfp 27, 27a,

\ -

Type, FH). . J - g

Fig. 80. Equatorial face. ‘ »

-

. ' b
Fig. 81. Equatorial face of germina&ing spore.: .- *

-

" Figs. 82-83. L. hildebrandtii. Paraisopolar. Scafe = 10 um. (Comoto Islands, Hildcbrandt a.

1875, Isotype. G). v o

Fig-82. Equatorial face.

Fig. 83. Equatorial face with partial view*of the less ornamented proximal face. -
o - ’






Figs. 84-89. SPORE TYPES. )
Figs. 84-85. L. molleri. Paraisopolar. Scale=4 um. (Liberia, Linder 31, G). ¢
Fig. 84. Proximal face. |
Fig;. 85-86. Equatorial face, | r
Fig. 87. Germinating spore.
Figs. 88-89. L. renauldii. Verrucate -gemmate. Scale=4 um. (Mauritius, Balfour, NY). g
Fig. 88. Distal face. | |

Fig. 89. Tetrads,
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60). The spores of most species of Leucophanes appear t6 be atreme or inaperturate with no
dm—incl lrile\{e mark. In }11051 species, the proximal face is less,pmamcmed (Figs. 70, 83) and,
with an irregular to elliplical‘smooth area (Figs. 84, 86v), this perhaps, f uncﬁoning. asa icptome
at géminalion. ln L. renauldl;i., unlike niost species, the a{'rea with less proccs‘ses is located on the
‘distal face (Fig. 88-89). - S .
lnlempe;if ic variation in spore omamentalion is considerable. particularly in
Leucophanes subg. Leucophanes (Figs. 60-65). In this subgenus some morpholog:cally closely
related species may differ considerably in spore ornamentauon In the Af ncan lmeage for

example, spores of L. hildebrandtii are more sinilar to those of L. molleri than to spores of the

morphologically related L. renauldii. In the mostly Southeast Asian-tropical chif ic species‘

. élades. two groups are distinguished based ‘®n spore ornamentation. The first group is
characterized by spores Wilh irregular'and coar§e,granular depositions on the gemmae) The
species included here are L. serralulum,l..,mille.\hi and L. seychellarum. These species are
cladistically related (sister groups) (Fig. 481). The spore type of these species is also simjlar to
that observed in L. candidum thus, suggestmg an affi mlty between Subgenus Leionotus and
Subgenus Leucophanes. The other spore group in Subgenus Leucophanes is represented by L.
pctoblepharioides. Spores of this species are basically, verrucate to short baculate with granular
depositions vl'hal are more symmetrically arranged than those of L. milleri, L. seychellarum and
L.’serr"azulum. Perhaps, this is a der'iv'ed condition. In Subgenus frachynolus. the spore
orr;amemau'on_of VL. glaucum subsp. glaucum with an irregular reticulate pattern appears to be
similar to that of L. ;glaucum subsp.‘vittii. rather than to L. glaucum éubsp. nukahivense {Figs.
60-65). Additional material is needed to delermine variations within and between populations

) evalﬁatc the usefulness of spore ornamentation in clarifying potential phylogenetic -

relationships. . .



" IV. HABITAT OF LEUCOPHANES

,

~ Information on the habitats of species of Leucbphanes is limited. Some herbarium

: ‘

lébe‘ls give no information on specif ic localities (é.g.. Celebes, nga) and praetically no data on
substrata, altitude or type of forest. Thus, the diséussion on habitats is based oh additional
information from the following sources: -
) Cri}.ical examination.of the protologues and related literature.
(-2) Field observations gathered from trips to Panama, Puerto Rico anleanualu.

(3) Information provided by colleagues who are familiar \yilh 1h$ geography and vegelation.of 1
localities whére Leucopham;s s been collected, particularly in Southeast Asia.
(4; Information gathered f ro:)tjiterature on past a.nd present distributions and’ ‘
characteristics of thf.; tropical rain forests of the world. .

Leucophanes is a corticolous epiphyte growing on living trees (palm, other
angiosperms, and tree ferns), from the base to heights of 1-5 meters above groﬁnd level. On.
palm trees, particularly in coconut plamatio.ns along §eashores and farther inland, Leu¢ophanes
( L glaucum and L. octoblepharioides) has bécn observed growing at the bases of trees, in the
rootlets and bulb areas. These areas, particularly the rootlet section, are f requently shaded by
grasses and species of Mimosa and ha\;e accumulated soil in the crevices. These conditions,
-perhabs. provide a more moist and shaded microhabitat for the establishment and.growth of T
Leucophahe;. In thes}s habitats, Leucophanes is found in association with Syrrhopodon,
Calympe(gs. crustose and foliosé.’f‘i’sﬁ Old palm trees, particularlv those in shaded, moisi
localities, frequently have their bark decomposed with tunnel-like cavities housing termites,
ants, scorpions and sometimes woc;dspecies of beetles. In these trees, Leucopl;anes species have
been. observed to grow from the base to hexghts of aboul 5 m above-ground level, many umes
ona very thin, fragile-layer of bark. In n these habuats it is f requently observed in aswcnatnon
-with species of Syrrhopodon, Calymperes, and meibers of the Sematophyllaceae. leafy

hepatics, crustose and muci_laginou? J,u:hem\
\

j A -



. Ina study of three sites on the Hisla'nd Espiritu Santo (Vanuatu), the disttibution of '
Leucophanes glénccum; at the bases of palm trees m coconut.-plantations shows strong.
associaliog,with the prcva;gnl‘direcuon of the rainfladen winds. pH readings of six bark
samples ﬁollec‘ted in associatién with L. octoblepharioides on Mt. Patliu (i;n the same island),
are in the ac:d range of 3. 5 5:5.In the 1s|and farests of Mt. Paunu si)ecles of Leucophaneu "
were observed growing on trees tQ heights of about Sm above ground level o '

Three species of Leucophanes grow on trees and rocks (g.g.. limestone cliff s)—'-aiong
se;shores. These are L. candidum, L. oczbblepharic;ld;s, énd L. glaucum. The 'r_nost. widespread _
of the three appears 1o be L. glaucum as indicated by the high frequency of occuri'encé of this

! pecies in collections frem this area, when comparéd to those of L. octoblepharioidiugad L.
candidum. These specnes are the only ones reported 10 occur imrtitroral forests subject to salt
spray. These three species also grow in mland forests, on trees decomposing logs, rocks and on
soil. . _

Of the African species of Leucophanes, as early as 1896, Dusen indicated ‘that: "The
specics of the genus Leucophanes are not pam'cuiarly common in the Cameroon c¢olony and,
apparently, do scarcely asccnd more than 1000 m up the moumam They more specially seem to
belong to the coast-district”. All the localities known for L. moIIen in Africa appear to be from
inland rain forests, Comparative studies on the habitat and associations of L. molleri at the
Luquillo Motmtains in Puerto Rico, and two localities in Pan;ma (Santa Fe, Veraguas, Santa

Rita, Panama) indicate the occurrence of this species on palm trees and other angiosperms

(e.g., Virola sp.) and also on tree ferns (Cyathea). in these habitais. it grows associated with -

species of Syrrhopodon, Calympe}es, Leucobryum, Octoblepharum, pleurocarpous-mosses, leafy

: hép_atics (e.8., Plagiochila), f:ilmy ferns (Hyménophyllaceae) and folioselichens. A pH

determination of a bark sample kVirola sp.) collected in Panama was 4.5. No seashore

populations of L. molleri a;e known from the Neotropic:
Of the six spcci&s of‘ WopWs repdrted for Africa, L. hildebrandtii and L.‘

angustifoltum appear to be the two with the widest altitudinal range, grow‘rir*ag from the lowlands

L 4
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’ _ forest, with somc\ ( Li car‘idum, L. octoblepharipides, L. glaugum, L. ltlldebrandtil and £.

¥ . . : S N\ 8
P . . ‘ R . . » ~\1. . 3

to elevattons of about 2000 m. 'I'hey have been collected on such substrata as the bark or

v ow

angmsﬂms and tree r erns, decomposrhg logs émd rocks. All other specres of Leucophanes in

Af rica and Southeast Asia appear to be cortrcolous epiphytes, wrth somc of them also growingh

on decomposmg bark. Specres of Leucophanes are mostly elements of the lowland troprcal €@ain o,

! .
: » ) £ Vs

ton

angusti folium) extending into montane forests. .

~

Thus the f ollowmg conclustor;s and hypotheses on the ecology and distribution of

Leucophanes can be derived f rom. the mf ormation known to date,

(1) Plants of Leucophanes to grow on a wide range of substrata, alth8ugh they are primarily

.. corticolous eprphytes . . o \ &

(2) Leucophanes species grow under acrdrc condmons allhough some species may have a wrder

™

| tolerance, growmg on basic substrata (e.g., limestone). Perhaps with more f |eld studies,

preferences at the spectfrc level will be f ound

- (3) Some species of Leucophanes partrcularly those of Africa, a‘nd some from Southeast Asié '
appear (o be restrrcted to inland f forests, whrle others like L. glaucum L. ocloblephanordes and
L. candldum occur in httoral f orests as well Of these, L. glaucum appears to be the most

3

mdesprcad (and perhaps ecologically sutcessf ul) species with a distribution in the llttoral

N |

(4) Species of Leucophanes are f requently assoclated wrth such closely related genera as

f orest of the South Pacific.

S, yrrhopodon Cal 'ymperes, Octoblepharum Exodlct yon, Exostratum and Arthrocormus. They
also grow in assocratron with Leucobryum and various pleurocarpous maggses, leafy hepatics and
lichens. In drier, more exposed habitats, Leucophanes is.associated withSyrrhopodbh

Calymperes some xeric hepatics (e.g., Frullama) foliose and crustose lichens. In mland

Tt orests perhaps. under more moist conditiofg, Leucophanes grows assocrated with specrespf

the abovementioned genera and also Exodictyon, Exostratum, Leucobryum, various
] pleurocarpous mosses and léafy hepatics. i —_—

(5) The species of Leucophanes that are wi&spread in littoral forests appear&be piorreer

1



colomzers , n S ,
. oy 5 o -

(6) 1 hypothesue that the suooess of specncs of Leucop nu as pnoneers of the tropical 1slands

of the Pacﬂ' ic. Ocean is due to their,ability to withstand prolonged periods of desnccmon these

v ‘perhaps couﬁled w:th h:gh h;ht intensities and tepperatu-res in somc areas The slructurc or the

gamctophyte (pamcuhrly thc leaf’),. along with some physological adaptauons growth I‘orm

_and life- suuegxeg especnlly the. changc towards psexual means of reproducuon and pemaps

lack of competmon appcar to be important factors in the successml colomtatnon of littoral ‘

. hablms by Leucophanes.. — » ‘

(7) Even though plants of Leucopimnes are ablc to Wﬂhstand prolonged pcnods of desnccauon**-

: thcy do not appear to be xerophytes Tms is evidenced by Lhe fact that they do not occur.in .

xeric habuats such as exposed rock outcrops sand dupes or and soxls Thus I hypothesize that o

* the gcnus most probably ongmatod in mland tropncal ram forests, dcvclopmg sts.structural and |

'-.almost oertamly phys:ologlcal adaptauons and life- mechamsms in rclauon tq selective forces
brought about by its comcolous habit couplcd wnth Seasonally dry periods in the fotest i in which

| . n grew Thus by bcmg pre-adapted to withstand prolonged dry.periods, Leucophanes was able

to dnsperse and dnverstfy into httoral habitats.
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\;. PLANT AND ANIMAL INTERACTIO? ‘

. Biological~imeractions'bclween nryophytes and animals (p&i’lic. rly insecté). algﬁé. |
fungi and bact;:ria are known to qc;ur in nature. They vary f rom mutualisNc associations in
which the partners dérive more b} less equal benefits to associaiions of sehi- 10 compleu:
parasitism (Redhead 1980 1981) Endophyuc and epiphytic assocnauoié of green algae and
mosses have been reported sifice.the, early part of this cemury (see Rere 1981 for a short
revlew). Cyanobacteria, either as cndosymbnonls of mosses or as cplph*tcs are known to be the

main nitrogen f ixing nrgan;sms in the Arctic (Jordan et al., 1978). Th# have also been known
~to promote moss growth (Rodgers. aN'lennksson 1976) and increase n\rogen uptake, ¢.g. in
Sphagnum (Brasier, 1980).

Species of Leucophanes have becn obscrvcd to be assocnaled with |lamemous
((bcullalonales) or non filamentous (Chroococcales) cyanobaéteua These appear between leaf
up gemrae and also on the gametophores, particularly in association with new growth. In sog)c
samplcs the cyanobacteria form a bIUc-grecn band clearly distinguishable with the’ naked eye.
Cyanobactena arefound on the surface of the 1eavcs and within the hyalocysts Thcv have not
becn observed in the chloroeysls Itis probablc that these cyanobactena function as an
additional source of mtrogen. parallgl 10 what occurs in Sphagnuu (Brasiler, 1980).

Moss assodated bacteria have been reporled to havc an influence on their growlh
(Spiess et al., 1971, 1976, 1981, 1982, 1984) -Bacteria havc been observed associated wuh’lcaf
tip gemmae ‘but thcnr taxa ax'f f ccts on Leucophanes growth are unknown

There is a growing htera?rc on moss-fungi associations (Grerro;a 1971 Singer, 1975;

~Chopra et al., 1978; Wallm;. 1978 Grasso and Scheirer, 1981; Parke an? Linderman, 1980;
‘.Rablun 1980 Redhead, 1980 1981) Some fungi have been known to promotc germmauon and
"growth in some mosses (Vaarama and Taren, 1959) : The associations betwecn fungi and mosses
are parasitic or non parasmc (Redhead 1980, 1981) In many others the exact nature of their

assocxauoms still unknown (Singer, 1975 Grasso and Schcxrer 1981)

+
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Fungal spores and hyp,hac have been observed in leaves and sporophytes of
~ Beucophanes. Tixier (1969) related the structure of leaf -tip gemmae (Tixier's propagules) to
thit of some fungal spores.-¢.g:, Fusarum and Helmithosporium. He suggested that this

similarity,could indicate an evolutionary continuity { "¢ontinuité") between mosses and fungi. -

yhae have been obsgrved to penetrate the hyaline cells, most likely at the resorption
s ! :

are affected with-a consequentdamage to the

“living plant, I have considered th iations 'as exogenous and ndn parasitic.

« Parasitic (endogenous) interactions have been observed in L. angustifolium. Leaves
;nf ected by fungi undergo localized lumor-likq growth in which the fungi are contained. Apices
are also areas succcp{iblc tof ungal infection. Swollen apices, and bleached, unhealthy ldokgxg
plants are indications of fungal attack. In all instances ;n which the apices have been invaded;,
the planis look ac.hlorotic and the leaves are readily detachable,

- It is most likely that all of Lhesc plaﬁ,t assaciations may have some influence on the
growth of Leucophanes under natural conditions. It has been very difficult to grow this moss in
axenic culture, rcgardléés of the dif fcret;l growth media and pH I used. Perhaps, some or all of
the plant-moss as;socialions related to L?ucophan‘es are needed for their successful growth
under laboratc;ry conditions. |

In relation fo_am’mal interactions, cylindrical 1o oblong pelie®, formed by cut pieces of
leaves have been frequently enco\umcred in‘.popula:lions oledeucophanes. Matthey (1977) ~
reported the use of cut fnoss gamctobhqres for the construction of special pupating cells in
some insects. Glime (1978) reported the use of moss parts in the construction of laival cases,
these serving as camouflage devices for the insects). The foraging of moss parts by ants has also
been documented (Plitt, 1907; Matthey, 1977; Loria and Herrnstadt, 1980). Mutualistic
assodlations between beetles and bryophytes. 'epizoic symbiosis ", have also been réportéd
(Gressit et al., 1966, 1968). Here the bryophytes are thought to provide camouflage for the

insects and also make them distasteful to predators.

I
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»There has been no direct observation of animal predation on Leucophanes. although
ants have been observed crawling over the turfs. It is most interesting to note that, in Mc
. palm trees, Leucophanes have been c.>bscrved growing oﬁ the thin decomposed bark of tunnels
inhabited by ants, scorpions or termites. Exoskelé;on; of mouth pieces and whole insects have
been gathered from herbarium -materials». A beetle of the family Bostrichidae has been cbllectcd
am cuf turfs. Members of tl}is ‘f amily are known to be wood-tﬁnnel builders in tropicil irees
(G(.,:ll. personal cammunication), | ‘

,Considering the richness of tﬂe tropical at:na. it is most likely that many animal
groups, te rcspoﬁsible for the foraging of Leuéopﬁanes gametophores. 1t is probable that the

walcr-h&lding capacity of the leaves is the critical factor in their selective use or, perhaps, thelr .

availability in a particularly restricted habitat for soft, pliable plant material ot both.
/, -—
i
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V1. TAXONOMIC TREATMENT
LEUCOPHANES BRID.
Bryol. Univ. 1: 763. 1827. Type species: L. octoblephdrioides Brid. 3
| : ‘
DISTINGUISHING FEATURES. Leucophanes is Qharactemed by gametophores with a
comcolous. mrf fomm; habit, whinh -green to bite-green in colorthe stem sympodhlly
" branched and also wuh short. branchmg systems that develop into fully grown gamctophytes
whnlc sull mibwd to lhe-parcm plant (cpngamct,ophytc%); leaves with 3 costa and a structurally
complex lamina- composed of two arcas a mulusmfosc area with a centra) to subcenml layer
of chlorocysls sunounded on €ach surf ace. by one-ar mare layers of hyalocysts and, a hyaline
lamma composed only of hyaline cclls dioicous, except for one species, anthendlal and
archegomale plants morphologncally s;mllar or r male plants small and dwarf (L. candidum);
sporophytes terminal, exserted capsules erect to subinclined. with a papnllose neck; the
peristame with a prostome, 2-3\:ell high, haplolepideous, of 16 orange-red teeth inserted in the
| mouth of the capsule, the teeth inc‘éularly pa'pillose lo f oveohtc-papill(lse. or striated - papillose
or with wide longitudinal 1o scmiclircular,lhickenings or smooth; spores 10-20 um in dialnetcr.
paraisopolar, verrucate to shortly bacglate, verrucate-gemmate, to reticulate. The genus is
distinguished from Exodictyon, Exoslr;ium, Arthrocormus and Octoblepharum by the costate
leaves, the costa, in transverse section, composed of 2-4.gpidc cells surrounded by stereids,
these in turn, may be sovered by a layer of porose hyaliné cells on the abaxial and adaxial
surfaces. Unlike the other genera, the lamina in Leucophanes is mmpo;ed of a.multistratose
afea and a hyaline basal portion.
DsscnlrﬁON. Plants 2-7 cm 1all, whitish-greeg to blue-green or yellow-green, in dense to
loose turfs. Stem orange-brown to orange-red, sparingly branched .(sylnpodially) and with
short branching systems that may develop into fully grown gar;letophytes while attached to the

mother plant by r“(eplgametophytes) in transverse section round to irregularly

triangular with a o area of large medullary cells surrounded by a layer of small cortical

% L]
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cells. Leaves (2.5)3.0-8.5(10) mm long. 0.3-0.8(0.9) mm wide, erect (0 squarrose sbove

.

midleaf (e.g.. L. candidum). loose to closely overhppin' when dry. erect spmdmg to cutve )
and squarrose when moist; long lanceolne from a broad 10 narrow base. keeled at basc or

through most of their lenglh plane above; acute acuminate, mucronate, retuse or wnh a

sharply dentate apexX; in transverse sec multistrasose lamina composed of a cemnl to
suboentral layer of chlorocysts surrounded, on each sprface, by 1-2(3)‘laycrs of hvalocysts;
hyaline lamina 1/8-1/3 leagth of Icai' from buc: uni- to bistratose, $-10 cells wide; mar‘m's
plane, serrate in upper third with tee.(h‘gingle or i'n pairs, or margins smooth, straight 10

undulate or recurved; in tramverse section uni- to multistratose; costa percurrent to shortly

excurrent, enclosed in a groove formed by bulging hyﬂocysts or superficial, smooth to spinose .

- on back at apex or in upper third; in lransversé section composcd‘of one layer of adaxial

hyélocysts, 1-5 layers of adaxial stereids, 2 guide cells continuous with the chlorophyllous layer,
2-4 layers of abaxial stereids that may or may not be covered by a layer of hyalocysts, these
with thin or thick walis or inflgted; at base, in some species, costal stereids extend from adaxial
to abaxial surfaces. Hyalocysts, in surface view,on hbaxial surface at base, rectangular to

qﬁaarale to hexagonal, with pores on surface and transverse walls; at midleaf rectangular to

long or short hexagonal with surface pores narrow, slit-like and restricted to marginal N

hvalocysts; at _apcx: hyalocysts oblong rounded-quadrate or hexagonal with narrow 1o wide
surface ‘pores. Gemmae oblong to clavate composed of 6-9(10) cells, papiliose, branch;d of
unbranched ai proximal end. Rhizoids orange-red, papillose.

Dioicous or synoicous, male and female plants growing intermixed or in séparal& turfs
and structurally similar or with male plantS'smalI' and dwarf (in L. tandidum). Perichaetial
leaves similar t0 vegetative ones or differentiated and mostly hyaline, archegonia in groups of
five to more than ten, flask -shaped. Perigonial leaves differentiated, 2-3 in number, and
completely covering the antheridia, ovate frc;m a broad wing-like base, with a V-shaped hy;line
lamina occupying the basal 2/3 to 4/5 of leaf and, a uni- to multistratose upper portion;

antheridia in groups of five to more than fivd, paraphyses absent from both gametoecia.
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Ca!z_pra 1.2-3.8 mm long. cucullate, Grange-red and papiliose at apex, stramineous below .
"~ Sporophytes ferminal, monosetous, setaexerted, 3.1-15 mm long. dark-orange to
brown -orange, sinistrorse, smooth to slightly papillose on distal portion; operculum long,
subulate rostrate; cspswle 1.2-1.S mm long, dark orange-red to btfcwn-onnge. darker at nim,
erect 10 slubincll:ned. cylindric to oblong-cylindric, slightly contracted under mouth, gradually™
narrowing (o seta by a short neck: exorhecial cells rectangular to ‘Quadrate with thin to thick
walls (perticularly the longitudinal walls); rim céll: quadrate to rectangular with thin walis;
stomata gup?rf icial on neck of capsule; geristome with a prostome 2-3 cells high, t;elh
orange -red inserted below rim of capsule, long or short lanceolate, strongly pspillose on both
plates with papillae in foveolate arrangements, or dorsal plate papiliose -striatdd, or with
longitudinal to semi-circular thickenings and ventral plate more or less foveolate 05, peristome
teeth smooth on both plates; trabeculae distinct. Spores 10-20(22.5) um in diameter,
paraisqpolar, granular to gcmnine with bacula-type omamemaﬁons projecting from the

surface; under SEM strongly gemmate, to verrucate -gemmate to more of less reticalate.

HABITAT. Plafts of uumMs aré most commonly found as corticolous epiphytes on bark
of paims and other angiosperms, on lree‘r erns, dgcomposing logs. rocks (siliceous or Sasic) and
on soil. They have been observed growing from tree bues to approximately S meters above
ground level. Members are important components of the littoral forest particularly in the
islands of the tropical Pacific. Some species appear to be restricted to inland forests, while

others are found in both, littoral and inland forests.

DISTRIBUTION. Leucophanes is distributed in the tropical and subtropical regions of the
world. Its distribution coinciding with the major blocks of 'u"opical rain forests. Seven endemirs
are recognized. Of these, five are from Afriai L. hildebrandtii, L. rodriguezii, L. renauldii, L.
seychellarum and L. unguiculatum; the other cncliem:'cs are from New Guinea, L. serratulum;

and Micronesia, L. millerii. ' ’
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P * KEY TD SUBGENERA OF PHANES
' Y. ] . .y !

\\v ’

1. Laminar hy'alog.ysts. M;flce view, oblqng with + sinuose lateral walls and ::road to
mrro’w do;e-,lail end wal, Iougi(u?iml r(;\;vs of chiorocysts above midical brosd. 10-1$
. s am wi.d; with réundod }o'pval lacunae, ttnns;em secluon of leaves heterogeneous with
2(3) hwrs of al;xhl hyalocysis at blse ........ e Subgenus Trachynotus (page 229)
1. Lammar hyalocyus i sur{ace view, shon or logg hcugonal with + recup‘ar luct,al and
- end walls, Iongnudmal rows of chlorocysts above midleaf narrow, 7.5-10(12. S) um wide
“ with elongated lacunac, transverse section ol‘ravcs homogcneous from base to apex with
one ot more layers of hulocysxs on ¢ach s:de of the-ehiorophylous Iayer or
helcrogemous with 2(3) layers of abaml hyalocysts atbase . ... 2

pE— [}

2. Leaves tumid, squarrose - spreading o erect, acuminate, ‘costa narrow and short excurrent,

exposed aba xally, hyalocysts in surfacc view, shott hexagonal, transverse section of

leaves homogeneous Lhroughou( with on}hdwalocysu on cach side of the

chlorophyllous layer . ................ - / ................... e Subgenus Leianotus (page 211)
-2. Lcaves flattened to shghtl) tumid, + spreading, erect, curved or falcate, acuminate, obtuse,

" or with an crose or incvsed apex, costa narrow or broad, pcrtuncm to shortly excurrent,
exposed or covered by hyaline cells abaxially, Myalocysts, in surface view, rectanguiar to
hexagonal, mngverse section of iuves homogeneous with one or more than one layer of
h):alocysu on each side of tpc chlorophyllous layer or heterogeneous ................ FURI.

g e e Subgenus Lelcophanes (page 96)

* KEYTOSPECIES AND SUBSPECIES OF LEUCOPHANES

1. Plants robust, leaves tumid, squarrose -spreading o erect, closely vaginant, Byalocyst surface

walls porate from base to apex; transverse section of leaves chlorophyllous layer, costa
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1311167014 1 TR ettt e et tanten et rra e arannraranneanes L. candidum(page 212)
1. Plants slender to robust, leaves flattened to slightly tumid, erect to irregularl{éurved, ]?osel_v
to \closely overlapping, hyaldcyst surface walls porate mainly at base and apex, trénsverse
section of leaves with one or more layers of hyalocysts or sSmOOth ..............ceuvvnnnns (2)
2. Midleaf cells rhombpid to oblong with + straight walls, chlorocysts above midleaf narrow to
+ ;road (1:1,2-3:1), lacunae narrowly elongated to + broad, transverse section of the
Ieaf base‘i one or more layers of hyaldcysis on each side ofhlo phyllous layer . (3)
2. Midleaf celis oblong to irregularly hexagonal with sinuose lateral ‘walls and rounded bulging -
end walls, chlor(;cysls above midleaf broad (1:1, 1:2), lacur');e short and broad,
transverse section of leaf*with more than one layer of hyalocyﬁ on abaxial side of
chlorophylious layer . ..... peeer e, Leucophanes glaucum sensu lato (14) (page 230)
3. Leaves narragyly lanceolate (11-15:1), in transverse section with one or 2(3) irregular layers
of hyalocysts on the abaxial and adaxial sides of chlorophyllous layer, pores on
transverse walls narrow 2.5-5.0 um in diameter ................. L. angustifolium (page 119)
3. Leaves narrowly 10 hroadly lanceolate (6-13:.1). in transverse section with one layer 6f
hyalocysts (in some populations 6( L. octoblepharioides ;wo layers al‘bas'e, on abaxial
side) on each sidc\:’ of chlorophyllous layer, pores on transverse walls narrow or wide.f 2.5
1o more than 5.0 um in diameter . .............oviiiiiii oo (4)
4. Costa ending in_a truncate, spindse-ero\se apex, m'argiysfnoothl e, S (5)
4, Cos{a percurrent in an acuminate or truncdie, smooth apex, margins serrate or gmooth . (6)
5. Leaves markedly shiny-translucent, mid- and apical hxalocysts, c;n abaxial side, short
hexagonal, bulging . ..........c.ooiiiiiii i L. renauldii (page 200)
S. Leaves slightly translucent, mid; and apical hyalocysts, on abaxfél side; oblong-hexagonal to
o irregularly rectangular, not inflated or slightlyso . .............. L. hildebrandtii (page 192)
6. Apex of mature leaves variable, acuminate to obtuse or incised, recurved, plants small to
MEdiUM SIZEA . .......ovot ettt L. molleri (page 166)

v

6. Apex of mature leaves acuminate to apiculate, straight, plants medium sized to robust . .. ( 7)
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7. Plants fobust. leaves broadly lanceolate.. acuminate to apiculate, rg)é}gins strongly serrate in
the upper third or smooth . ...........ccoccoiviniiinini.l “...',‘ff .............................. (8)
7. Plants slender, leaves narrowly lanceolate, acuminate, marg’i}\@j sefrate in lhg upper third .(9)
8. Leaves strongly-curved 1o falcate-secund. apiculate (in sqr/r;e leaves the apiculus hook -like),
;
margins smooth, dioicous A/ ............ L. unguiculatum (page 183)

. . . [ .
8. Leaves squarrose from middle, acuminate, margmgslrongly serrate, synoicous
' /

........................... - L. serratu/un; (page 149;
9. Pores on transverse walls of hyalocysts 5.0 ul[n"lor more in diameter, costa narrow, abaxially

exposed or covered by inflated hyaling.c’élls, margins w*hen dry + plane to sliéhlly

reéurved below shoulders . ........................ e (10)
9. Pores on transverse walls of hyalocysts mostly 2.5-5.0 um in diameter, costa wide. abaxially

~ _covered by a layer of hyaline cells, margins strongly revolute below shoulders

.......................................................... vvvivivenineneoo.... Lo rodriguezii (page 160)
10.‘Midleaf cells long-hexagonﬁl with rectilinear to + curve end walls, peristome plates '
) longitudinally striate'ahd papillose ......... L. octoblepharioides subsp. whittieri ( page 114)
10. Midcells rectangular to hexagonal with rectilinear to + curved end walls, pcris;omc plates
papillose, foxfeoiate . D ................ (}1)
11. Plants slender to 3 cm hiéh, leaves dull to translucent, loosely overlﬁpping. spores granular,
: Sgta 6-8mmilong . ..o P e :., ..... (12)
11. Plants slender to robust, 3-5 cm tall, leaves shiny, closely overlapping, spores g;ossl)' and
irregularly baculate-gemmate, seta 8-18 mm long . “ ...................... (13)
12. Lea’ves ﬁarr9wly to broadly lanceolate, margins.serrale, midleaf hyalocysts irregularly
hexagona’l to rectangular, in transverse section wi%h curved to + straight surface walls,
peristgme plateé densely papillos@, foveolate R LT E Ty IS TP PP PR P PP PTPRPPS RPN
............ , L.octoblepharioides subsp. octoblepharioides(page 102)

12. Leaves narrowly lanceolate, margins sharply serrate, midleaf hyaiocysts rectangular, in '

transverse section with strongly concave surface walls, peristome dorsal plates +
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sﬁooth. ventral plates papiilose e L. seychellarum (page 143)
13. Plants to 3 cm tall, leaves squarrose to Zurvéd\-spreading. abaxial hyaiocysts shqu
hexagonal (1-2:1), inflated, covering the c}sla from baseto apex ................ceevnennn...
e N L. oCtoblepharioides subsp. meijeri (page 109)
13. Plants to S cm tall, leaves erect, 10 curve’ -spreading, abaxial hyalocysts'hg rectangular
(3-5:1), not inflated, costa EXPOSEd  eiiiiiiei e e L. milleri kpage 132)
14. Peristome dorsal plates papillose, with + defined vertical striations ornamented with
papillae; ventral plates strongly papillose; costa sharply spinose to nearly smooth............
 eeeenernens ...... U L. glaucum subsp. glaucum (page 230)
14. Pe‘:istgme,dérsal plates faintly papillose to smooth at #pex, ventral plates papillose to |
s}n.c;otr}; costa smooth O with few Scattered teeth . ........oo.voooooooooo oo (15)
15. Petistome dorsal plates slightly papillose and articulated at base, smooth at apex, ventral
plates papillose, spépcs sparsely granular with short baculate ornamentation projecting
from the surface ...................cooviiiiinal, L. glaucu’m subs:p. nukahivense (page 250)
15. Peristome dorsal and ventral plates smooth, unarticulated at bas;, spores {inely granular ...,
................... L. glaucum subsp. vittii (page 254)
‘ a . .
"’l,wcéi’ﬁmr:s SUBG. LEUCOPHANES
Lectotype: Leucophanes octoblephatioides Brid. |
Section Tropinotus C. Muell., J. Mus. Godeffroy 3(6): 57. 58. 1874. nom. illeg. incl. lectotyp.
gen.= Leucophanes Brid. sect. Leucophanes.
cyon C. Cardot. Mem. Soc. natn. Sci. nat. Math. Cherbourg 32: 1-84. 1900.
SEZection Homostrésica. Cardot. in Gr'and. Hist. Madag--39: 148. 1915,
Plants 3-6 cm tall in loose to dense turf Wem sparingly branched; leaves lanceolate from a

"broad or narrow base, erect spreading to + falcate and closely overlapping when dry, slightly

spreading when moist, acuminate, acute, apiculate or retuse, keeled below, plane above; hyaline
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lamina occupying 1/5-1/3 lcﬁgth of leaf; hyalocysts rectangular to hexagonal, chlorbcysrs in'
surface view above midleaf with narrow to + broad lacunace; costa narrow or broad, spinose at
apex or srlnooth,; margins sc‘frate in up;;er 1/4-1/3 10 sm‘ooth with 2-3 colored cells at insertion;
transverse section of leaf with one or more thar one layer .of’ hy'alocysts on each side of
chiorophylious cells. Dioicous, male and female plants similar, perichaetial leaves shorter and
-;yaline through most of t;xcir length or not differentiated; seta 4.4-7.2 mm long; c\'aps_ules
1.7-2.6 mm long, cylindrical; p\erﬁome with a prostome 2-3 cells high; hapl&cpideous of 16
narrow to broadly lanceolate Vtéth. papill'ose-f yveolalc on both plates to smiooth on dorsal plate
or with semi-circular to longitudinal thickenings; spores 7.5-17.5(20) um, gemmate, under

v

SEM gemmae ornamented with granular depositions.
Leucophanes octohlepharioides Brid.

~ Bryol. Univer. 1: 763, 1826. Types: "In insula Java unde clariss Nees v. Esenbeck habuit ¢t
~ humanissime in isum communicavit, et in regionc Nepal Indiac ex Herbario Candolleano
caespitose ad terram habitat. "(Lectotype: "Java. Leg. Nees v. Esenbeck ™. B-Necs v.

. Esenbeck!; Isotype: BM-Hb. Nees!: Symypc‘: B-De Candolle!).

Syrrhopodon octoblepharis Nees ex Schwaegr., Spec. Musc. Suppl. 4: 311 a. 1842, Type: "In’
Java lectum misit Nees ab Esenbeck, praeses Soc. Leopold.” (Lectotype: G¥Hcdw.-Schw5egr.!;

_Isotype: G-Hedw.-Schwaegr.!).

'Leucophanes.korthalsii Doz. et Molk., Musci Fr. Ined. A,rchip; Indici 3: 65. 23. 1846. Tvpes:
"Java: in monte Gede. Zippelius. Borneo: ﬁrdpe pagum Martapoéra. Korthals. Amboina:o
collegit Zippelius.;'"(Leclotypc: "Syrrhopodon octoblepharis” Nees. B. flexirostrum. Collegit
Q.W. Korthals Martapoera, pagum insulae Bor_nco". L-Lugd.Bat!; Syngy;es : "Amboina”.

L-Lugd.Bat. (3 specimens)!).
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. Leucophanes albosfiens C. Muell., J. Mus. Godeffroy 3(6): 58.1874. Type: "Samoa- msulac
’Yhter alio# muscos parcxssxme Savaii, Upolu et Tutuila. Leg. Dr. Ed. Graeffe". (lsotype
"Leucophanes albo-nitens C. M. Samoa insulae, Upolu ad Tofra. 1861, leg. E. Graef fe com. C.
M., resp. Broth." S-Roth!). -
.Octoblepharum octoblepharioidgs (Brid.) Mitt., Rep. Sc. Vovage Challengcr Bot. 1(4): 259’.—.
1885. Type: "Leucophanes octoblepharioides Brid., Bryol. Univ., i.p. 763; C. Mull., Synopsns //

Musc’, Frond., lp 82."

[\

Leucophanes miMm C. Muell: in Geh., Biblioth. Bot. 13:2. 1889. Type: "Fly River

(Branch), alliis muscis parcissime intermixtum leg. W. Bauerlen.” (Type: not seen).

Leucophanes francii Card. et Ther., Diagnost. Esp. Var. Nouv. Mouss. 8.2. 1910. Typ‘ef "Hab.

Foret de Tao, de 100 a 600m." (Lectotype: PC-Ther.!; Isotype: BM-ex Ther.!; FH-ex Ther.!).

Leucophanes pungens Fleisch. ex Dixon., Proc. Linn. Soc. N.§. Wales 55(3): 268. 1930. 'pre
"M:. };r Arch, Ind et Polynes., No. 405; Samoa Ins. Savai'i, deter. Flelscher " (Leclotype

"Musci Frond. Archlpelagx lndxcn et Polyncsnam SeritIX (No. 401-450). 1906. 405 —

Leucophanes ( Tropinotus ) pungens. Fleisch. n. sp.." BM!; Isotypes: B!, BM (2 specxmens)'

PEGR!, G!, JE (2 specimensJT,L!, M!, NY!, S1).

Leucophanes nicobaricum C. Muell. ex Gahgulee Mosses of Eastem India and adjacent
regions. Archidiales, Dicranales, Fnssxdem.ales Fasc. 2. p. 438. 1971 Type: "Kurz lectusrad
Ketchall Inseln in Nicobar Is. et positus in BM". {Lectotype: “Nicobar Ins. Katchall. 11/275.

Leg. J. Kurz", BM!; Isotypes: B!, S!).

NOMENCLATURAL NOTE. The species was first described by Bridel (1826) based on two
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collections. One collection from Nees v. Esenbetk from Java and another f rom Nepal from De
Candolle s herbarium. There is a question mark on the herbarium sheet besides the specimen
from Nepal and a hand- written locality reading: "East Indies”. There are no collecuons .

recorded from Nepal except for lhrs one.

DISTINGUISHING FEATURES' Leucaphanes octoblepharioides is characterized by its erect.
leaves that are slrghlly spreadmg when dry and moist and narrowly lanceolare from a broad (]
+ narrow base as well; the leaves are broadly acuminate to acule keeled belo»q and plane '
above. rhe hyaline lamina occupies 1/5-1/3 the length of the leaf , and the costa is narrow; in
transverse section the leaves have .a single layer of hyalocy'sts on abax-ial ann gdaxial sides"' of
central chlorophyllous layer; the costa is exposed 10 completely EOvered tne hyalocysts on the
abaxial side. There are some populations of L. octoblepharioides that have two ‘la'yers of

hyalocysts on the abaxlal side of the leaf at base. ‘ ‘.

1

: DESCRIFT]OS. Plants 10 3.5 cm r.all. in dense or loose turf S, while-green when dry,

hght green to blue-green when motst. Stem red tp brown- red ( 100 0)112 S- 15&0( 175.0) um in
drameler flexuose; in transverse section with a central a:a o!‘ lafgelhm Wuﬂedpedullary cells
surrounded by a + thick-walled cortex Branchmg singic or rn‘ 2-3 s. Leaves LG 5.4 mm long,
0.4-0.9 mm wide, loosely overlapprng (subvagmanl). erect-patent and’ i—_ twrsted when dry, -
slightly spreading when moist, narrowly lanceolate from a broad to + narrow base, broadly

~ acuminate to acute, + keeled below, plane at apex, decurrent at costal atea with 3-4 red cells
at insertion; in transverse section-with one layer of quadrangular chlorocysts surrounded on
each surface by one layer of hyalocysrs ( |solated cross-walls observed at base in some
‘populatrons).- hyaline Iamrna extending 1/5-1/8 (1/3) the length ?f leaf, 4-10 cells wide, uni-
or bistfatose; mar;gins recurved below shoulders\, irregularly serrate in upper 173-1/2. with one

side more strongly serrate than the other, teeth single,.in transverse section with 2-5 rows of

stereids, uni- to multistratose; costa narrow throughout, percurrent, smooth to abaxially



. . \ A
.
sptnose at“apex, partially to completely covered by hyalocysts on abaxial side from base to apex

( see L octoblepharloldes subsp. meijer(); in transverse sectron wrth one layer of adaxral
hyalocysts, 1-(2) layers of adaxial stererds or none at all 2 gurdq cells continuous with the

central chlorophyllous layer and 2- 6 layers of abaxral stereids; hyalocysrs in surface view on

abaxial surface at hase 24.0-52.8 um long, 12. 5-25.0 um wrde rectangular

rhombic - elongated or quadra(e at mrdleaf (17.5)22.5-42.5(62. 5) um long,

(8. 5)10 0-17.5(22. 5) um wide, + hexagonal to megnlarly rectangular at apex
(16. 5)20 -48.5(52.5) um long (6 3)8.3- 15 0(20 0)um wrde rrregularly hexago:ral tol

rectangular',ores on surface walls single, wider at base narrow and restricted to rnargmal

hyalocysts at mrdleaf and apex 1-2 on transverse walls at base a single pore above Gemmae
variable in number of cells, finely paprllose clavate to oval-elongate in shape branched or

* unbranched at base. Rhizoids brown-red to orange- red, finely papillose, ©

Dioicous, perichaetial leaves dlff erentiated 219-3.3 mm long, with a broad hyaline
sheathing base covering vaginula and base of seta, archegoma in groups of fi ive, to more than
five. Male plants morphologically similar to f emalc plants, in'some populations slender and
flexuose, with a nodose appearance due to ‘perigonia; perigonial leaves three, antherrdra in
groups of more than five. Calyptrae 2.3-3.3 mm long, cylindrical, cucullate, red and papillose
at apex, stramineous below, cylinder entire or irregularly lacerate. Sporophyres terminal,

_ monosetous, setae 4.4-12.0 mm long, dark-red to brown-red, sinistrorse, + papillose at neck.,
smooth;eopercula 0.8-1.4 mm long, subulate-rostrate; erect to curved; capsules (1.5) 1.7-?.6
mm long. dark red, darker at rim, erect to subinclined, cylindric to oblong-elliptical, gradually
narrowing to seta, apophysis papillose; exothecral cells 35.0-62.5(87.5) um long.
(15.0)17.5-22.5(30. 0) um wrde rectangular to quadrate in longitudinal rows, with + thrck i

”walls. at rim (10.0)12.5-‘22.5(25.0) um long, 7.5-12.5 um wide, short oblong to hexagonal, m.
3‘4(5) horizontal layers; stomata 20.0-25.0 uml 'long. 20.0:22,5 um wide, 12-1:1 in number;
peristome leeth 162.5-260.0 um long, orange-red, densely papillose on both surfaces, papillae

clavate in circular arrangement, trabecula prominent on igper side. Spores 7.5-10.5(17.5) um
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in diameter, paraisopolar, densely verrucose to short-baculate, these with granular dvposiliohs.‘

HABJI AT. Leucophanes octoblepharioides has been collccted_ on trees, rotting ibgs. rocks and |
soil. It is feported to grow iﬁ inland and littoral.forests throughout its range - It appears to have
habitat preference (hi'gher.f requency of occurrence) fdr inlan‘d forests and grows with L.
glaucum, L. angustifobum. Exc;diclyon. Octoblepharum and other members g{ the -

Calymperaceae.

DlSTRlBUTlON. This species has been verified from Auslrali;; India; Southern Japan;
Taiwan; S.E. Asia: Nepal, Malesia, Democrglic Republié of Vietnam, Thailand; New
Caledonia: the tropical Pacific: Guam, Samoa (Savai'i, Tutuila, UMu). Society Islands

. (Raia.tea.AMoo'rea. Tahiti), Tonéa Islands (Tofua); Micronesia and Vanu;lu;lscychcll¢§ and

o
Mauritius.

PHYLOGENETIC RELATIONSHIPS. In leaf structure L. octoblepharioides is closcly related
to the African speéies of Leucophanes, as/ well as the Indo-Pacific L. milleri and L. candidum.
All these species have a.singlé Iaye; of hyalocysts on either side of the chlorophyilous layerr. ln‘ ‘_
;aerfStome features, L.\ocloblqpharioides is closely rclal‘ed to L.bmille"ri, L. angusti folium, L.

' seychellarum and L. serratulum . 1n these species, the, teeth are 'papillosevon both plates, with

capitate papillae arranged around central circular depressions (foveolae).

SPECIMENS EXAMINED. ALTA (3), B (21). BM (63), CBG (12), EGR (12). FH (30). G

(9). H(3), L (92),. M (9), MU (46). NY (15) PC (2). S (41).
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Leucophanes octoblepharioides Brid. guép.' ectoblepharioides

(Figs. 32. 35. 42-44. 66-69. 90-112, 146) -
Type: L. ocloblephlt.zlrloédes' Brid. | | |
DISTINGUISHING FEATURES, This subspecies is chazacterized by its habit of long. narrow
to broad leaves, loosely overlapping; in trinsverse secliqh with one or more than one layer of
abaxial hyalocysts ai base; the peristome distinctly .bapillos‘c-f oveola(;; spores verrucate o

short-baculate, the verrucae or bagulac ornamented with granular depositions. * .

HABITAT. Plants of L. octoblephanotdes subsp oaob(epharzoldes have been collectcd on lhe ;

bark ol angiosperms and tree f ems and on decomposmg logs.

DISTRIBUTION. This subspecies has been collected throughout Malasia, Australia, New

Guinea, Solomon Islands, Vanuatu and Fiji.

SPECIMENS EXAMINED. ALTA (1), B (1), BM (12), EGR (1), FH (3). G (4). L (17). M

(2). NY (1), S (5). - ~
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- Figs. 90-98. L. ocio} epharioides subsp. octoblepharioides.

Fig. 90. Vegetajive leaves. Scale=1 mm (Taiwan, Sin 128, L).
Jcale =100 um. (Samoa, Fleischer B1189. B).
\

M| hyalocysts of the léaf . Scalg = 50 um.

.' ‘ '. Lectotype, B: Sotomon Islands, Dissing 2807, 1.).
~ Fig. 95. Transverse section of stem. Scale =50 um. -
Figs. 96-99. Tran;versc sections of leaves. Scale = 50 hm.
Fig. 96. Basé. (Society Islands. Moore 71, BM: Java, lsot_v.pc, M. Sumalra‘. \’Nijk.
" 1362, L; Kuala Lumpur, Wood 1276, BM). o ‘ .
- K. 97. Midleaf. (Java, Fleischer 56, S;' Fiji, Salazar 3716, ALTA, PMA; Java,
Schiffner 10409, L).
Fig. 98. Atend of lamina. (Java, Kurz, M),

Fig. 99. Apex..(lava. Fleischer 56, S).
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.Eigs. 100-108. L. octoblepharioides subsp . oct‘oblcpharmdn.v
Fig. 100. Perigonium. Scale=0.5 mm. (Java, Fleischer 96, S).
Fig. 101. Perichactialleaf. Scale =0.5 mm. (Ibid. 100). "
Fig. 102. Calyptrae. Scale=0.5 mm. (Java, F?e:schera 1898 S: Java BM).
an 103-104. Capsules. Scalc—O’S mm. (Java Blume, L Kuala Lumpur, Wood 1276,
BM: Java; Holle, L; Java. L), . oy
("Fig. 105-108. Sca|e=1:o um. (Kuala Lumpur, Wood 1276, BM).
Fig. 105. Transverse section of seta.
Fig. 106. Exothecial cells.
Fig. 107. Rim cells.

Fig. 108. Stomates.
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’
Figs. 109-112. L. octoblcpharblduvlubw. octoblepharivides. Peristome papiliose-{oveolate. u
© (Vanuaw, Selazar 493, ALTA. PMA). '
Fig. 109. Scalczsoxum. |
"t Fig. 110; Scale =20 um.
| Figs. 111-112. Snote ornamentation.
“Fig. 111 Scale=4um. | o
Fig. 112, Scale=1 um.
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Leucophanes octoblepharioides Brid. subsp. meijeri Salazar- Allen subsp. nov.

& - - (Figs. 113-130. 146)

I

Wl YPe: "West Borneo, Sarawak, limestone hill near Bau. Leg. W. Mcijer. No. B12368. Dat.
6-1960." Ll!; Paratypes: W. Borneo‘{Sarawa‘k, limestone hill near Bau. Leg. W. Mcijer No.
B12382. Dat. 6-1960, L!; W. Borneo,LSarawak. limestone hill near Bau. Leg. W. Meijer. No.
B12386. Dat. 6-1960, L!; Borneo-East Borneo, E. Kutei, district Muaramuntai. Peak o}
Balikpapan (G. B+ «w! S0 m alt. éoll. W. Mecijer. No. B1421 a. dd. 3-7, 1952, L.!": N.
I;Borneo. Tawau k 1= uRiver Forest Reserve. Leg. W. Meijer, No. B10755. dat. 9-1960,
L!; 1200 Borneo, Saia~ak, 1911. Native collector, L!, M!). ‘
’DISTINGUIS\’HING FEATURES. This subspecies is characterized by its tall habit of long
narrow, curvé (aréuate) to squarrose leaves, in some ;)opulalions (e.g. from Thailand) clo;cly'
Eesembling those of Exodictyon and Exostratum; the leaves tumid by the inflated hyalo_c}’sfs
(less so than in L. candidum), in transverse section, with the costal area covered from basc 1o
apex by a.layer of inflated hyaline cells; the seta 6.0-12.0 mm long and the spores paraiso‘polar,
grossly verrucose to short-baculate. Under the SEM the verrucae or short baculac are ‘composed
of a lhick column with irregular deposition of globular material at the distal end.

HAB]TAT. Leucophanes octoblepharioides subsp. meijeri has been collected on living trees, on

sandstone and other rocks of unknown nature in the forest, and on soil. <

A~

/

DISTRIBUTION. This'subspecies has been collected thoughout Indonesia, in Borneo, where it
is reported from North Borneo in the Tawau River Forest Reserve: in East Borneo at the Peak
- of Balikpapan (G. Beratus), also in West Borneo, in Sarawak near Bau and at Bako National

Park; in Java and, in Sumatra at Padang. This subspecies has also been collected in Sri Lanka.



Figs. 1!3- 126. L. octoblepharioides subsp. meijeri.
| Fig. 113. Vegetative leaves. Scale=1 mm. (N. Borneo, Meijer B12368, Type, L).
‘Fig. 114-116. Abaxial hyalocysts of leaf. Scale =100 um. (Ibid. 113).
Fig. 114."Base.
Fig. 115. Midleaf .
Fig.ll‘6. Apex. .
Fig. 11'}-120. Transverse sections of the 1eaves.‘Scale= 100 um. (Ibid. 113).
Fig. 117. Base.
Fig. 118. Apex.
Fig. 119. Midleaf .
Fig. 120. Above midleaf.
Fig. 121. Young calyptra. Scale=0.5 mm (capsule also). (Sarawak, native colfector 1200,
L).
Fig. 122-126. Sporophyte.
Fig. 122. Capsule. (Ibid. 113).
Fig. 123, Sllomal'es..ScaleisO um: (Ibid. 121).
Fig. 124. Rim cells. Scale =50 um. (1bid. 121)
Fig. 125. Transverse section of seta. Scale 50 um. (Ibid. 121)
Fig. 126. Exothecial cells. Scale=50 um. (Ibid. 121).
#

-
)
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Figs. 127-130. L. octoblepharioides subsp. meijeri. (Borneo, native collector 1200, M).
Fig. 127-128. Scale=50 um. | |
Fig. 129. Quter surface of teeth. Scale=20 um. ; K *

Fig. 130. Apex of calyptra. Scale =50 um.
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and Thailand.

| SPECIMENS EXAMINED. BM (2).G (2).L (12), M (1), NY (1), S (1).

Y}

Leucophanes octoi)leplurioides Bﬁd. subsp. whittieri Salazar- Allen subsp.’ ‘nov.
(Figs. 52-53, 131-146) - _ .

Type: "Yap: Yaptbwn. Altitude 100-150 feet. Coll'. H.A. Milier & H.O. Whitt#r. Date 17
August 1960. No.1252." MU!; Paratypes: "Yap: Yaptown. Altitude 100-150 feet Coll. H.A.J
Miller & H.O. Whittier. Date 17 August, 1960. No. 1230, 1254. MU!
DI'STINGUISHl}VG FEA'I"URES. This subspecies is characterized by its‘wh'i[ish-gr’een -
appearance, flexuose stem, leaves erect and slightly twisted with a brpad hyaline base; in “
transverse section with a single layer of hyalocysts on each surface of the c‘hlorophyllous layer,

I .
a narrow costa with two distinct guide cells; the peristome is papillose-striate.

HABITAT. Plants of this subspecies have been collected on the bark of angiosperms and tree

ferns.

DISTRIBUTION. Leucophanes octoblepharioides subsp. whitfieri is Testricted to the islands of p)

Micronesia,

SPECIMENS EXAMINED. MU (3)!



Sty

Figs. i3l~l45. L. octoblepharioides subsp. whittieri. (Yaptown, Millet & Whittier 1252, Type,
MU |
‘Fig. 131. Vegetative leav.es. Scale;O.S mm '
Fig. 132-134. Abaxial hyalocysl‘s of leaf. Scale= 50 um.
Fig. 132. Base. |
Fig. 133. Midleaf.
Fig. 134. Apex.
Figs. 135-137. Trans;}erse sections of leaves and stem. Scale =100 um.
Fig. 135. Base. 7
Fig. 136. Midleaf .
Fig. 137 Apex.
. Fig. 1'3_8. Transverse section of stem.
Fig. 139. Perigonium. Scale=0.3 mm.
Fig. 140. Calyptra. Scale =0.5 mm.
ngs. 141-145. Sporophyte.
Fig. 141. Capsules. Scale=0.5 mm.
Fig. 142. Exothecial cells. Scale =100 um.
Fig. 143. Stomates. Scale =100 um.
Fig. 144. Rim cells. Scale= < um

Fig. 145. Transverse sec Scale =50 um.
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Fig. 146. Distribution of L. octoblepharioides.
@ Subspecies octoblepharioides.
O Subspecies meijerii.

€ Subspecies whittipri.
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Leocophanes angustifolium Ren. et Card.

(Figs. 17, 27,41, 70, 71, 147-173)
-
Rev. de Bot. 9:395.1891. Type: "Hab. Bourbon. Leg. Rev. Rodriguez”. (Lectotype: "Tronc

pourris Bourbon. Rodriguez. 74c”, PC-Ren!; Isotype: PC-Card, (2 specimens)!. S-ex Ren!).

‘Leucophanes denticuspis C. Muell. ex Dus.. K.Svensk. Vet. AK. Handl. 28(3): 16. a-b. Fig.
43.1896. Type: "Habitat in Cam'cr{mia in truncis arborum, ubi prope Basse pagum m. Octobri
a. 1890. Collecti Dusén”. (Lectotype: "Ad Basse pagum Camerunia a P. Dusén. truncis
“arborum 29/x/1890." S-Dusén! Isotype: S!. M!).

'Le'ucophanes massartit Ren. & Card., Rev. Bryol. 23: 99. 1896. Type: Java. "Forét de
; o
Tjibodas; sterile (No. 1545). Leg. Massarti”. (Lectotype: "Java: Forét de Tjibodas. Leg.

»
Massarti, 1895. No. 1545", PC-Card!; Isotype: PC-ex Ren!).

Leucé;;hanes prasiophyllum Besch., Bull. Soc. Bot. France 45: 56. 1898. Types: "Tahiti. 4¢
herbor., No. 216; 8e herbor., i’*lo. 217. Leg. J. Nadeaud”. (Lectotype: not selected; Isotype:
"Mousses de Tahiti. Coll. No. 1. 216. Leucophanes prasiophyllum Bésch.‘RRR. Tahiu. lLeg.
Dr. Nadeaud ", S:ex Roth!; Syntype: not seen).

Leucophanes tahjticum Besch.. Bul. Soc. Bot. France 45: 57. 189%. Types: "Tahiti. 2¢ herbor.,
No. 218; 3e herbor., No. 219 bis. Leg. J. Nadeaud". (Lecloly.pc: "Nadeaud No. 2197,

BM-Besch!; Isotype: S!: Syntype: not seen).

Leucophanes mayottense Card., Bulis Herb. Boiss. ser. 2, 4: 113. 1904. Type: “Comores.

Mayottc, Mont Sapéré (Marie; herb. Bescherelle, sub nom. L. hildebrandtii C. M.)" .



.

(Holotype: PCY; Isotypes: H Broth!, M-ex Corr!, NY-Mitt!, S-H. Moll!).

NOMENCLATURAL NOTES. There are .three specimens from La Réunion (Bourbon) in PC.
Two are from Cardot's herbarium and one from Renauld's. T;wo of the specimens have a ‘
handwritten (presumably Ren.uld's) number "74c", whereas the third one is not numbered.
The sclected leﬁlotype has a hand’-wriuen label that reads on one side: "Tronc pourris”, on the
other side, "coussinets lacher, non bombes ", one-of the isbt)'fpes has a label that reads: "ad
truncos putredos”. The other isotype has only the locality, "Bourbon”. Despite these
differences in labelling, the three spedmens appear to be part of a single collection and are
treated as such in the lectotypification.

No potential type material of L. prasiophyllum was present among the types f ;om BM.
There is a specimen at S which corresponds to the protologue's locality and number. It is here
considered a duplicate of the potential type, thus an isotype.
DISTINGUISHING FEATURES. Leucophanes angustifolium is characterized by loosely to ‘
densely foliose planfs. with erect to curved leaves, costa pcrcun;nt to short éxcurrent, and
slightly dcmale‘t/)n abaxial surface at apex. The lcaw;'cs are long lanceolate, acuminate to
rounded obtuse, erect to _t Eurved. plane at apex, keeled t;elow; margins strong, serrate in
upper third to half the length of the leaf, faintly serrate to smooth below; hyaline lamina,
occupying the lower 1/6-1/3 of leaves; transverse section _.of leaf with a central to subcentral
layer of chlorophyllous celis surrounded, on each side.’. by one or more layers of porose hyalinc
cells. These layers formed by irregular occurrence of transverse walls in the hyalocysts. Costal
area naked at base or covered by a layer of abaxial hyalocysts; apiqal portion of costa enclosed
by hyaline cells; in.transverse secliop with 1-7 layers of abaxial sreids and 1-4 on adaxial side
-(stereids, at base, reachiﬁ? both surfaces with no cover of hyaline cells).

L. angustifolium resembles L. octoblepharioides in the elongated narrow ieaves, their

narrow insertion, and their loose ?Jverlapping nature. Leucophanes angusti folium, thaugh, has
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longer and narrower leaves» with a thicker costa and, in transverse section, the abaxial and
adaxial layees of hyalocysts are multisiratose. Renauld & Cardot (1891) pointed out the
differences with L. rodriguetti: "Diffiere du L. radrlgl;ezu 6:\1011. de Bourbon par ses touffes
lAches non bombées, ses tiges plus courtes, scs quin;s étrotte linement acuminées aiguss. A
nervute'excurrod'i; dis_tinctemetﬁ dentées dans la moitié supérieure et par le marglb relativement
plus large”. In 1895, Ret;auld tompared L. angugt folaum with L. hildedrandiii: "Cette espéce se
.distingue aisémc'n'l. a piemicr_e vue des L rodrigugzﬂ C. Mull. et Hildebrandni C. Mull. par ses
feuilles plus allongées (5-7 mill., au lieu de 31722 S mil.). trds aigues au son'wmel. et & marge
dcmicufé". It can bc"added that L. angusti folium does not have the wide pores (more than $ um

in diameter) nor the erose, sharply spinose apex ih_at characterize L. hildebrandtu.

v

»
bESCRlPTlON. Plams 10 3 cm tall, robust, densely f oliate in compact turfs. Stem
orange-brown, in transverse section 115.0-150.0 um in diame'ler", irregularly tvriangular to +
round with central area of large medullary cells surrounded by a layer of small cortical cells.
Leaves (3;7)49-8.7(10.0) mm long, 0.4-0.7 mm wide. erect to curve above midleaf, loose 10
t closely overlapping when dry; erect spreading to curve spreading when moist; long
lanceolate, acuminate, from a narrow ovate base, keeled 10 3/4 of its len-th, plane above;
transverse sectian with a centrAl layer of chlorocysts surrounded on each side by 1-2(3) layers .
of hyalocysts; hyaline lamina to 1/.5-1/3(1/2) the l'ength 'of leaf from base. uni- to bistratose,
5-.§ cells wide;/margins plane, serfate in upper lhird, teeth single or. tq pairs, in ‘gﬂnsversc
se&ction uni- to multistratos;:;’ coﬁ‘a percurrent, in _surface viéw on adaxial side, éoncealed by
multistratose nature of leaf . Spinose on &ck at apex; in transverse section at base, costa located
in groove formed by bulging hyaline cells or completely enclosed by them, composed of 1-2
layers of adaxial hyalocysts that cover 1-§ layers of adaxial stereids, two guide cells continuous y

" with central chlorophylious layer: 3-5(6) layers of apaxial stéreids, exposed or covered by 1-2

layers of porose hyalocysts at base and at midleaf; hyalocysts in suNace view on abaxial

surface, at base, 20.0-37.5(54.0) um long, (12.5)15.0:22.5(27.1) um wide. rectangular to



‘ B ) v . . v
./} : T .

. <

Figs. 147-¥61. L. angustifoliu‘m. (Samoa, Schultze-Motel 3642.’8; Scycﬁelles. -Ericksor;. S)
Fig. 147. Vegetative leaves. Scale=1 mm. :
liig. 148. Apices. Scale=75 um. (Samoa, Eleiscl{er Bl186, B; Japan, Iwatsuki 2892, ECR;
Cameroon, Dusen, Type, §). |
Fig. 149. Transverse section of stem. Scale =100 um‘. (Samoa, Schultze-Motel 3375, L).
ﬂ‘Figs. 150-152. Abaxial hyalocysts of leaf. (Ternate, Beccari 110, L).
Fig. 150. Base. ) /
Fig.7151. Midieaf.
Fig. 152. Apex.
g Figs. 153-159. Tramsverse sections of leyaves. Scale =100 um.
 Fig. 153. At insertion. (Tahiti, Nadeaud 219, BM).
Fig. 154. Above 153."
Fig. 155. Above 154. ‘ ' -
_Fig. 156-157. Base.' (Wiji, Salazar 3723, ALTA, PMA).
Fig. 158. Apex. (Mayotte, Marie, M; Samoa, Schultze-Motel 3492, B; Java, Zippelius,
hL,,)'
Fig. 159-160. Middle. (Nadeaud 216, S).

Fig. 161. Leaf-tip gemmae. (Java, J. Moller, L).
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Figs. 162-170. L. anguszzjblmm.
Fig. 162. Perichaetial 12af. Scale=0.5 um. (Fernate, Beccari 110, ALTA, PMA).
Fig. 163. Hyal‘bcysts of pe;ichaetial leaf. Scale=50 um.
~ Fig. 164. Calyptra. Scale=0.5Tam.

Fig. 165-170. Sporophyte. (Kuala Lumpur, Wood 2, BM).
Fig. 165. Capsules. Scale=0.5 mm.
Fig. 166. Transverse secﬁon of seta. Scale;SO um.
Figs. 167-168. Exothecial cells. Scale =100 um.
Figs. 169. Rim cells. Scale= 50 um.

Fig. 170. Stomates. Scale= 50 um.
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Figs. 171-172. L. ahguslifolium. Peristome papillose-foveolate. Scale= 20 um. (New Guinea,
\ f

Beccari 110, L).
L 4

Fig. 171. Outer surface of teeth, - T

Fig. 172. Lateral view of tooth.
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quadraté to + hexagonal, buiging and wider on both sides of costa, longer at margins near . -
insertion with few pores on surface walls; at midleaf, 20.0-41.5(56.8) um long, 10.0-25.8 'um

» wide, rectangular to long or short hexagonal; at apex (7.5)12.5-17.5(25.8) um long,
(4.3)‘7.5-‘12.5( 17.5) um wide.'oblong to rounded -quadrate. Gemmae oblong to clavate,
composed of 6-9(10) cells, papillose, branched or unbranched at base. Rhizoids orange -red
papiliose. X

Dioicous, female and‘male plants morphologically similar, though males tend to be

more slender. Perichaetial leaves not differentiated. Archegonia iﬁ groups of S or more.
Perigonial leaves differentiated, 0.9-1.7 mm long completely enclosing the antheridia, ovate

" from a broad overlapping base; antheridia terminal in groups of mére Lh;n 5.Calyptra2.5-2.7
mm in length, cucullate, red and papillose at apex, stramineous below. Sporophyte lerminél,
mondsetous; seta 8.6-9.6 mm long, dark-orange io brown-red.' sinistrorse, + papillose at distal

‘o

third, srﬁooth below, in transverse section 75.0-112.0(125.0) um in diameter; operculum , . -
0.8-1.1 mm, long subulate rostrate, capsule 12 10 2.3 mm long, @ark-red, darker at rim, e'rect~
to subinclined, cylindrical to oblong -cylindrivcé-l. gradually narrowing to sela' th‘rough a short,
pépillose neck; exothecial cells (37.5) 50.0-95.0(100.0) um,lon?. 17.5-22.5(27.5) um wide, |
rectangular to quadrate, in longitudinal rows, + thin walled; /im cells .7;5-15.0 um long,
7..5-12.5 um wide + hexagonal, in 4-5 horizontal layers; stomata superficial, 12-16 in rumber,
-restricted to neck of capsule, (12.5)20.0-25.0 um long; 20.0-25.0 um wide; peristome teeth
137.5-172.5 um long, yellow-;range, inserted under rim of capsule, strongly papillose on both
plates, papillae capitate around éemral circular depressions. Spores 15.0-20.0 um in diameter,
under SF:M papillese on the distal face, nearly smooth on the proximal face.
HABITAT. Leucophanes angustifolium has been collected on rbtten logs, on trees, and on rocks
in moist forests from l'owlanﬁ to altiiudes of ca. 2000 m. In Vanuatu and Fiji, L. angustifplium |
has been observ.ed growing in lowland tropical rain forests on tree ferns, and dicotyledonous

trees and shrubs. .
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L}
This specit_:s has been observed in mixed colleclioné associated with L. octoblepharioides.,

L. glaucum and L. hildebrandtii.

DISTRIBUTION. Australia; India; Japan (Ryukyu Islands); Taiwan; in S.F. Asia and the
South Pacific in Malesia, Democratic Republic of Vietnam, Thailand, Society. Islands (Tahiti),
* Samoa (Savaii, Upolu, Tutuila); Africa: Republic of Cameroon, Ghana., Republu of

Tanzania, Comoro Islands (Mayotte), La Réunion, and Seychelles (Mahé)

PHYLOGENETIC RELATIONSHIPS. Leucophanes angusti folum is closely related to L.
octablepharioides in habit and leaf cell size. Leaves of L. angusti foﬂum arc longer and narrower
(ath)'pies) than those of L. octoblepharioides and the pores-are smaller in sizc (apotypy). In

| some populations, pores on transverse walls are few and slit-like. It is here considered that L.
angustifolium is derived from a L. octoblepharioides-like ancestor, the mullisualosé condilion
(apotypy) of the leaf developing Ia;.er in evolution.
VARIATIONAL PATTERNS. Variations in number of cells on cach layer are observed in mz;ny'
specimens of L. angustifolium. Some leaves have mostly a single layer on each surface with
scattered transverse walls at base and a more pronounced multistratose comiition above middle.
In others, the multistratose condition is found thr(;ughout the leaf giving‘vil a thicker
appearance.

There is also a trend related to the costal area. In s;me populations, the costal area is
exposed. at base and covered by hyalocysts at middle. Other populations - have the costa covered
at insertion, and above middle to apex (in here is included the former L. tahilidm Besch.).
There are populations of intermediate forms with the costa covered to different degrees and

also a variable multistratose condition. No formal taxonomic rank has been given to these

modifications.

-



Fig. 173. Distribution of L. angustifolium.
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SPECIMENS EXAMINED. ALTA (4), B (20), BM (8), DUKE (1), EGR (4), FH (13). L
- (23). NY (7). PC (8). 5 (19).

Leucophanes milleri Salazar-Allen, 3p. nov.
(Figs. 45-46, 174-195)

Holotype: "Palau. Forested Hills behind Cocoa Plantation Babelthuap, Ngatpang. Altitude
400- 500 fect. Coll. HA Miller, No. 8106." MUY, Isotype: MU!. Paratypes: "Palau:
Babelthuap, above Ngatpang, in forest. Alt. 600 feet. Coll. Lee S. Dutton, No. 63, MU!;
"Palau: Forested hills behind cocoa plantation, Babelthuap, Ngatpang. Alt. 400-500 feet. Coll.
H.A. Miller No. 8087, 8130, 8136, MU!; Palau: Summit of Island Eastern koror. Alt. ca. 300

feet. Coll. H.A. Miller, No. 8266, MU!).

Plantae robustae dense et late caespitosae albo-virides (in sicco stramineae. sericeo- nitentes )"
caulis erectus ad 6 rﬁm altus, fohatus; folia (4.5)5-8.5 mm longa et 0.5-0.8 mm lata, arcuata, -
in sicco arte imbricata, patentia ubi humida.‘lanceolata. acuminata, carinata ad basim, in
sectione transversali stratum cellularum chloroph‘yllg,r\.um utrinque strato cellularum
hyalocystarum circumdatum; rﬁargine recurvo ag'ﬁ.;‘sip\ﬁ:\';)arum serrulgto. cellulae hyalocystae
usque 27.6-56.0 X 15:6-30.0 um ad basim folii e\A}Eﬁ) 20.0-42.7 X §.5-145.3 um ad apiccm
folii. Dioicum, folia perichaetialia cum lamina angl;sm-lanceolala. hyalina usque apicem.
Archegonia numerosissima, plantae mascﬁlinae non visae. Sporogonia .lerminalia. seta 7.1-10.0

.mm alta, sinistrorse, rubro-fusca; peristomii simplices, dorsaliter et ventraliter foveolati

lanceolati; sporae 10.0-15.0(17.5) um.

DISTINGUISHING FEATURES: Leucophanes milleri is characterized by its robust,

overlapping, foliose habit, with long abaxial hyalocys.ls; in transverse section, with onc layer of
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hyaline cells on cach surface of the chlorophyllous layer; sporophytes with a long capsuie and
seta (10 10 mm long). the peristome of narrow elongated teeth distinctly foveolate on both
plates; spores short-baculate. the bacula-like processes ornamented with granular depositions
and projecting distinctly from the spore surface.
v

DESCRIPTION. Plants robust 10 6 cm tall. shiny, densely foliose. Stem orange -brown,
branching single, in transverse section, rounded to irregularly triangular, 192.0-200.0 um 1n
diameter with large medullary cells surrounded by one layer of cortical celis. Leaves
(4.5)5.0-8.5 mm long. 0.5-0.8 mm widc., curve and closely overlapping when dry, slightly
spreading when’ moist, lanceolate. keeled 3/4 of their length, plane above, in transverse section
with 3 smgle laycr of chlorophyllous cells surrounded, on cach surface, by one la)cr of
hyalocysts hyaline lamina 1/7-1/5 the length of leaf, 8- 10 cells wide, unistratose, margins
recurved below, + plane above, sharply serrate at apex, teeth single; with 1-9 rows of stereids,
uni- to multistratose wider at insertion and with 2-3 orange-red, incrassate cells. costa
percurrent, abaxially spinose in upper 1/4; in transverse section with 1-2 layers of adaxial
stererds . 2 guide cells continuous with the central chiorophyllous layer, 4-5 layers.of abaxial
stereids, co?cr-ed. at apex, by a layer of hyaline ccll;; hyalocysts in surface view, on abauial
~side, at base, 27.6-56.0(68.8) um long, 15.6-30.0 um wide, longer and narrower near margins;
quadrate to rectangular; at middle 22‘5-55.7(63.0) um long, 10.0-20.5(24.0) um wide. oblong
to irregularly long hexagonal; at apex, (16.6)20.0-42.7 um long, 8.5-14.3 um wide. rectangular
1o oblong or irregularly hexagonal, some with round bulging end walls. Gemmae cl;valc 10
elliptical, tapering to inscrtiori. papiliose, variable in number of cells. Rhizoids orange-red,
papillose.

Dioicous, perichaetial leaves two, the innermost small, narréw-lanccolalc 10 3.5 mm
long, with a hyaline area that extends to near apex, a second leaf longer but with a brqad
hyaline lamina; archegonia in groups of more than ten. Male plants not seen. Calyptra 1.9-2.5

mm long, cucullate, orange-red at apex, light yellow below. Sporophyte terminal, monosetous,



Figs. 174-186 L. miller:. ‘
Fig. 174. Vegetative Iuvés.‘Scalc=l,5 mni, (Yaptown, Miller & Whittier 8106, Type,
- MU). . P
Fig. 175-177. Abaxial hyalocysts of leaf. Scale= 100 um (also for stem section).
(Micronesia, Duttcn 63, MU). ]
Fig. 175. Base. . N
Fig. 176. Midleaf.
Fig. 177 Apex. (Ibid. 175-177 & Type)-
Fig. 178. Transverse section of stem. (Ibid. '175_177).
Figs. 179-181 Transverse section of lcav?s. Scale =100 um.
Fig. 179. Base. (Ibid. 175-177).
Fig. 180. Midleaf. (Type).
Fig. 181. Apex. (1bid, 177). ;
Fig. 182. Perichaetial leaf. Scale =0.5 mm. (Ibid. 175-177).
Fig. 183. Hyalocysts of perichaetial leaf . Scal.ez S0 um. : ‘ '
Fig. 184. Calyplra.x. Scale=0.8 mm. (Type). v
Figs. 185-186. Sporophyte. (Type).
Fig. 185. Urmn. Scale =0.8 mm.

Fig. 186. Exothecial ccllt..= 100 um.
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Figs. 187-190. L. milleri. (Yaptown, Miller & Whittier 8106, Type, MU).

e

Fig. 187. Capsule. Scale =0.8jnm. ’
Fig. 188. Rim cells. Scale= S0 um. | \
Fig. 189 Stomates. Scale =50 um.

Fig. 190. Transverse section of seta. Scale= 50 um.
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Figs. 191-194. L. milleri. Peristome papillose-foveolate. (Micronesia, Dutton 63, Type, MU).
Figs. 191-192. Peristome, outer surface. Scale =50 um.

Figs. 193-194. Detail of perisiome teeth. Scale=20 um. -
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seta 7.1-10 mm long, red to brown -red, sinistrorse, papillose at distal end; operculum 0.7-0.9
mm long, subulate rostrate; capsule 2.0-2.6 mm long, orange-red to brown-red, erect to
inclined, gradually: narrowing (o seta when dry; exothecial cells (19.3)41.‘2-89.2(99.0‘) um long, -
14.8-35.3(44.5) um wide; rim cells 9.3-24.1 um long, 4.8-8.0(12.8) um wide, in 4-5 narrow,
horizontal Tows; stomata 15-27.5 ym long, 22.5-25.0 um ‘wide.‘ 18-20 iﬁ number; pgris:ome wﬂith
a prostome 2-3 cells ixigh. the teeth 18:5 .0-190.0 um long, orangc-réd. in>serled.. foveolate

. papillosc on both plates, papil‘l.ée clavate, projectihg from the margins. trabeculae clearly |
distinguished on both plates. Spores 10.0-15.0(17.5) um in diameter, spherical 'lvo ii‘r'egﬁlarl)' :

triangular, paraisopolar, papillose-baculalé. under SEM, pa'pillae'omamemed with granular

-y
depositions, and projecting from surface of spores.

HABITAT. This species has been collected on angiosperm trees in the forested areas of Belau
(Palau Islands).

h
¥ 3

DISTRIBUTION. This spties appears 1o be endemic to Micronesia. It is known only from

B Belau (Palau Islands). - \,

PHYLOGENETIC RELATlONSHIPS. Leucophanes milleri is closely related to L.

. octob;epharioides. 1t shares with it the symplesiotypies of the leaves, in transverse section, '
composed of a single la;er of hyalocysts on each side of the central chlorophyllous layer, a
co§ta with two guide cells and the strongly foveolate pefis'tome teeth. It differs from L.
octoblepharioides in its robﬁst habit, shiny appearance, densely foliose stem with the leaves

closely overlapping and in spore ornamentation.

SPECIMENS EXAMINED. MU (9).

-



Fig. 195. Distribution of L. mitleri.
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Leucophanes Qeychellarum Besch.
(Figs. $6-57, 78-79,196-21])

Ann. Sc. Nat. Bot. ser 6, 9:337. 1880. "T,\"pe: "lles Seychelles: Mah¢, G. de L'Isle.”
(Lectotype: BM-Besch!. Isotype: BM1).

. ,

NOMENCLATURAL NOTE. T‘hcre are'two specimens at BM that correspond 1o the

: desc,riplion:givcn in'lhé protologue. One speciimcn ffqm Bescherelle's herbarium is pasted on
the same card with two other specimens from a collection by Verville. The sccond specimen
:;ppears in a sepatate herbarium sheet with a handwritten note: "Bescherelle’s handwriting? °
Type?". The first specimen has been selected as the Lectotype and the second appears lo.bc a

duplicate of the type specimen, andso, has been considered an lsotypé. '

DlSTJNGUlSH{lNG FEATURES. Leucophanes seychellarum is characterized by.ils long narrow
stif f leaves; erect when dry, slightly spreading when moiAst, with sharp to minutely dentate
margins, the prominent and sharply serrate costa and its b"ulging hyalocysts with‘strongly
) conca>ve surface walls; the dorsal hyalocysts, in transverse section at apex, are so inflated' that
the chlordcys’ts layer lS dose.r. 16 the abaxial surface.
DESCRIPTION. Plants 10 2.cm tall, in compact turfs, whitish-green to brown-green. Stem
dark orange to red-by_own, 100.0-112.5 um in diameter, in Lransverse section + triangular to
circular \ﬁ‘large medullary cells surrounded by a layer of small + thick-walled corlical‘ cells,
l;ranching sympodial. Leaves 2.2-5.5 mm long, 0.1-0.5 mm wide, stiff, erect-patent to +
curved sideways, when dry, slightly spreading when moist, narrowly lanceolate, écuminatc,

keeled through most of their length, plane above, in transverse section, with central layer of

chlorophyllous cells surrounded, on each surface, by one layer of inflated hyalocysts; hyaline



Figs. 196-210. Leucophanes seychellarum.
Fig. 196. Vegetative leaves. Scalé:l mm. (Se&mhclles, Waterfall 1.910, BM).
Figs. 197>-198. ~Abaxial hyalocysts of leaf . Scale=100 um.
Fig. 197. Bagc‘. (Ibid. 196 & G. de L'Isle, Type, BM).
Fig. 198‘. Midlc;f». (Type).
Fig. 199. Apex. (Ibid. 197).
* Fig. 200. Transverse section of ste;n. Scale =50 um. (Seychelles, Waterfall 1910, BM).
Figs. 201-205. Transverse sections of leaf. Scale= 100 um.
Fig. 201. Base. (Ibid. 197).
Fig.l202. Midleaf. (Ibid. 197).
Fig. 203. Apex. (Ibid. 197).
Fig. 204. Pcrichaélial leaf. Scale=0.5 mm. (Seychelles, Horne 6‘96, BM).
Fig. 505. Hyalocysts’ of perichaetial leaf. Scale =100 um.
Figs. 206-210. Sporophyte. (1bid. 204). «
Fig. 206. Urn. Scale=0.5 mm.
Fig. 207. Exothecial cells. Scale =50 um.
Fig. 208. Stomates. Scale = 50"um.
Fig. 209. Transverse section of seta. Scale =50 um.

Fig. 210. Rim cells. Scale =50 um.
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Figs. 211-216. L. seychellarum (Seychelles, Horne 696, BM).
7 Fig. 211. Pores on abaxial hyalocysts at apex. Scale = 50 um.
Fig. 212.Peristome. Scale= 50 um.
Fig. 213. Outer surface of peristome. Scale =20 um.
Fig. 214, Inner surface of peristome. Scale =20 um.
Fig. 215-216. Spore ornamcnlalion.aalc;d um. -
Fig. 215. Equatonal face.

Fig. 216. Proximal face.
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lamina 1o 1/3-1/2 the length of leaf from base, unistratose, $-8 cells wide; margins recurved
from shoulders to base, plane abov’e with 3-5 rows of stereids, uni- 1o multistratose, minute to
ﬁarp{y serrate (o shoulder, particularly female plants, teeth single; costa strong, pcrc.;rrcm...
abaxially spinose at apex, the teeth in rowé. in transverse sectiop with one layer of hyaline cells,
1-2 layers of adaxial stereids, two guide cells and 2-6 layers of abaxial stereids; Ayalocysts in i
surface viéw, on abaxial side, at base (22.5)30.0-35.0(70) um long. 12.5-27.5 um \Jidt
rectangular to quadrate; at midieaf, (17.5) 25.0-50.0 um long, (10) 12.5-20.0 um wide,
rccwngglar at apex, (15.0) 17.5-37.5 (42.5) um long, 10.0-12.5 um wide, rectangular to
quadrate; hyalocysts with few porcs on surface walls at base. Gemmae fusiform to clavate,
papillose, variable in number of cells, tapering to basc. Rhizoids orange-red, warty- papillose.
| Dioicous, female gametophores with strongly dentate Ieave; otherwise similagto male
gamclophorcs perzchqgual leaves lo 2.8 mm long with a lamina that extends®o near apex;
archegonia in groups of’g fLo more 1han 5 per penchgﬂun“cngomal leaves two, oval with a

broad shcathmg basé coﬁ‘}lng tf;g aiqbend? % n\groummo or Wethan 10; ad jacent
' | & 40 3/&;?}5 lenw leaf from

vcgeumve luvcs sho’ﬂer and with & iyd;h ]pmma llﬁ; ¢
t .g‘&‘

base. Calyptra 1. 7 mrﬁ loniiont mksuregxcm ). cd

. N K

stranimous\bclow Smylyrﬂcnynﬁ mon&cmus %kut N lf m long b}own red,

sinistrorse, s th op@rculum subulate xostrate* M‘I 2 mm long. cyhndncaL to

. an‘ pap;]losc at apex

penng to se;a by a shon neck dakcr at rim and at insertion, erect;

L

oblong -ellipfica

exothecial cdl oS5 b(62 5) W long 12. $-22.5 um wide, rectangular 1o oblong hexagonal,

. rfjwaped in 3 4 honzonla] rows,«slomam superficial in lower portion of capsule

.ﬂ?s 0um Iong 25 0 32.5um w:dc 14-16 in number; peristome teeth

flac ornamented with ‘trregular granular depositions.

g
A v
4 g
- i .
~ +
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HABITAT. This specigs has been reported as a corticolous epiphyes, particularly in the inland
forests of Mahé. Although some cullections appear to be from higher elevations ( "Morne
Seychellois, Congo Rouge”, Norkett's.n. 10 Oct. 1973) no altitudinal data is given on the

labels.

N

i¥]

DISTRIBUTION. All lhé specimens examined are from the island of Mahé. 11 1s considered

that th:sspecics is endemic to the Seychelles.

PHYLOGENETIC RELATIONSHIPS. Structurally, L. seychellarin is markedly similar to L.

e,

octoblepharioides and L. angusufolmm The lcaves in their m»bn superf icially resembie

3

those of L. hildebrandtii bul unlike it, the leaf margmﬁdﬂ&ly serrate and the apex 1s not
tion of the leaves also resemble

- spinose-erose. Size and shape of hyalocysts and transv

those of L. serratulum. ‘o R i

SPECIMENS EXAMINED. BM (3). M (1), NY (2)... \

¥

LY

Leucophanes serratulum Fleisch.

(Figs. 80-81, 218-233)
Nov. Guinea 8(4): 741. 120. 1914. Type: "Niederlindisch Neu-Guinea: Biwik Hollandia an
der Nordkuste au der Humboldt-Bay (f‘.lcfer. Gjellerup juli 1910). No. 27ii. 2£." (Lectotype:
"Holl.-Neu Guinea auf (illegitle) Holz bei Hollandia. Leg. Gjellegup 27a", FH-Fleisch!;
Syntype: "Niederl. Neu-Guinea. Hollandia. Leg. Gjellerup”, FH-Fleisch!; Mosyntype: NY!,

o

L!).

NOMENCLATURAL NOTE. There ase three specirhcns in FH that correspond to the



Fig. 217. Distrig&lion of L. seychellarum.

N
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c;escriplidn of the protologue. Of these, two are labelled "27" and "27a". The spécimeh
originally labelled "27a" has been corrected in red pencil to read "27" while one of the
specimens labelled "27" has been relabelled "27a". The two specimens now under "27" appear
to be part ot: the same collection. One of these specimens, the sample originally labelled "27a"
was selected as the icctotype for the species, its duplicate as the isotype.
DISTINGUISHING FEATURES. Leucophanes serratulum is chgractérized by a robﬁst, densely
foliose habit; lca‘ves. closely oJerlappin‘g wh;:n dry, + spreading when n;oi‘dislinclly falcate;
mar;;ns sharply serrate at apex wilh_si’ngle or double teeth; the calyptra cove;ing‘ capsule at |
dehiscence; its synoicous condition is unique wilhinﬂ the genus.

This species ;cserri]bles L. candidum in its robuﬁt. tall, densely foliese habft‘and alsg in
the }ransverse section of the legvcs having one laysr of hyalocysts on each surface :)f the central
chlorophyllous layer. Unlike L. candidum the margins in L. serratubum are ;trongly serrate, the

(A
costal area is prominent and sp‘nose on back. o -

»
-

-

DljiSCRIPTlON. Plants 10 6 cm tall, in densely f olio‘e turfs, whitish glbssy when dry,
whiti‘sp,__-greén when moist. _Sten; reddish-brown, erect, flexuose, branches in pairs; transverse
section of the stem, 237.5-275.0 um i.n diameter w‘ith large medullary cells with _+ thick walls,
surrounded &y a cortex of small thick - walled cells. Leaves, 4.3-6.1 mm long, 0.7-0.9' mm wide,
closely overlapping at basé, spreading above middle when dry, distinctly falcate when moist,
lanceolate to oblong lanceolate tapering to an acuminate to acute apex, keeled lhrouéhout, in
transverse section with a single layer 6f rhombox'd-shaped chlorocysts surrounded, on each side,
by one layer of hyalpgysts, these with rounded surface Walls; hyaline lamina 10 1/4-1/5 the
length of leaf, 35 cells wide, margins re\voiute,.in transverse section with 2-3 rows of stereids
uni- or mixltistratosg. narrower at base, strongly §efrate with single or paired teeth; costa .
strc'mg. excurrent, aPaxiallay Spinose throughout, teeth in rows, exposed on ;daxial surface from

base to apex, in transverse section composed of a single layer’gf @adaxial hyalocysts, 2-5 layers



Figs. 218-230. L. serratulum (New Guinea, Gjellerup 27, 27a, Type, FH). -
' 'Flg", 218. VegeL;uve leaves. Scale=1 mm. . "
Eigs. 219-221. A_béxial hvalocysts. Scale=100 um.
Fig. 219. Base.
‘Fig. 220. Midleaf .
Fig. 221. Apex. é
Fig.v 222, Transve}se section of stem: Scalez"lOO um,
Fig. 223-225. Transversc section of leaves. Scale = 100 um.
Fig. 2237 Base. |
' Fig. 224, Apex.
_ -Fig. 225. Midleaf .
Fig. 226. Calyptra. Scale=0.5 mm.
Fig. 227-230. Sporophyte. ‘
Fig. 22?. Capsules. Scale=0.5 mm.
Figs. 228-230, scale=100 um.
Fig. 228. Rim cells.
Fig. 229. Exophecial cells.

]

Fig. 230. Stomates. .
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Fig. 231. Pores on apical hyalocysts, adaxial surface. Scale =% um. -

. J
. v .
K . .

Fig. 232. Habit. ~ - A Sy

Figs. 231-232. L. serratulum (New Guinea, Gjellerup 27, 27a, 'I'g
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of adaxial stereids, 2 guide cell: continuous with central chlorobhyllous layer, and 2-§ layers of
abaxial stereids, at base, near insertion, stereids forming a continuous band from abaxial to
adaxial surf acés. or restricted to abaxial side of guide cells: hyalocysts in surface view, on
abaxial side, at base, 25.0-55.0(62.5) um long, 20.0-25.0 um wide, rectangular to quadrate to
hexagonal; at midleaf 25.0-37.5 um long, 12.5-17.5 um wide., recungular o mcgularly '
hexagonal; at apex, 22.4-44.2 um long, 8.8-20.5 um w1de oblong to quadratc pores on surface
walls single, few at base and apex. Gemmae not observed. Rhizoids red-_ brown, papillosc.
Synoicous, éan;elangial leaves not differentiated, archegonia and antheridia numerofis;
calyptra cucullate, red and papillose at apex, stramineous below, remaining attached {o capsule
after dehiscence; sporophyte terminal, mono- or polysetous; seta 6080 mm long, orange-red,
sinistrorse, faintly papillo;e throughout; operculum 1.2-1.3 mm long, subt;lale rostrate; capsule
1418 mm long, red to orange-}ed,_darkcr at rim, oblong-cylindrical, smooth, e.rect to
subinchined. gradually contracted to seta when moist, abruptly so ye_n dry, irregularly
constricted under mouth when old and dry; exothecial cells 25.0-€7.5(82.5) um long, 15.0-25.0
um wide, rectangular, thin-walled, rim cells 10..0~25.0 um long, 5.0-15.0 um wide irregularly '
hexagonal to quadrate; stomata superficial in lower portion of urn, 2215-27.5 um long,
22.5-30.0 um wide, 22-28 in nﬁmber; peristome teeth 87.5-100.0 um long, orange-red to
red-brown, both plates strongly papillose-foveola/te with capitate papillae, inner plate slightly
thicker lhanfouu:.r plate, prostome 2-4 cells high. Spores 12.5-20.0(30.0) um, oval to sphcrical,‘
papillose under SEM verrucate to short-baculate with granular ornamemanons over the

verrucae or shon baculae.

'
.

HABITAT. The "0'_1\11)’ report is from the type specimen that was collected on dead wood.

DISTRIBUTION. This species is only krown from the Type collection from Humboldt Bay,

West Irian (New ‘Guinea), Indonesia. I appears to be endemic to this area.



Fig. 233. Distribution of L. serratulum.
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‘PllYLOGENETIC RELATIONSHIPS. Ssscturally'. L. serratulum appears to be closely related
1o L. milleri, L. octoblepharioides and L. seychellafum. The hyalocysts are rectangular and with
rectilinear walls; the leaves, in transverse section, have a single layer of hyalOC)'lSlS on each side
of the chlorophylious layer and, the surface walls of the hyalocy;sts are stroﬁgly convex. The

peristome with its plaleslslrongl)' papillose-foveolate is closer to that of L. octoblephgrioides

and L. milleri.
SPECIMENS EXAMINED. FH (3), L (1), NY (1).
Leucophanes rodriguezii l‘lcn. & Card.
(Figs. 26 234-251)

Bull. Soc. R. Bot. Belg._33(2)\'113. 1895. Type: "Hab. Bourbon (Rodriguez).- (Renauld,

Musci masc. mad. exsicc., no. 110)." (Isotypes: S-ex Ren!, FH-ex Ren!, W-ex Ren!).

NOMENCLATURAL NOTE. The species was first named by C. Mueller in a letter. Renauld
and Cardot (1895) validly published it giving a comparative description of the new species to
that of L. hildebrandtii. Two specimens from Renauld's herbarium are in Farlow Herbarium
(FH), another one is in Stockholm (S) and a fourth one in Wien (W). The sarr.lple in S has a
hand-\;vriuen label with the exsiccata number ("No. 110") mentioned in the protologue. Its
habit also resembles L. hildebrandtii somewhat with which it was compared. The specimen in W
also have the exsiccata number on the label although this is written in a different color of ink,
perhaps added later. The other two specimens from FH do not have a number on their label but
they appear to be duplicates of the samples in S and W. Since no potential type material from
Paris (PC) has been examined, a lectotype cannot be selected. The four specimens studied are

here considered duplicates of the potentjal type, hence isotypes.
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DISTINGUISHING FEATURES. Leucophanes rodriguezii is characterized by its habit of
compact turfs, erect leaves, stiff to flexuose when dry and moist, strongly keeled throughowt,
goitrous al base with wavy margihs. recurved 2/3 1o 3/4 of their length; costa strong and lhick;/
leaves in transverse section, with a single layer of hyalocysts on each side of the central
chlorophyllous layer, hyalocysts with small pores o 2.5 um in longest diameter; costa enclosed

by hyaline ‘cclls above midleaf .

DESCRI‘FHON. Plants 10 3 cm tall in dense compact turfs. Stem orange-red, crect, branching
sympodial, in transverse section, 137.5-172.5 um ir. diamclc.r, + round with large thin-walled
cortical cells surrounded by a layer of small epidcrmal cells. Leaves 3.6-4.7 mm long, 0.5-0.7
mm wide, erect, stiff looking and loosely overlapping when dry, slightly spreading when ;noisl;
lanceolate, acute to acuminate, keeled throughout to + plane at apex (at times reflexed),
~ transverse section with a central layer of chlorophyllous cclls surrounded, on each surface by

.
one laver of porose hyalocysts; hyaline lamina extending 1/4- 175 the length of the Icaf from
base, uni- 1o bistratose, 2-4 cells wide; margins undulate, recurved below midieaf, plane above,
serrate in upper third, teeth single; 3-4 orange-colored cells at base: costa strong, percufrent,
spinose at apex with small teeth, in transverse section with one lver. of adaxial hyalogysts, 1-2
layers of adaxial stereids, two large guide celis continuous \‘ith:chlorophyllous layer, 2-4 layers
of abaxial stereids (stereid layers extending to both surfaces at base). From midleaf to apex,
costa is covered by one laver of abaxial hyalocysts; hyalocysts in surface view on abaxial side at
base, 25.0-42.5 um long, 20.0-30.0 um wide, irregularly hexagonal to short rectangular to
qQuadrate, at midleaf (12.5) 15.0-40.0 um long, 12.5-17.5 um wide; at apex 15.0-27.7 um long,
7.5-32.5 um w-ide; few hyalocysts with pores on surface walls at base, all with a narrow pore,
2.5 um (longest diameter) on their transverse walls; gemmae not seen; rhizoids papillose,
orange-red. |

Dioicous, perichaetial leaves not differentiated, archegonia in groups of five to more

than five. Male plants and sporophytes not seen.
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Figs. 234-246. L. rodriguezii. . " ‘
Fig. 234. Vegetative leaves. Scale=1 cm. Mauritius, Crosby 5612, L; Bourbon, Rodriguez,

Isotype, W),
Fig. 235. Apices. Scale =200 um. (Bourbon, Rodriguez, Isotype, W). a
B . »"
Figs. 236-238. Abaxial hyalocysts. Scale =100 um. g } .

Fig. 236. Base. (Bourbon, Rodriguez, Isotypd, S, W).
Fig. 237. Midieal’. (Bourbon, Rodriguez, Isotype, S).
Fig. 218. Apex. (Ibid. 236).

Fig. 239. Transvcrse section of stem. Scale =100 um. (Mauritius, Crosby 5612, 1 ).

Figs. 240-246. Transverse section of leaves. Scale =100 um. ..
Figs. 240-242. Base. (Ibid. 234). | - ) a“
Figs. 243-244. Apex. (Mauritius, Balfour, NY; Isotype, W) | “
Figs. 245-246. Midicaf . (Ibid. 239). o
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Figs. 247-250. L. rodriguezii,

. Fig. 248-249. Pores on abaxial hya

T gy

Fig. 247. Habit. (La Reunion, ROdr:fZZ. Isotype, FH)

~ f
ysts. Scale =50 mm. (Bourbon, Rodriguez, Isotype,
L]

S). i
k .
Fig. 248. Apex.
Fig 249. Base. 7
Fig. 250. Transverse section of leaf at middle.'Scale= 20 um.
L . . o 9
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HABITAT. The only information on the h;;bilat is from a specimen in W. It was collected on

rotten logs. This species has been observed, in mixed collectipns, associated with.L. &

angusti folium.

DISTRIBUTION. This species appears to be endemic to La Réunion (Bourbon); Malagasy

Republic, Tananarive; and Mauritius.

PHYLOGENETIC RELATIONSHIPS. Leucophanes rodriguezii in leaf cell shape“’and iﬁ)".fme
single layer ofporose hyalocysts on each side of the central chlorophyllous layer is very close to
L. octoblepharioides. L. rodriguezii though, has broader- leaves; élrongly keeled, with reflexed

margins and, unlike most specimens of L. octoblepharioides the costa is strong and coverw

midleaf .bya léyer of hyaline cells. The pores on transverse walls of the leucocysts are narrow
“ ‘ o~

ks -

and sﬁi}ll when compared 10 those of L. octoblepharioides. Leucokhanes octoblephariodes var.
. ' : ' -
" meijeri differs from L. rod, zii in having a narrower costa that is enclosed, front base o .

apex, by a layer of inﬂated‘ﬁyaline cells. It is considered that L. rodriguezii is.a segregate of L.
> v -

octoblepharioides having developed in isolation (insular'speciation) perhaps in recent times.
Y > s R

SPECIMENS EXAMINED. BM (1), FH (2), G (1), L (2), NY (3). S (2). .

> ~
s

- Leucophanes molleri C. Muell,
b :

Y 4 ,¥
(Figs. 13-15, 16, 18, 20, 234 29, 48, 84-85, 252%286).

~,

5 Sl L o

Flora 69: 285. 1886, -Type: "Patria Af ric% occid. trop. Insula S. Thomé, encostas do Pico; 1900

i

/
/

s s N

alt. inter Thamnium molle.r}fyhstula perpayca inveni ; (Lectotype: "Afr.dccl, ins, S. Thomé °

1885." H-Broth!; lsozype:%§-qug ‘ '
o A

v
3
X

N &4



, o
Fig. 251. Distribution of L. rodriguezii.
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Leucophanes lecomptei Besch., . de Bot. 9: 221.1895. Type: Gabon. French Congo: "Mousse

récoltee aussi par M. Thollon, sur les arbres, dans la forét de Mayumba”. (Lectotype:

[y

BM -Besch!; Isotype: BM-Besch!). -

-

“w.In Cameruniae in truncis ramisque arboru"qg ptrope Batoki pagum

A e ¢ cfr. vetustis et ad Love emporium m. Majo a. 1891 c.fr. Iegi."
S LI '
N ok, trad. 14/10, 90. No. 117, S-Dusén!; Isotype: NY-Uggla (2 specimens)!;
. : . ] : .
Syntype: S!). “ v . . L) C ' A "‘)

.

‘ “Leucophages calymperaceu)n C. Muell. ex Dusén., K. Svensk. Vet. Ak. Hand!. 28(3): 17 a-b.

: t
Plate 00, Fig. 39. 1896. Type: "Habitat in Camerunia in truncis ramisque arborum, ubi ad

g
Bomanan pagum 670 m. supra mare m. Decembri a. 1890 legi.” (Lectotype: "Africa occ.,

\merunia ad Bomanan pégum c. 670 m.s.m. in truncis ard. Decembr. 1890. P. Dusén",

, ws-Dusé:n!; Isptypes: S-Dusén!, H-Broth!) . o ' s

[}

)
i

Leuco};hanes oblu;vatulum C. Muell. ex.ﬁsén, K. Svensk. Vet. Ak. Handl. 28(3): 17. a-e,
Pl'ate 00, Fig. 40. 1896. Type: "Habitat in Camerunia in truncis arborum, ubi ad Ekundu Ndenc _
emporium et ad Ndian empqr‘ium m. Martio a. 1892 leéi". (Lectotype:‘ Kameron, Fkundu

N'dene 3 (1892). Leg. P, D :sén. No. ‘76.6". S-’D;l§én!v; Isotypes: BM-ex Dusén (2 specimens)!, -

NY- Uggla®(3 specimens)!, S-Dusén (3 specimens)g; Syntypes: S-Dusén!, NY-Uggla!: M

f
‘

.

Leucophanes caly;nperatum C. Muell., Malpighia 10: 570. 1896. Type:_ ;?gg‘?Geo;getown ad
cataractas "Marshall falls" fluvii Mazaruni a. Cl. J. Quelch collecti." (Type. ot seep).

P

Leuc;;phanes horridulum Broﬁ{f, Bixll. Misc. In?J(ew. 136-137. 1898. Type: "Ashanti,

Cummings.” (Lecgptype: "Ashasiti Expedition &95@6’; Leg. H.S. Cummings”, H-Broth!;

& ’,
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Isotypes: S!, BM!),
\ - <. ' " »
Leucophanes brasihense Broth., Dcnck }kad Wnss 83/ 279. .|,924ﬂpe Brazil, "Sao Paulo

Prope Raiz da Serra ad arbores in silva prn)?genb. 20-50 m s.n. (699). In silvaticis ad R”

o~ )y
Mambu in districtu urbis Conceigao de ltanhden ad arbor 00 ms. m (1434) Leg

'Schif Tner. (Lectotype: "Brasilia. Prov. Sao Paulo. In saf\fmims ad Rio Mam’bu in dismcnﬁ‘b'ls"“ "

T
Ooncexcao deltanhaen cca. 100 m.s.m. a¢ arbores. vi. 1901 Lgt. V. émfﬂg%er H-Broth!;

o

"*lsotype BM!; Symype BM!).

Le?cophanes mittenii Card."in Par., Ind. Bryol. ¢d. 2, 3: 192. 1905. Basionym: Octoblepharum

A anguslifollum"Mm. J. Linn. Soc. Bot. 12: 110. 1869. Type: Ecuador, "_Andes Quilenses, fl.

Vsbécics indicatcd thifTact: "L. calymperaceo C. Mull; e Camerumo valde affinis."” It appears

Napo, Vllla jQ." (Lectot)'pe' "Andes Quitenses, F1. Napo, Villavicenzio. Leg. Jameson",

NY- Mm' Isotype: FH-Bartr!, St). . »

- ) 4
NOMENCLATUR“, NOTE. Of the nine names known for the species, five’ wqc originally

assigned by C. Mv‘r Two of these, L. moller: and aym vaidly publ;shed ,

4
by Mueller and the other three by Dusén. L. molleri is the oldest legitimate name for thé species
- . ’ 3
and thus, has priority over the rest (ICBN, Art. 11).

»
«

Leucophanes brasiliense f irst describ‘ by Brofﬁeru§ﬁom a specimen from Brazil is

structurally similar to the African populations of L. htol?ér ‘gmtlierus in his description of the

L

that Brotherus gave more wexght to the geographical location of the specimen than hs ‘'structural

affinities in erecting a new spe'cies-k)r the Neotropics.
1

’7 : . - )

" DISTINGUISHING FEATURES. Leucophanes molleri is characterized by its narrow, slender,

flexuose to erect-stiff leaves, slightly spreading when dry and moiSt; narrowly lanceolate, acute.

to.rounded obtuse,10.emarginate or + obcordate, apex bent backwards in some specimens,
“ . 4 .
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lcavcs:ﬂléd below, + plane above, with 3-4 red-orange colored cells at insertion; hyaline ;

Y{‘

lamina occupyipg 1/3-1/2 the length of the’leal’; transverse section with ong layer of hyalocysts
on the’:gb‘xial and adaxial sides of the central chlotophyllous layer; costa narrow, exposed

throughout to covered by hyaline cells above midieaf . '

r

¥ -

~

DESCRIPTION Plants to 4 cm tall in loose to dense tuifs, white- green ‘when dry, light green

when moxst S‘;m red to brown-red. flexuose, in transverse section (100)112 5-162:3 xmw\ o Yo

| oin
. glameter wnfh large ﬂdullary Mfssurrdhnde@ by one la)"er &l rhiek - walled cortical cells.

Leaves 3.0;5.3 mm long, 0 4-0.5 mm wide, Yoosely overlappmg emcl and &+ tw:sled above

midleaf when dry, slightly spreading when moist, narrowly lanceolatc broadly acute to rounded

P4 .
obtuse to i truncate to ematgmdle or + obcordate, apex recurved #n some specimens, wuh ‘e

-

3-4 red-colored cells at insertion; in transverse section with one layer of hyalocis.oqcach s:dg‘

‘e

A ’
of- chlorophyllous layer; hyaline lamina 10 1/3-1/2 the length of leaf, 4-8 cells

) . . . u .
irregularly bistratose; margins serrate at apex, in lransvetse section with 1-4 rows of stek:dg

¢ um- 1o’

'\ .
uni- to mulustratose costa narrow throughout, percurrent, e\poscd on abaxnal surface from
®.

bag:‘to apex or covered above midleaf 'bba layer of hyaline cclls in transverse ‘section with oQ

] of adaxlal stereids or none, 2 guide cells continuous,with central chlorophvllous layer and- ' .

* 3-4 layers of abaxial gereids; hyalocysts tn surface view, at base 34.9-61.6(65.5) um long,

F.
19.3-38.2 um wide, quadrate to rectangular; at mMieaf 27.1-63.3(82.5) um long‘ 10.6-25.6 um :
wide, rectangular; at apex 9.1-24.6 um long, 5.0-11.8 um wide quadrate, oblong quadrate to
rectangular, pores on surface walls single more numerous at base, narrow at mi’dleaf and . -

restricted to marginal hyalocysts. Gemmae variable in number of cells, papillose fusiform,

cdlavate, elliptical or slenderly ovate, branched or unbranched at base. Rhizoids orange-red,

. verrucose - papillose.

Dioicous, pericﬁaetial legves not differentiated, archegonia in groups of more than §;

perigoru'a! leaves two, ‘antheridia in groups of 10 to more than 10. Calyptra cucullate, red and

papillose at apex, s‘ynmitbous»below. Sporophyte terminal, monosetous, seta variable in length
' . N



Figs. 252-272. L. molleri. )

Fig. 252, Vegetative leaves. Scale =1 mm. (Cal!oon, Dusen, BM; Dusén 766, BM). |
f.-’ig'. 2"53. Transverse section of stem. (Scale= abgxial hyalocysts). (Cameroon, Dusér&S.: ¢
9 (

Figs. 254-255. Habit. Scalg=2 mm. (Liberia, Lingg231, G), '

B

Figs. 256-257. Apex vagtion. Scale=75 um‘. (Ghdﬁﬁb[Ashgti] Cummings, H; Sdo Tome, |
a. 1885, S; Cameroon, Duseén 117, BM; I)usét; a’i890 S Pa‘nama. Salazar 2983,
ALTA,PMA). - g

Figs. 258-260. Abaxial hyalocysts. Scale= 106 um.

Fig. 258. Base. (Dusén a. 1892, S; Panama, S#Bar 2983, PMA )y
Fig. 259'. Midleaf . (Cameroon, [sotype, BM; Ghana ,[Ashami] Cummings, H).

. Fig. 200. Apex. (Cameroon, Dusén 766, BM; Panama, Salazar 2983, PMA).

Figs. 261-265. Transverse sections of leaves. Scale =100 um. .

Fig_. ?61. Apex. (Cameroon, Dusén Z66. S; Dusén é. 1890, S).

“Figs. 262-263. Base. (Cameroon, Dusén 117, BM; Dusén 766, BM).
Fig. 264. Afr;nd of hyaline lamina. (Cameroon, Dusén a. 1890, S).
Fig. 265..Midlesf . ameroon, Dusén a. 1890, S).

w

Fig. 266. Spdrophytes. Scale=0.5 mm. (Cameroon, Dusén 955/ S: Diisen 117, BM;

Liberia, Linder 231, S). -
Figs. 267-268. Calyptra. Scale =0.5 mm.
Fig. 269. Exotﬁocial_cells. Scale=100 1;m.
Fig. 270. Transverse section of seta. Scale=50um.
Fig. 271. Rim cells. Scale =100 um.

Fig. 272. Stomates. Scale =100 um. - ~
¢

-
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Figs. 273-278. L. molleri. .

Fig. 273. Habit. Scale=35 mm. (Panama, Salazar 3017, AL.TA, PMA).
Fig. 274. Apex with pores on abaxial hyalocysts. Scale>=20 um. (Zaire., Cummings, BM).
,Fig. 275. Apex with leaf -tip gerhmae. Scale=20 um. (Cameroon, Duscf 117, 8).,
Figs. 276-27]. Pores on algial hyalocysts. Scale =20 um.
« Fig. 276, Base. (Sio Thomé, Type, H).
Fig. 277, Apex. (Cameroon, Dusén 117, S)t

- Fig..278. Habit. (Cameroon, Dusén 955, H).






. . "f\\‘e ) '

Figs. 279-283. Peristome of 4 | _
Figs. 279-281. Outer surfg hickenings. Scale 250 um. (Cameroon, Dusén 955, S:

Dusén a. 1890, S). o

:
Fig. 281. Scale=20’]usc'n. 2. 189, S). .

[ 4
Fig. 282. Detail of thickenings on peristomial tecth. Scale=2 um. (CamerW' 117,
' " - . .
S).

Fig. 283. Inner surface papillose -foveolate. Scale =20 um. (Ibid. 282).
-






‘.

Figs. 284-285. L. molleri. Outer surface of peristome as obscrved under the compound

microscope. Scale=20 um. (Cameroon, Dusén 117, BM). '
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to 7 mm long, 75-87.5 um in diameter, red to brown red, sinistrorse, smooth; opérculum 10 0.6
mm long, subulate-rostrate; capsule (1.8)2.1-2.3 mm long, dark o'rangc;réd. darker at rim erect
to horizontal, cylindrical to oblong elliptical, gradua'lly' narrowing o the scta; exothecial cells
25-70 um long, 12.5-25(3;) um wide, rcctahgular 1o quadrate to short oblong, * lﬁin-wallcd;

- atrim 12.5-25 um long. (5)7.5-12.5 um wide, short oblohg to hexagonal in 4-5 horizontal
‘lavers, stomata 17.5- 37 5 um long, 20 37.5 um wide, 16-20 in number; peristome with h)almc
prostome of 3-4 cells high, teeth 145 154 um long, orange ‘red, lanceolate, outer surfacc wuh

- single row of plates at base, these irregularly papillose, papillae arranged in + circular
ornamentations or \y\i.th semi-circular to longitudinal thick‘enings; inner surface bulgingb
papiliose, papillae arranged in i circular configurations. Spores 10-15 um in diameter,
spheric:;l to oval, paraisopolar, densely verrucate ;l the distal surface, the proximal surface less

ornamented.

HABITAT. This species has been collected on the bark of lreé§ (at the base and main trunk),
aqd on decomposing logs. It is mostly a member of the lowland tropical'rain f ores{ .1t has been
collected from sea levél to ca. 1200 m. Dusén (1896) indicated that: "The species of the genus
Leucophanes are not p@rucularly common in the Cameroon colony and, apparently do scarcely
ascend more- lhan 1000) m up the r’h They more specially seem 10 belong 10 the coast
district.” In the Neotropics, most of the collections examined are f ro‘fn’ inland tropical rain
forests belé)w 500 m.

DISTRIBUTION. Leucophanes gwller)‘ is distributed in Africa, f fom the East Usambara
Mountains in Tanzania to the west imovZaire. Sao Tomé island, Cameroon, Ghana, Ivory
Coasl‘ and Liberia. In the Neotropics it is reported in South America from Brazil to the Guianas

and in Ecuador; in the West Ind'ies form Trinidad and Puerto Rico, and, in Central America

from Panama to Costa Rica and Nicaragua.



Fig. 286. Distribution of L. molleri.
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*"rrm.ocmmc kr:mnonsmrs Leucophanes mollert s closely related to L,

| octoblepharlolde: and L hlldebrandrll in htvmg % symplesiotypres of a single layer of

hyalocysts on each side of the chloroﬁhyllous hyer and a mrrow costa, It differs from ‘L.
fucioblcﬁhamldet in ‘ts ﬂexuoa hygline twulucent lookin; leaves. and the truncate to +

obqordate recurved apex and in peristome ornamemauon* Leucophanes lllldebrandm dif f ers

| from L. molhrl in its strongly spinose-erose apex and shorter midleaf oens Leutophanes B - o
) mllen and L hlldcbrandm share the apotyplc features of peristome ornamenlatron wuh gross, "
‘bulging ellrpucal to semmrcular patu:rns oh: the outer plates v | . d
';SPEélMENS EXAMINED. ALTA (3), BM (10). FH (5). G (7). H (8). INPA (3).L (2), M
(1), NY12). PMA (15), S (18). 5P (3). U (15),

N

Leucophanes unguiculatum Mitt.

- " (Figs. 387-300)
J. Linn. Soc. Bot. 7: 150. 1863. Type&:“ "Prince’s Island, at the base of Oil Palms, Bazrter.‘
(Lectotype "Bark of 6%1 palms Princes Is. Barter”, NY-Mitt!; Isotypes: BM-Hook. (3
specimens)!, Welw!, G-ex Welw!, S!):7 |

) bk o~

NO‘VIENCLATURAL NOTE. The type eeUxtion is represented by a robust samele glued t0 a
~ card and three small samples in envelopes~ of l.heéamples in envelopes two have labels with

the type locality, the third sample has a handwmten note, presumably from Mitten, readmg

"Leaf obtuse wrth a recurved minute mucro margm everywhere evrdem (1llegrble) enure oells "
‘alrke and on tjre foldings of the envelope' "Niger Vogel". The three specimens in envelopes "

are thus, part of tWo different collections. Mitten (1863) cited "Niger, Vogel” as a distinct ,,
iocal}ty for other mosses listed in the same publication in which Leucophanes unguiculatum was

described. The specimens with the type locality are con§id_ered duplicates of the Type, hence



-

l,;otypesﬂ The specimen from "Nnger Vogel " is considered a separate colléction, perhaps i
Symype.
'/

DISTINGUISHING FEATURES. Leucophanes unguiculatum is chaLcteriz'N by its robust,
densely foliose habit; the leaves falcate secund, broadly lanceolate fromn a tightly overlapping
base ( ;iglnant), channelled throughout; margins + serrate at apex, (mooth below, éuspidalc 10
Tetuse; tranverse section of the IeaV’Q\wnh a central layer of chlorocms surroynded on each :

~ surface by onc laycr of porose hyalocysts; the costa smooth, excurrent into a curved
(hogkslike) apiculum or a short mucro, in lransversc section with the abaual layer of stefeids
covered by one layer of hyalocysts. | o \\ e ’ ‘ '

L. unguiculatum resembles SuperﬁClally L. candldum in the robust habu the denscly,

f olxose stemand the + curved to lalcate secund leaves. The most dlslmcl differences between
the two are mxcroscopnc. l:l L.“ungm'cularum ({c larnina above the broad basal area 13 narrower,
the margins are smooth and ghe apex is Characteristically cuspidate to retusc with the costa
percurrcm into a hook lxk; ;l;lculum or a short mucro. Leaf cell§ in L. unguwulawm are longcr
and nasrower than in L. candidum. Unlike the latter, no sporophytes have been observed for L.
’unguf'adat;cm* .

Mmcn (1863) first .w attention of its resemblance with other species of
Leucophanes: "A little more robyst than L glaucus or L. octoblepharioides. ftom the more
den_se:ly inserted leaves ", £ hanes glaucum (S;hwaegr.) Mitt. has l}le compact foliose
appearance but it is less robust than L. un;uiadatum, the leaves have a strong spinose costa,
»{baxially exposed, are clearly acuminate and have & sharply serrate upper n_largin. A
microscopic observation of L. glaucum will suff xce ta set it apart from L. unguiculatum.
Sporophytes are also known for L. glaucum. 'S J

DESCRIPTION. Plants to 3 cm tall, robust, densely foliose, in compact turfs. Stem

brown-red, sparingly branched. in transverse section + round 137.5-212.5 um in diameter with

I



L] ‘

Figs. 287-296. L. unguiculatum. (Principe Island, Type. Barter, NY).

Fig. 287. Vegetative leaves. Scale=1 mnt.

Figs. 290-292. Abaxial hyal . SC 160 um.

Fig. 290. Apex.
Fig. 291. Midleaf .

®* ®  Fig. 292. Base.

" Figs. 293-296. Transverse sections of leaves. Scale=100 um.
Fig. 293. At end of hyaline lamina.
Fig. 294. Base. '
Fig. 295. Midleaf .

Fig. 296. Apex. .

J
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. Figs. 297-299. L. w)umm (Principe Island, Type, Barter, NY). Ch=chlorocysts, -
Ge = guide cells, H=hyalocysts, La=lacunae.

Fig. 29‘7 Transverse section of leaf il end of lamina. Scale=20 um.
Fig. 298-299. Leaf cefls. Scale=20 um.

Fig. 298. Chlorocysts and lacunae.
-Fig.\fw. Abaxial hyalocysts at midleaf .






.
.
. : ' : 189
. ‘

large thin-walied cells surrounded by a cortex of small thick - wallgd cells. Leaves 3.2-5.4 mm.
long. 0.6-0.9 mm. wide, closely overlapping. + fakate secund to stifT Mlexuose, curved when
dry. spreading when meist, lanceolate from & broad base, cuspidate, rounded obtuse to refuse,
éhannelod.l.bmuhont; in transverse section with ome layer of adaxtal hyalocysts, a central layer
of chiorocysts, and a single layer of abaxial hyalocysts; Ayaline lamina 10 1/3 length of leaf
unistratose; margins narrow, smooth except for the most apical portion that is slightly dentate;
‘in transverse ncuoa mmpoued of 3-4 rows of stereidi in 1-4 layers; costa ;trp;. smooth,
excurrent into a hook -like apiculum or short mucro; in transverse sectio;l with one layer of
aduiaf hyalocysts, 1-(2) layers of uemds two guide cells continuous wi_th chlorophylious
'hyer. 2-4 layers of abaxial stereids surrounded by an external layer of hyddgym; Ayalocysts in )
surface view, on adaxial side at base, 22.5-75.0 um m,ms-zs.o um widé. ;]uadnte o
rectangular; at midieaf 30.0-72.5 um long, 15.0-25.0 um vide. at gpex 15.0-37.5(50.0) um
long. 12.5-17.5 um vnde marginal hyalocysts porose on surface walls from base to- apex.
Gemmae not seen. Rhizoids dark orange-red. papillose.

Dlo.lam. perichaetial leaves not dif: fctemgnted. archegonia in groups of more than .f ive.

Male plants and sporophytes not seen.
HABITAT. The species has been collected as a corticolous epiphyte on oil palm trees. . |

DISTRIBUTION. Leucophanes unguiculatum appears 1o be an endemic species of West Africa.
The only collections known are from Principe Island and River Niger.

: !
PHYLOGENETIC RELATIONSHIPS. Leucophanes unguiculatush shares with L.
oaouequ.r. L. candidum and most o_r Ee M@ species of Leucophanes the
symplesiotypy of a single layer of hyalocysts on each side of the chiorophylious layer. With L.
candidum it also shares the robust habit-and densely foliose stem. OF all. the species to which it

A\ ]
can be related, | believe it is very close to L. molleri shating the apotypies of the long
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rectangular hyalocysts of the leaf and the retuse to incisyfapex with enlarged hyaline cells.
/

!

SPECIMENS EXAMINED. BM (4), G (1), NY (,4)7. S(1).

./A
ra

Leucophanes h;lﬁebrandtii C. Muell. .

/

- © (Figs. 47, 82-83, 301-324)

Yy i | .
Linnaea 40: 234-235. 1876. T)'ée: "Comoro-insula Johanna, c. 900 met. elevationis, ad truncos
arborum praesertim filicum in sylva umbrosa, Junio- Aug. 1875. Leg. Hildebrandt."
(Lectotype: "Comoro-Insula Johanna. 1875, leg. J. Hildebrandt. Hb. C. Muill.", H-Broth!;

Isotype: G-ex Duby!,‘ NY-Jaeg!, S-Angst!).

DISTINGUISHING FEATURES. Leucophanes hildebrandtii is characterized by its tall, stiff
habit, its leaves + curved to erect, long lanceolate, translucent, smooth margined, acuminate to

broadly obtuse tips and the costa expanded to form a sharply dentatc-erase apex.

DESCRIPTION. Plants to 6 cm tall in dense to loose turfs, lighl-;reen when moist,
;léucous-green when dry. Stem dark orange-red, 92.5-137.5 um in diameler; in transverse
section with a medulla of large cells intermixed with smaller pnes, these surrounded by a layer
of small cortical célls. Leaves 3.%5.7 mm long, 0’.4-0.6 mm wide, translucent, erect, stiff to

curve, loosely overlapping when dry, erect to recurve-spreading when moist; long lanceolate

¥
from an oblong to elliptical base, apex broadly obtuse ‘erose to more or less acuminate, at times,

recurved; keeleﬂ below, plane at apex; transverse section of leaf with a central to subcentral
layer of rthomboidal to megularly triangular chlorocysts, surrounded. on each surface, by one

1ayer of hyalocysts; hyaline lamina occupying 1/4-1/3 the length of leaf from base, um to

1



Figs. 301-316. L. hildebranditii.
Fig. 301. Vegetative leaves. Scale=1 mm. (Comoro Islands, Hildebrandt a. 187’5. Type,
G). ‘ .
. Fig. 302. Calyptra. Scale=0.5mm (Itd. 301).
Figs. 303-306. Abaxial hyalocysts. Scale =50 um. (N. Uluguru Mts., Pdcs 6464/BO, G: Ile
Maurice Bouvier, G). |
Fig. 303. Base.
Figs. 304-305. Midleaf .
! ‘F:g 306. Aipei.
Figs, 367-311; Transverse scétions of leaf and stem. Scale=50 um. (Ibid. 303).
| Figs. 307. Base.
. Fig. 308-309. Midleaf. -
Fig. 310. Apex.
Fig. 311. Transverse section of stem (Ibid. 301).
Figs. 312-316. Sporophyte. (1bid. 301).
Fig. 312. Tra*&se.s:clion of seta. Scale=50 um. |
Fig. 313. Capsul?. Scale =0.5 mm.
Fig. 314. Exothecial ccllS. Scale=50 um.
Fig. 315. Rim cells. Scale =50 um.

Fig. 316. Stomates. Scale =50 um.
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‘ . 3 . P
. ‘ﬂgs. 317-320. L. hildebrandsii (Comoro Islands, Hildebrandt a. 1875, Type, G).

Figs. 317-318. Variations in peristome ornamentation, outer surface. Scale=20 um.
. . U .

Fig. 319. Transverse section of two teeth; inner surface riext to spore. Scale=4 um.

Fié. 320. Spores, equatorial face. Scale=4 um.






Figs. 321-323. L. hlldcbrmidm

: Fig. 321. Habit. (Ulugum Mis., Pécs 6464/BO, G).
‘an 322, Pores on abaxial hyalocysts at apex. Scale= SOum (Comorolslands Hildebrandt
) a1875Type.H) S S =
Fig. 323. Spinse spex. Scale=S0 um. (1bid. 922). © .
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irregularly bistratose, 5-7 cells wide; margins strong, sSmooth to near apex, in transverse section
with 1-6 rows of stereids unistmos: at base, multistratose abave: costa strong, occu;)ying most
of apex and excurrent into a sharp spinose-erose tip, in transverse sectioﬁ with one layer of
adaxial hyalocysts, 1-2 layers of stereids, 2-3 guide cells and 23 layers of abaxial stereids. at
‘base, stereids extending from abaxial to adaxial surfaces, above midleaf the costal area covered
by a layer of hyaline cells; hyglocysts in surface view, at base, 12.5-45.8(67.5) um in length,
12.5-25.0(32.5) um in width, rectangular, quadrate, some oblong-triangular, larger near costa,
with few pores on surface walls, at midleafl 25;0-47.5(60.0) um long, 12.5-20.0 um wide, more
or less hexagonal to rectangular, at apex, 17.5-33.5(40.0) um long, 7.5-12.5 um wide,
revtangular 1o oblong -Gemmae oblong, densely papillose. Rhizoids red-orange, papillose.
Dioicous, male and female plan; rﬁorphqlogically similar. Perichaetial leaves not
differentiated, archegonia tn groups of S. Perigonial leaves three, closely enveloping the
antheridia, these in groups of more than 10. Calyptra 1.2-1.9 mm long, cucullate, smooth, red
at apex gradually becoming orange- yéllow below, cylinder entire. Sporophyte terminal, seta
4.4-5.2mm long, 0.1-0.2 m'm wide, orange-red sinistrorse, smooth; opercylum 0.5-0.7 mm
long; capsule 1.2-1.3 mm long, dark orange to orange-red, erect to subinined., oblong
cylindrical to cylindrical, gradually contracted to seta when moist, sharply so when dry,
papillose at neck. somewhat constricted under mouth when old and dry; exothecial cells
27.5-57.5 um long, 12.5-25.0 um wide, irregularly rectangular to quadrate, with + thick to
thin walls, at rim 7.5-22.5 um long, 10.0-12.5 um wide, darker in color, irregularly quadrate to
shortly hexagonal in 3-4 horizontal rows; stomata 22.5-25.0 um long, 20.0-29.5 um wide, 10-14
in number; peristome orange-red, lanceolate, odtér surface with a single row of plates at base
these bulging and strongly papillose, inner surface with two irregularly defined plates at base,
densely papillose, papillae arranged in + circular conf igurations’. Spores 12.5-15.0(17.5) in

diameter, spherical to oval, +_— triangular,'paraisopolar, under SEM densely verrucate on the

proximal surface, slightly agaamented on the distal one.
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tiritius; Malagasy Republic (Faral angana forest); and in eastern
Tanzania (Ulyguru mountains). This species appears to be an element of the inland tropical

rain forest, particularly at elevations of 800 m to over 1000 m.

- —

PHYLOGENETIC RELATIONSHIPS. Leucqphéne._s hildebrandtii shares with L. molleri and L.
octoble;harioidcs the .plesiombrphies of a single layer of hyalocysts on each side of the
chlorophyllous layer and size of pores on the transverse walls. It also shares with L. molleri the
stif’ f , transfucem looking leaves and the apotypy of peristome ornamentation. l'l‘ differs from L.
oczoblephar:oldes in the str‘)gly spinose-erose apex and smooth margir.s. The costa in L.
htldebrandm 1s enclosed, above mldlcaf by a layer of abaxial hyaline cells like L. molleri, L.
angustifolium and L. rodriguezii. Unlike L. angusti foltum there is no proliferation of adaxial or

abaxial hyalocysts and pores on the transverse walls are larger. This last character also

distinguishes it from L. rodriguezii.

SPECIMENS EXAMINED. ALTA (2), FH (1), G (14). H (8). L (2). M (1), NY(5). S (3).

— -

.

Leucophanes renauldii Card.
(Figs. 88-89, 325-345)
Bull. Herb. Boiss. ser 2, 4: 115. 1904. Types: "Madagascar. Forét d'Alakaty (Perrot fréres):

cercle de Fort Dauphin: district de Mahinpoana (Herb. G. Paris).” (Lectotype: "Madagascar:
Cercle de Fort Dauphfn District de Mahinpoana no. 563, Com. et Paris 1900", PC-Card!;



Fig. 324. Distribution of L. hildebrandiil.
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Syntype: PC-Card!).

DISTINGUISHING FEATURES. Leucophanes renawidli is characterizod by its small size (to 7
" mm ), shiny translucent appearance, its leaves erest-ve curved, broadly acuminate to obtuss,
u_rith spine-like projections forming an erose a~pe‘x. Hyalocysts are short and broadly hengoéal '
to wide recq’ngular. inlbted and wix!) large surface pores The costa is expo@ or covered by
hyalocysts, lﬁue with a narrow pore on their transverse walls. Cardot (1904) in comparing this .
species with L. hildebrandull indicaied: “Diffiere du L. Hildebrandiii C. Mall. avec o loquel on I’
confondu, par sa petite taille, sos feuilles, plus pemes a denticulation apicale moms forte ses
leucocystes supeﬂ:;res plus courtes, careés, bridvement recungulwes ou hexagonales, et ses
chloroc)pu en qénénl distinctement hypgrcemriqué prés du sommet ",

DESCRIPTION. Plants in small turfs to 7 mm tall. Stem orange-red (o orange-brown,
unbranched; in transverse section (75.0)87.5-1(!).0(112.5) um in dinlher 1 trisngular with )
large central medullary cells, surround;d b} a layer of small cortical cells. Leaves ( i.$)3<.0-5.0
mm long, 0.3-0.15;111 wide, erect to curved, loosely overlapping v;rhen dry, erect to curve
spreading when moist; long lanceolate from a %arto,wly ovate to elliptic Basc acuminate -
(particularly young basal leaves) to obtuse-erose at apex; concave at base, plane above, lamina’ ’
with inflated hyalocysts enclosing the costa at midleaf; transverse section with a central layer o
chlorophylious cells, surrounded, on each surface, by one layer of porose hyalocysts; hyali;:e
lamina occupying 1/3 length of leaf from base, uni- to irregularly bistratose, 4-6 cells wide;
margins smooth or with few teeth at apex, in transverse section with 1-3 rows of stere:ds uni-
to multistratose; -oasta strong and excurrently erose at apex, exposéd in a groove formed by the
adjacent, inflated, hyaline cells, at apex, surrobnded by an abaxial layer of large hyaline cells;
in transverse section with a layer of adaxia! hyalocysts, 1-2 layers of adaxial stereids. twovguids
cells continuous with the central chlorophyllous layer, and 2-3 layers of abaxial stereids.

Hyalot)ﬁ in surface view, at base, (20.0)37.5-50.0(57.5) um long, (15.0)20.0-30.0 um wide,



Figs. 325-340. L. rc-unlda.
~  Fig. 325, Vegetative Yeaves. Scale= 1 mm. (Madagascar. Perrot. PC).
Figs. 32- 3{) Abaxial hyalocysts. Scalezlw um. (Tm leuriuu NY). .
Figs. 326-328. Rase. ) o
Fig. 329. Midleaf . T
Figs. 330-331. Apex. - : '
Figs. 332-336. Scale =100 um. h
Fig. 331 . Tnnsvege section of stem. Scale =100 um.
Figs. 333:356. Tn‘nsverse scctions of leaves. Scale =100 um. (Type & Mauritius. NY).
Fig. 333. Base.
” Figs. 334335, Midleaf .
Fig. 336. Apex. |
Figs. 337-340. Sporophyte. (Mauritius. NY). )
Fig. 337. Capsule. Scale=0.5 mm.
Figs. 338-340. Scale = 100 um. *
Fig. 338; Exothecial cells. Scale =100 um.
Fig: 3. Stomates. Scale =100 um.
Fig. 340. Rim cells. Scale= 100 um.
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Figs. 341-344. L. renauldii. (Mauritius, NY).
- *Fig. 341. Basal hyalocysts, abaxial side. Scale =20 umn.
Figs. 342-345. P:rislomc papillose -foveolate.
Fig. 342. flxlemal surf ace( Scale =20 um.
Figs. 343-344, Internal sutt"ace.
Fig. 343. Scale=20 um.

Fig. 344 Scale=4 ym,

-






.

broad hexagonal to irregularly quadrate; at midleaf, (17.5)20.0-37.5 um long, 20.0-25.0(27.5)
um wide, short hexa‘gonal; at apex, (1‘7.5)20.0-30.0(37.5) um long, (7.5)17.5-20.0(25.0) um
wide, quadrate to oblong. Gemmae not seen. Rhizoids orange red, warty ‘papillosc. -
Dioicous, perichaetial leaves not differentiated, a;'chegonia in groups of five. Male
plants not seen. Calyptra not seen. Sporophyte terminal, mpn(:selous‘ seta 3.1-5.2 mm long,
dark-orange to brown-orange, slightl)" papillosc below the neck but otherwise smooth, in
transverse section 73-75 um in diameter wilh a central layer of hyaline cells surrounded by one
to two layers of thick-walled cells; operculum 0.6 mm (onc measurement only ) long, subulatc
rostrate; capsule 1:4-1.5 mm long dark orange red, erect, cylindric, gradually narrowing
towards the seta through a short papillose neck; exorhecial cells 37.5-62.5(70.0) um long,
12.5-25.0 um wide, oblong to irregularly hexagonal; rim cells 10.0-25.0 um long'. 7.5-20.0 um‘-"
_ wide, irregularly qﬁadraie to short oblong; stomata superficial, 10-12 in number, 22.5-25.0 um
long, 22.5-25.0 um wide; peristome teeth 100-112.5 um in length, orange-red, inserted under -
the rim, strongly papillose on both plates, with central c:rcular .depressnons Spores 12.5-17 s

um in dnameter paraisopolar, papillose, under SEM gemmate to verrucate.

DISTRIBUTION. Leucophanes renauldii has a very restricted distribution. 1t has been collected
in the forests of Madagascar at "Cercle de Fort Dauphin” in the District of Mahinpoana, and
from an unknown locality "Alakaty"; also from the French Territories of the Comoro Islands.

-

It appears to be endemic to these areas. ‘ a ' o

PHYLOGENETIC RELATIONSHIPS. Leucophanes renauldii is closely related to L.
hildebrandtii in its habit, m lhé leaves Wilh aﬁ erose, sharply spinose apex, in Lransverse section,
with one layer of hyalocysts on each side of the chlorophyllous layer, and in the size of the
pores on the transverse walls of the hyalocysts. Unlike L. hildebrandtii, but like L. candidum,

surface pores of the hyalocysts in L. renauldii are large and numerous.



Fig. 345. Distribution of L. renauldii. .
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It is my f eeling that L. '-reMu Qaé-derived from a common ancestor to the widely
‘spreaq L. oaoblcphamldes by reducuon u tbe size of the feaf cells accompamed by (or perhaps
the result of) an increase in volume (innmu hyalocy:ts) A better’ undersunding of the ’
phylogenetic relationships of L. renauldu will be greatly dependem on the critical mm:mdon

of further collections.

. SPECIMENS EXAMINED. FH (1), G (1:H (1), L (1) NY(1). PC (3). "
LEUCOPHANES SUBG. Li:lONoms (C- Muell.) Salazar-Allen stat, nov.

Lectolype Leucophanes candidum (Schwaegr ) Lmdb | |

Section Leionotus C. Muell., J. Mus. Godeffroy 3(6): 57. 58. 1874

Section A. Cardot. Me"m.}Soc. natn. Sci. nat. Math. Cherbourg 32. 1-84. 1900. -

Subsection Homostrdsica. Cardot, in.Gravnd. Hist. Madag. 39: 148, 1915,

Plants 10 7 cm tall, in dense turfs; stem erect, foliose, sparingly branched or branches in
2-3(4); léaves broadly lanceolate, squarrose to c;eét and closely vaginant when dry, slightly
spreading wl;en moist, acuminate to achte[curvéd tﬁroughout, with 23 colored cells at
insertion with stem; hyaline lamlna narrow and shorl': hyalocysts + hexagonal, chlorocysts in
sgrf ace view above midleafl °with narrow, elongated lacunae; costa narrow and smboth; margins
serrate at apex 10 smooth; transverse écclion of leaf with one layer of hyalocysts on each éidc of
chlorophyllous layer from base to apex.

Dioicous, perichaeua{ leaves shorter with a wide tubular base covering base of seta,
hyaline through most of their length; hyalocy{:s oblong-hexagonal and with:pores in
‘ longitudinal rows, malé plants similar to female or dwarf; seta to 11 mm long; capsules 2.4-3.5
mm long, cylmdncal pemtoﬂth a prostome 2-3 cells h:gh haplolepideous of 16 teeth;
spores 17.5-20 (22.5) um, densely verrucate to short- baculate, the verrucae or baculae

o

ornamcnted with granulat dcposmons.
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Leucophanpes ‘candidum ( Schwaegr.) Lindb.

(Figs. 12, 22, 36-40, 7677, 346-383)

[ !
[ { )

Basionym: Syrrhopodon candidus Schwaegr Spec Musc. Suppl 1. Vol. 2(2) 105. t. ( 183)
182. Figs. 1-8. 1827. Ty;;e Legu in insula lapania, cl Prof Reinwardt.” (Lectotype: "Eax
insula lapama" di- Remwardl (lllegxble) chrano Remwardn Horns lu b. Leucophanes

squarrpsum Brid. hbor. Amboma G -Hedw- Schwaegr' lsotypes ‘BM-Hook!, BM- \:ﬂson'

GY).

[4 S
. ; v

Leucophanes squarrosum Bnd Bryol Univ. I: 764 1827 Type "In ‘nsula Amboine unde
clar. Dumom D Urvnlle retulit et communicavit caespitosc ad terram habual Donata specimina
fructu carebant™. (Holotype: ‘chranum Amboina. Amboine. Dumont d'Urville. Paris 1825."

B!)

Syrrhopodon cdndidus Hornsch., Acad: Caes. Leop. Nova Acta 14: 701 (1826) 1829. Nom.
illeg. incl. spec. prior;

Didymodon sphaénoides Harv ~der | OB 20 4. 1840, Nom. illeg. incl. spec. spec. prior.

(Syrrhopodon candidus Schw‘ ,

Leucophanes reinwardtianum C. Muel|.. !yn. Musc. Fr. 1: 82. 1848. Nom. illeg. incl. spec.

prior. (Syrrhopodon candidus Schwaegr., 1827).

Leucophanes densifolius Mitt., Bonplandia 9: 366. 1861. Type: Viti Levu. "Seemann inter No.

862; Milne in Hb. Hook." (Type not seen).
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Leucophanes candidum (Schwaegr.) Lindb., Oefv, K. Vet. Ak. Foerh. 21: 602. 1865.

anblepw recurvym Mitt., J. Lian. Soc. 10: 179. 1868. Type: "Upolu, on trees. No. 104,
Rev. T. Powell.” (Lectotype: NY-Mitt!; Isotypes: BM (2 specimens)!; G-Davies!, NY-Mitt.

\

(2 specimens)!: NY!).

Leucophanes recurvum (Mitt.) Jaeg., Ber. S. Gall. Naturw. Ges. 1871-72: 317. 1873, (Ad. 1:

165)(Octoblepharum, 1868).

hY

70cloblepharum densifolium (Mitt.) Mitt., in Seem. F1. Vit. 387. 98h. 1873 ( Leucophanes,
1861).
Leucophanes tetensii C. Muell., J. Mus. Godeffroy 3(6): 57. 1874. Type: "Patria Pelew-Seu
‘ 'Palaus-insulae: Capii; Tetens.” (Lectotype: BM-ex C. Muell!; Isotypes: BM-Hampe!, JE (2

specimens)!, M!, S-Angstr!, S-Roth!).

Leucophanes naumannii C. Muell., Bot. Jahrb. 5: 85. 1883. Type: "Nova Guinea. Leg.

Naumann n.s." (Type not seen).

Leucophanes candidum (Schwéegr.) Lindb. var. densi folium (Mitt.) Dix., Ann. Bryol. 7: 23.

1934, (Leucophanes, 1861). : —~~

NOMENCLATURAL NOTE. In 1827, Bride! erected the genus Leucophanes and described ‘
thre'e species: L. octoblepharioides, L. squarrosum and L. fragile. The second name L. |
squarrosum is a later taxonomic synonym for L. candidum. Schwaegrichen's (11827) publicatiou
of Syrrhopodon candidus appeared ew months before Bndel ] (Margadant 1968). This is also

indicated by S@wacgnchcn (1842) in the last part of hns dxscussnon of S yrrhopodon
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octoblepharis Nééi,‘when he compared this species with specieﬁ of Leucophanes . He indicated
that of the three species'?escribed by Bridel, two 'wcre préviously published by him: "Offero hic
primum octoblepharin, squarrosum est Syrrthopodon candidus supplem. mei 11, 2. 105. 1. 182,
JSragilis est Syrrh. rigescens eiusdem suppl. I1. 103. t. 181.. iam anno 1927'descriptus. u; vidi in
herbario Bridelii". Thus according to the rulcs- of priority Schwaegrichcn'sv name is the valid
epithet for the species. B‘ut. since the species belongs in the genus Leucophanes, Lindberg's
combination L. candidum (Schwaegr.) Lindb. is the correct name and Syrrhopodon candidus
lhe basnonym
) [
'DISTINGUISHING FEATURES. Leucophanes candidum is characterized by its robust plants
with stex';is to 7 cm tall, densc'ly foliate, lustruous whi(e;grecn. 10 beige-green to yeliow -green,
leaves tumid by inflated h;ralocysts. squarrose above mjddle 10 falcate secund or erect, lightly
covering stem ‘( vagjnant), channeled throughout; transverse scdion with A single layer of
hyalocysts on each side of chlorophyllous layer, costa\‘ narrow with 1-3 layers of stereids on
abaxial surface and one to noné¢ on adaxial side..p-c:res on transverse walls of hyalocysts large;
seta to 2 cm long. ‘ | ‘
~ v
DESCRIPTION. flarus to 7 cm tall in dense, robust turfs, lustruous whitish- grcén. Stem
orange-red, erect, sparsely branched, in transverse section more or less round, 125-200 um
Qide. the central arcé composed af large, parenchymatous cells, abruptly changir;g into small
thi&k-wallcd cortical cells, Leaves 3.0-7.3 mm long 0.7-1.4 mm. wide, closely overlapping .
stem with their bases, in S or more TOWS, squarrosc spreading above mndlcaf to erect patent or
falcate secund when dry; slightly spreading when moist, broadly lanccolate curved throughout,
with 3-4 orange-coiored basal oejls; transverse ’secuon with a central layer of chlorocysts
' surrounded on each side by one layer of hyalocysts; hyaline lamina narrow, extending to |

1/8- 179 the Iength of leaf from base, unistratose, 1-3 cells wide; marglns 1 undul’atc smooth '

to shghtly serrate in upper, third, teeth single or paired, in transverse section uni- to



Figs. 346-357. L. candidum.

ans 346-348. Vegem:ve leaves. Scale=1 mm. (New Guum, Djamhari 45, L
Philippines, Ramos 23745, L; New Guinea, van Zanten 277, L)

Figs. 349-352. Perichaetial leaves. (Malaya, Robbins 3701, L; Samoa, Krauss 1295, L).
Fig. 349. Scale=0.5 mm.
Figs. 350-352. Scale=0.8 mm.

Fig;. 353-354. Basal hyilocysts of perichaetial léaves at X. Scale; 100 um.

Fig. 355. Perigonial leaves. Scale=0.2 mm. ( Phi;ppincs. Hale & Banaag 25079, L).

Fig. 356. Dwarf male. Scale=0.2 mm. (Ibid. 355)..

Fig. 357. Antheridia. Scale =200 um. (Ibid. 355).
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Figs. 338-358. L. candidum. Abaxial hyalocysts. Scale = 50 um, ‘
Fig. 358. Base. (Philippines. Foxworthy a. 1906, ; Sumatra, Teysmann, L).
Fig. 359. Midieaf. (Philifipines, Foxworthy a. 1906, §; Teysmana, L.
Fig. 360. Apex. (Philippines, Foxworthy a. 1906, ; Ramos 23745, ).
Fig. 361. Calyptrae. Scale 0.5 mm. .
Figs. 362-368. Sporophyte.
Fig. 362-363. Capsules. Scale=0.5 mm. (Philippines, Ramos 23745, L).
Fig. 364. Transverse section of seta. Scale =50 um. (N. Borneo, Meijer B12498, L).
Fig. 365. Exothecial cells. Scale=100 um. (New Guinea, Darbishire & Hoagland 8358,
B; Teysmann, L). »
Fig. 366. Rim cells. Scale=50 um. .(New‘Guinea. Darbishire & Hoagland 8358. B;
8050, B). g o

Fig. 3_67-368; Stomates. Scale =50 um. (Sumatra? Teysmann, L),
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Figs. 369-374. L. candidum. Scales=20 um.
Fig. 369. Transverse seclion of stem and »l‘eaves. (Schultze-Motel 3416,-B).

Figs. 370-372. Leaf.

Fig. 370. Surface pores on abaxial hyalocysts. (Brunei, Richards 57/7, L).

.Fig. 371. Transverse section at apex. (Schultze-Motel 3416, B).
Fig. 372. Surface pores on basal hyalocysts. (I1bid. 372).

- Figs. 373-374. Peristome. (New'Guinea, van Zanten 277, L).

"
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Figs. 375-378. L. candidum. Perisiome.

Figs. 375-376. Outer éhrface. Scale=20 um. (N. Bofneo. Meijer B124§, ).

Fig. 377. Inner surface. Scale=10 um. (W. Borneo, Wipklgr 3097, L).

Fig. 378. Lateral view of teeth, outer surface to the right. Scale=10 um. (New Guinea,

van Zanten 277),






¢
Figs. 379-382. L. candidum.

Fig. 379. Outer surface of peristome under light microsc,;opy. Scéle=25 um. (New Guinea,
Darbishire & Hoagland 8358, B). !
Fig. 380. Habit. (Philippines, Ramos a. 1915, L).
" Fig. 381. Lateral view of peristome tooth and prostome. Scale =25 um. (Ibid. 379).

Fig. 382. Transverse section of leaf at base. Scale =20 um. ( la;;ania?. Reinwardt, BM)
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multiagatosé; costa percurrent to shortly excurrent, smooth. in transverse section composed of
one layer of adaxial hyalocysts, two-guide cells continuous with central chlorophyllous layer
and l 3 layers of abaxial stereids; hyalocysts, in surface vrew on abaxial surface at base, |
) 25- SO( 62.5) urn long, 20-37. 5 um wnde rectangular 1o short hexagonal to oblong tnangular at
-midleaf 25.0-45.0(62.5) um long ( l7 5)20.0-25.0(30. 0) um wndc oblong hexagonal atapex
20.0-42.5 um long, (12.5)20.0- 25 0(37.5) um wrdc oblong hexagonal Gemmae not seen.
Rhizoids orange-red, denscly papillosc

Dioicous Narchegonia in groupé of :5' or more, perichaetial Ieaves‘.erect ~loosely‘
overlapping to 4 .6 mm. long and O 4 mm wide wilh long tubular base, ughtly covermg basal
poruon of seta, mostly hyaline to near upper 1/3 hyalme cells with narrow vertlcally senate
pores. Male plants slender and smaller (to 2 1/2 cm tall); dwarf males present. Perlgomal
leaves three with a broad sheathmg base Innermost pengomal lef hyalme throughout except -
for upper 1/4 that has a unistratose layer of chlorocysts Calyplra cuculate 2.6-4.0 mm long,
red at apex, stramineous below, paprllose in upper portion smooth below. Sporophyte
termmal appcanng lateral by innovations; seta to 1. 1 cm. long light orange to dark
brown- red. sinistrorse, smooth; in transverse section 92.5-100.0 um in diameter; operculum '
long rostrate 1.3-1.4 rnm long; capsule 2.4-53.5 mm. long brown-red to orange-red, darker at
rim. cylindrical to oblong cylindrical, gradually narrowing to seta by a papillose neck, slightly
constricted at mouth; exothecial ‘cells 25.0-112.5 um long, 20.0-.27.5 um wide, oblong to
irregularly hexagonal; rim cells 10.0-25.0 um long. 7.5-15.0 um wide, rhombidal-hexagonal to
rectangular to quadrate or oval, in 4-5 horizontal layers; stomata superficial, 12-14, .
- 20.0-27.5(32.5). um long. (20.0)25.0-27.5(37.5) um wide; peristome with a prostome 2-3 cells
high, teeth 200;250 um long, orange-red, inserted under rim of capsule, strongly papillose on
: both surfaces, dorsal pl:te at apex of teeth smooth to nbarly smooth; trabeculae clearly seen
although ’narrow, papillae clavate to capitate. Spores 17.5-20.0(22.5) um in diameter,

paraisopolar, granular. under SEM densely verrucate to short- baculate:
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HABITAT. Leucophanes candidum is epiphylic on trees, rocks (limestone, sandstoné lava
boulders and fragmented volcanic rock) docomposmg logs and on sonl It has been reported
f rom limestone cliffs along sea shore (Royen #5456, New Guinea) to inland tropical rain
forests at altitudes of 1000 meters. It has been observed in mixed collections with L. candldum

L. glaucum, and L, octoblephanotdes

DISTRIBUTION. This species is distributed in Malesia, northern Austtalia New Guinea,

Solomon Islands and and the islands of the iropical Pacific.

PHYLOGENETIC RELATIONSHIPS. Leucophanes candidum is ciosely related to L.
| ung:'aiculazum and L. octoblepharioides. The transverse section of the leaf with one layer of
inflated hyalocystg,on each surface of the chlofophyllous layer, the hyalocysts with large pores
on their transverse walls and the narrow costa are characters sharéd with L. unguiculamm. The
size aﬁd shape (hexagonal with linear wa{lls) qf the hyalocysts are similar to those of L.
: Mpblepharioides subsp. meijeri..." ‘ |
The peristome of L. candidum is densely papillose somewhat like L. ocloblephanotdes
allhough it does not have the foveolate pattern characteristic of lhe latter specics and it is mofe Q
arli‘cula,ted at the base. Unlike L. octoblepharioides, therc is a trcnd_ in_‘ the perisxor;ue of L.
candi&um 10 become smooth at the apex. Smooth peristome plates are observed in some specie’s
) like L. seyéhellamm and in L. glaucum subép.vim'i. |

The combination of apotypies: tumid leaves, closely vaginant, squarrosc spreading 1o

falcate secund or erect, and the lack of leaf -tip gemmae are unique for this species.

VARIATIONAL PATTERNS. Leucophanes candidum is morphologncall‘ a very plastic species.
)
Vanauons in leaf orientation are observed within individual stems, the basal leaves being

squarrose ‘whereas the upper ones are ¢Ject-patent, the reverse pattern also occurs. There

appears to be no geographical correlation with populations cxmbitmg these variations nor is



Fig. 383. Distribution of L. candidum.
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there a significant number of specimens with cnuc:l eoologiul data to correlate habitat

conditions and vanauons in gxowth -forms. It is my feeling thal various factors may be
responsnble for the variations observed. Among these are: (I) A heterogeneous gene pool, (2)
incomplete dominance, (3) pleiotropic genes affecting comron developmental processes, (4)
growth-form being affected by many genes, a case of polygenic inﬁeritance. and (5)
developmental ;)r epigenetic constraints related to microhabitat conditions. Growth

experiments, under controlled environmental conditions, will certainly give some information as

- 40 the possible causes underlying these variations in growth-form.

SPECIMENS EXAMINED. B (29), BM (67). CBG (4), EGR (2), FH (6), G (29). H (2). L

(179), M (19), NY (31). PC (1). S (72). U (15).

iEUCOP-HANES SUBG. TRACHYNOTUS (C. Muell.) Salazar- Allen stat. nov.

Lectotype: Leucophanes glaucum ( Schwae‘) Mitt.

 Section Trachynotus C. Muell.. J. Mus. Godeffroy 3(6): 57. 58. 1874,

Section B. €ardot. Mem. Soc. natn. Sci. nat Mathy Gbsrbourg 32: 1-84. 1900
Subsection Heterostrdsica Cardot, in Grand. H(s,( M@d;g 39: 148. 1915,
\ L)
\J -
Plants 4 cm 1all in densely foliose turfs, stem sparingly branched or branching in 2-3; leaves

lanceolate from a narrow to broad base, stro_nglyizwisted to flexuose and loosely overlapping

- when dry, slightly spreading and less twisted when moist; acuminate, + keeled throughout,

hyaline lamina occupying 1/3-1/2 length of leaf; hyalocysts rectangular to irregularly hexagonal

-with strongly sinuose walls; cMorodsts in surface view above midleaf with short-oval lacunae;

costa broad, strongly spinose to smooth in upper 1/3; transverse section of leaf with 2 layers of

* abaxial hyalocysts at base. Dioicous, male and female plants similar, perichaetial l&aves not

- differentiated, seta 5-8(15) mm long; capsules1.4-2.3 mm long, cylindrical, peristome with a

prostome 2-3 cells high, haplolepideous of 16 papillose-striated to smooth leith; spores 17-22.5
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um, under SEM verrucate with a ¢ distinct reticular pattern or with scattered verrucae.

Leucophanes glapcum (Schwagegr.) Mitt.”

-
'

Basionym: Syrrhopodon glaucus Schwacegr., Spec. Musc. Suppl. 2(2):103. 181, 1827. Tyﬁc:

"lo insula Rauwack Moluccarum et cum toblepharo albido in insulis Marianis cl.

"Gaudichaud.” (Lectotype: * Syrrhopodon glaucus. Insula Rauwack . Moluc. (illegible). 1819,
Gaydichaud no. 10.” G-Hedw-Schwaegr!: Isotypes: G-Hedw-Schwaegr. (4 specimens)!.

BM-Wilson (2 specimens)!, L-Mont!: syntype: G-Hedw-Schwaegr!).

Leucophanes cuspidatum C. Muell. Syn. 1: 83. 1849 nom. illeg. incl. spec. prior (Syrrhopodon

glaucus Schwaegr ., 1827) = L. glaucum (Schwaegr.) Mitt.

Leucophanes glaucum (Schwaegr.) Mitt., J . Linn.‘Soc. Bot: Suppl.1: 25. 1859 (Syrrhopodon.
1827).

Leﬁcophanes albescens C. Muell., Bot. Zeit. 22: 347. 1864. Type: "Pulo Penang Indiac
Orientalis: Didrichsen Exp. transatlantica Danica. J . Lange.” (Isotypes: "Origina]!

Puloc-Pinang” FH-Fleisch!; BM- 2 specimens!, S!).

Leucophanes guadalupense Lindb., Oefv. K. Vet. Ak. Foerh. 21: 608. 1865. Type: "...inins.
* Guadeloupe Antillarum legit Rev. Forsstrom. " (Lectotype: "Guadeloupe. Leg. Rev.

Forsstrom" NYY; Isotypes: S!).

Leucophanes smaragdinum (Mitt.) Jaeg., Ber. S. Gall. Naturw. Ges. 1877-78: 391. 1880 (Ad.

2: 655). Type: "Viti. Seemann inter No. 863." Not seen.



X

Leucophanes vsordlddum C. Muell.. Forschungsr. Gazelle Bot . 4(5)_: 50. 1889. ( Leucobryum
sordidum C. Muell., 1883 hom illeg. ). Type: "Nova Guinea. Leucobryum (Trgénynozus) '
sordigum n. sp, (Isotypes: "New Gumu (uhdble) dei Mc Clear Buy an Baumen in
Bergwalde. Dr Naumann 18/vi.1875. JE!; FH- FIenscK')

Leucophanes australe Broth ., o:r v.F insk Vet. Soc l~;oer5 33: 96. 1891. Txpc' *Leucophanes
(Tropmotus) au.male Broth in Bailey 1.c.p. 96 (nomen solum). Patna Queensland,.

Freshwater Creek . Trinity Bay, ub| ad corticem arbofum plantam femineam sterilem anno 1889
legit F.M. Bailey (n. 651)." (Lectotype: "651. Leucophaneg (Tropinotus) australe Brot‘.
Queensland Bellenden Ker Range, 1889, ieg. M. Bailey.” H-Broth.!; Isotypes :BM (3~
spec:mcnS)' FH!, S!). I' .

Leucophanes bogoriense F lcjsch.. Musci Fl. Buitenzorg 1: 177. 1904. Type: "'An Baumen .im

botanischen Garten von Buiténzorg entdeckt (F)." (Lectotype: FH!; Isotypes: FH!, JE!, S!).

. Leucophanes glauculum C. Muell. ex Fleisch.. Musci F1. Buitenzorg 1: 181. 1904, Type: "von
Bismarck-Archipel." (Lectotype:"hnk Archjpel. 1894. Leg. W. Micholitz, det. C. Muell."
md-Broth!; Isotypes: L!, FH!). S .

Leucophanes neocaledonicum Card. et Ther., Diagn. Esp. Var. Nouv. Mouss. §: 2. 1910. Type:r
"Forét de Tao, de 100 2 610 m.” (Holotype: "Nelle. Caledonie; reg. sept. a environs de Tao,

100 m. leg. Franc. Janvier 1910." PC!; Isotypes: PC!, FH-Fleisch!, G!, M.

DISTINGUISHING FEATURES. Leucophanes glaucum is characterized by the dénscl& foliose
habit, the leaves erect, broad to narrow lancedlate. acuminate, contorted, keeled, with
irregularly undulate margins, in transverse section, with tpe central chlerophyllous hyer -

surroundeg, at base, by 2-3 layers of abaxial hyalocysts and one layer on the adaxial'side, above
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: PR
the base a single layer of sinuose-walled hyalocym on each surface; the costa, abuully' 1 S
sharply spinose to nearly smooth, spinosity ol the costa variable among leaves in the ume

plant. " . o .

DESCRIPTION. Plants robust to 4 cm. wall, in dense compict to loos; turfs, glaucous-green to
blue- -green or browninsh -green. Stem dark ,orange-red to brown fed, branching monopodnal in
tsansverse section round to ‘rregularly mangular (108.0)137.5- l'SO 0(167.5) um in dumeler »
with large meduHary cells sucrounded by one layer of smal]. _+_ thick -walled corucal cclls 3
Leaves 2.5-4 0(?0) mm. long, 0.4-0.8 mm wide, stmght 10 contoriwhcn dry, slightly ~
spreading and less twisted when moist, broad to narrow lanceolate tape,'ug t0'an acummatt
apex lhalﬂ%es in a single cell, keeled throughout, natrow at insertion, in transvcm '
section with a single layer of duqyophyllous cells surrounded, a} base, by 1(2) layers of adaii;:l
hyalocysts and 2-3 layers of abaxial ones; hyaline Iamma 1_/5 to 172 the length qf leaf . uni- or
bistratose; margins recurved below shoulders, plane above, with 1-'5 rd\;s of stereids, uni- or.
multistratose, irregularly seﬁatc near apex or in upper third, teeth Qinglc or paired; costa
strong, percurrent, abaxially spinose in upper 172 to 1/3 to + smooth, teeth in rows, in
transverse section with one layer of adam’al_.hy;linc cells, 1-2 layers'of adaxial stereids, 2-4
chloyo?hyllous guide cclis continuous witlf central layer of chi8rocysts, 1-4 layers of abanxial
stereids covered by a layer of small, thick-walled hyalocysts: hyalocysts in surface tiew, on
abaxial side, at base, (15.0) 27.5-50.0 (52.5) um long, 15.0-30.0 um wide, quadrate 10
rlectangular. to irregularly hexagonal; at midleaf, 20.0-50.0 um long 12.5-20.0 um wide, oblong
with sinuose lateral walls and concave bulging end walls; at apex, l0.0-Sé.S um long, 5.0-15.0
um wide, irregularly quadrate to oblong. Gemmae fusiform-clavate, elliptical or skenderly -
ovate, tappering to base, papillose, variable iniumbef of cells, branched or unbranched at
base. Rhizolds orange -red papillose. |
Dtotcous pcriohaeual leaves not differentiated, archegoma in groups of more than five.

Pengonlal leaves two to four 10 0.9-1.3 mm long, ovate with a broad overlapping baa that

- .t
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‘
encloses the antheridia. Calyptra 1.5;2.4 mm long, cucullate, red and papill®se at apex,
stramineous below. Sporophyte terminal, monosetous, seta 5-15 mm long, red to brown red,
sinistrorse, more or less paﬁillose on the distal third, in transverse section 87.5-100.0(112.5)
ﬁm wide; operculum Q.6- L.Z mm logg, subulate rostr-ate; urn 0.8:1.4 um long, orange-red to
brown-red darker a' rim, erect to horizontal, cylindric to oblong elliptical, gradually narrowing
l(; seta when moi51, abruptly comt;icled when dry; exothecial cells 25.0-85.0 um long”

15.0-25.0 um wide, rectangular o quadr&‘oblong thm walled 10 + thickened longitudinally;

rim cells 12.5-20.0 um long, 7.5-12.5 um w»de '

.

layers. stomates superficial, (17.5)20.0-25~Q| um long. (12.5)20Y-25.0(37.5) um wide

ort hexagonal, in.4-5 horizontal
(10)12-14{18) in number, restricted 1o neck of cz psule, peristorse with a prostome 2-3 cells
<
high, the teeth 80.0-115.0 um long, orange-red. inserted under the rim of the capsule, papillose
. L
to nearly smooth. Dorsal plate of teeth, with lcngitudinal slnauons omamemed wnlh papxllae

ventral plate xrregularl) foveolate or teeth witt: few to no papxllae on both surfaceﬁ Spares

. .
5\ g

17.0-22.5 um in diameter, spherical to oval paraisopolar, papillose, under SEM gemmalc 0
“

t .
¥

reticulate.

HABITAT. This species has becn collected at the base and L?e trunk of trees, on decomposing

logs» rock agd soil. The species appears to occur in ‘both %cidic and basic rock ,subsqat%y s
e

most possible that, with an ¥xtended field study of diff: erent populations, habitat ‘preferences

may be determined, adding more information that wxll serve in the ellucndatxon of this

T |
% -

120,

morphologically complex species. (SRR '

LS

L

DISTRIBUTION. Leucophanes glaucum is distributed f romﬁl ndia to Malesia, Japan,
northestern Australia, Vanuatu, New Caledom'a; the islands of thé:‘iltropical Pacific and a

disjunct population in Guadeloupe (West Indies). <

PHYLOGENETIC RELATIONSHIPS. Leucophanes glaucum is closely related to L.
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‘ocroblepharioides in gametophytic and spofqhytic character-states. The heterodictyee (Cardot,
1900) condition of the leafl with 2(3) layye.rs’of hyalocysts on the.abaxial surface at base, pore
size and midteaf cells with irregularly undulate lateral walls are shared wi_lh some populations of
L. octoblepharioides. 1t also shares with tt;is specigs the foveolate peristomal plaie.

It is here proposed that L glaucum evolved frém a L. octoblepharioides lype'anéeslor
by proliferation of abaxial hyaloc&‘sts at base, and the development of strong rounded end walls
and undulated lateral walls on the mid- and apical hyalocysts. The peristorhe is also considered
to have evolved from a L. octoblepharioides type by a decrease in papillosity and dcvélopfncnl

3

of irregularly defined longitudinal striations. ‘ v,

R

VARIATIONAL PATTERNS. Leucophanes glaucum is an extremw._va;iable (plastic) specics.

Leaf shape, for example, may vary within the same plant, the lowermost leaves may be narrow
1 and elongated, the uppermost ones wider and shorter. The costa is rather prominent in most .
members of the species particulafly those of L. glaucum subsp. glaucum. Costal ornamentation
ofleaves within members 6f one population and also within a single individual vary
considerably‘; some leaves have a'strongly serrate.'costa whereas others have few to nearly no
'leelh. The aspect o:f ihe leaves (deéree of tontortion) is also variable. Populations from the ”
Ellice Islands and Nuku-Hiva fMarquesés Islands) have stiff -looking leaves while those of
Indonesia, SE Asia, Solomon Islands and Vanuatu tend to be strongly contorted. Sterile

¢

specimens can be readily identified to the specif ic category, but due 10 the extreme overlapping

i

of morphelogical features, subspecific ranking 1s more difficult to deterrmne umess sporophylcs

are produced .
[ Y 4

Itis my feeling that, with addmonal f:eld wo{k and the crmca yexamination of further

» et *

collections bearing inf; ormauon‘k on the ecology of thxs species, mlcrohabxtat preferences may be
determmed whxch will provide valuable mf ormauon for the clarification bf this morphologncally

plastic species.
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SPECIMENS EXAMINED.ALTA (5), B (37).'BM (82), EGR (3), FH (56), G (48), H (62),
Je (2),L (114), M (18), MU (18), NY (42), PC (3), S (63), TRC (4),U (3).-

T

Leucophanes glaucum(Schwaegr.) Mitt. subsp. glaucum

(Figs. 50-51, 60-61, 384-445, 478)

.

Leucophanes glaucum ( Schwaegr.) Mitt:

Leucophaneg beccarii Both. et deh., Biblioth. Bot. 44: 6. 5. 1898. Type: @& .

Septembr. 1872, in reichlichen, schOne.n Fruchtrischen "’ (Lectotypé: o
. s gt B

Sept. 1872. G. R. O. Beccaﬁ." H-Broth!; Isotypes: FH (2 specithendl

\

G . .
.

Leucophgnes glaucescens C. Muell. ex Fleisch., Musci FI. Buitenzorg 1:178. 23. 1904. Type:
. "Ferner Ost. Indi¢n (ex Herb. Brit. Mus.) c. fr. (Karz). (Isotype: FH-Fieisch!).
'Leuco;;hanes subglaucescens C. Mucll. ex Dix., J. Linn. Soc. Bot. 43: 296. 1916. Tvpe:
' "Timorlaut, 1891, leg. Micholitz, No. 8, herb. Brotherus in Herb. Kew." (Lectotype:

BM-Broth!; Isotypes: BM-Broth!, FH-Fleisch. (2 specimens)!, S (2 specimens)!).
Vg X B .

DISTINGUISHING CHARACT ER‘S.. L. glaucum subsp. glaucu;n is characterized by its

strongly papillose peristome, the dorsal plate with irregular vertical striations ornamented with

t

papillae and i<rrcgular1y defined central circular depressions; the ventral plate densely papillose
alﬁ
between teeth of the same peristome. Spores oval to spherical, paraisopolar, reticulate to

4

" densely verrucate.

s

@veolate. Variations in pattern of striations and papillosity of the dorsal plate are observed,
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Figs. 384-395. L. glaucum subsp. glaucum.

A

Figs. 384-385. Vegetative leaves. Scale=1 mm. New Guinea, Beccari, H; Bailev 1899, H;
Marshall Islands, Horowitz 9669. G; Mioko, Fleischer, 406, FH).
Fig. 386. Apices. Scale=45 um.

Fig. 387. Young leaf. Scale=0.3 mm. (Australia, Bailey 1889, H). ‘
Fig. 388. Transverse section of stem. Scale=100 um. (Andaman, Kurz 2546. BM), -
. . \

Fig. 389-395. Abaxial hyalocysts. Scale =100 um. : ‘ .

Figs. 389:393. Base. (Vanuatu, Salazar 3702, ALTA, PMA; Shortiands, H: Marshall’

Islands, Horowitz 9669, G\gl o - |
Fig. 391. Hyalocysts next 10 a‘l area. (Mitronesia, Herbst & Alberton 2777.0.

B).

Figs. 394-395. Midleaf. (New Guinea, Beccari, H: San]oa. Schulliev-MOlcl 4484, B).
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Figs. 396-411. L. ‘g.laucum subsp. g‘laua;m; Scale=100ym. .

Figs. 396-399. Abaxial hyaloc‘ysts. (Java, Fleischer, FH: Solomon Islands, Milne 597, BM;
lzouisiades,_ Michotitz 232, L). |

~  Figs. 396-397, Midleaf. ) o _
Figs. 398-399. .Alpex. (New Calc}"donia‘. {6831,,H; Bismarck Arch., Fleischer 406, FH:

New Gui’nea', Becéari'. H; Samoa, Schullze-Mot;l 4484, B).

Figs. 400-411. Transverse sections of leaves at base. S;:ale=100 um. (Borneo, Ooschot\
1870, L; Cax;oline Islands, Forsberg 26094, L; Shortlands, Rechingér. H; Caroline
Islands, Fosberg 26218, L; New Guinea, ileécari. H; J_avé. J. ‘Foller, L; Bisgnarck ,

Arch., Fleischer 406, L; Thailand, Touw 1147, NY; Java, S)‘.

Fig. 410. Anomalous d'evelopmem of additional margin on the adaxial surfacc of

costa. (Java, S). " _ ‘ ( ¢
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. Figs. 412-427. L. gIaucum subsp. glaucum. Transverse sections of ,kaves. Scale =50 um.

Figs. 412-414. Midleaf . (Micronesia, Whittier & Miller 1127, G; New Guinea, Beccari 138, -

Fig.-418. Lea‘f-tip gemmae. Scale =100 um. (Philippines, Robinson, H; Bismarck Arch..

H).

H; New Guinea, Micholitz, L).

’

Figs. 415-417. Apex. (New Guinea, Beccari 138. H: Shortlands Ins., Rechinger a. 1905,

Fleischer 406, B; Australia, Weber B-31884, S).

Fig. 419. Perigoniél leaves. Scale=0.5 um. (Australia, Gribble a. 1894, G).

Fig.
~F‘ig.
-Fig.
"Fig.

Fig.

Fig.
Fig.

420

421

426

. Perigonium. Scale=3.5 mm. (Ibid. 419). ‘

. Branching of male plants. Scale=3 mm. (Ibid. 419). | .

. Perichaetial leaf . Scale=2.3 um. | _

. Calyptra. Scale=1 mm. (New Guinea, Beccari 138, FH):

, 427. Rim cells. Scale =50 um. (New Guinca, Beccari 138, H).
. Exothecial cells. Scale =50 um. (I1bid. 424).

. Stomates. Scale= 50 um. (Ibid. 424).
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Fig. 428 L. glaucum subsp. glaucum. Sporophytes. Scale =0.5-mm. (New Guinea, Beccart 138,
H; Micronesia, Whittier & Miller 1145, G). | |
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Figs. 429-434. L. glaucum subsp. :lc’mcicm.
Filgs. 429-430. Pores on abtx|itl hyalocysts. (Banda Neira, Visser, L):
Fig. 429. Base.
Fig. 430. Apex.
Figs. 431-434. Peristome, papillose -striate. (New Guinea, Beccari 138, H).
Fig. 431. Scale= 50 um. |

Fig. 432434 Scale =10 um.






Figs. 435-440. L. glaucum subsp. glaucum. Peristome papillose -striate.
Fig. 435-439. Scale=| mm. (Néw Guinea, Beccari 138, H).
Fig. 437. Outer surface of peristome. (Banda Neira. Visser, L).
Fig. 438. Apex of tooth. (ll;id. 437).

Fig. 439-44& Outer surface of teeth. Scale=20 um. (Ibid. 437).
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FMMS; L. -g{aucum subsp. glaucum.

Figs. 441-442. Lateral view of (Micronesia, Whittier & Miller 1145, G). peristome, outer

surface on the left. Scale=4 um.
Fig. 443. Habit. Scale=4 mm. (Pinang ln§.—.- Deschamps, S).

Fig. 444-445. Spores. Scale=4 um. (New Guinea, Beccari 138, H; Banda Neira, Visser,
L).

~






" HABITAT. This subspecies is a corticolous epiphyte. o ) - v

DlSTRlBUTlON This subspecies is distributed in Southeast Asia. Auslraha New Gumea and
&

-the islands of thc tropical Pacific. B
}

-

SPECIMENS EXAMINED. B (1), BM (2), FH(7), G (8). H(6). 1. (6),NY(1).S¢(1). U

(1). o | | 5 | L

a

Leucophgnes glaucum (Schwaegr.) Mitt. subép. nukahivense (Besch.) Salazar- Alten comb. et

stai. nov.
(Figs. 64-65, 446-460, 472-475, 478)

Leucophanes nukahivense Besch., Ann Sc Nat Bot. ser. 7, 20: 20. 1894q Type Sur une roche,

&S

A &

dans la vallée d'Avao, i Taiohas. (Jardm) BM Besch' Isotypes: BM -Schimp!, G!, L}). °

Syrrhopodon speciosus Schimpin Jard., Bull. Soc. Linn. Normandie ser. 2, 9: 263, 264. 1875‘

hom. illeg. = Leucophanes i{ukahiwnsg Besch. fid. Pa.r.., Ind. Bryol. 766. 1897.

9 -

. d Leucophanes nukahivense Besch ."yar. theriotii Card. ex Thér., Bull. Ac. Int, Geogr. Bot. 20:
” -
-97.1910. Type: "Hab. lle Maré (Loyalty), forét claire, alt. 50 m., leg. Delord.” (Holotype:

lle Maré (Loyalty) forét claxre; alt 50m Leg. Delord, 6 oct. 1909." PC Thért; lsotypes

fl’Vlelsch' G!, JE, LI, M(2Si’ecunens)‘) o

-
]

-~ -~

NOMENCLATURAL NOTE. The type specimen of this subspecies was collected by Jardin and

sent to Schnmper for identification (Jardin, 1875). Schimper named it Syrrhopodon speciosus

although no description of the specxmen uas pubhshed Bescherelle (1894) changcd the name to

Ve

® ' ’ . .
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Leucophanes nukahivense indicating that: "J'ai du, en transporta'm le Syrrﬁopodon speciosus
d\ans le genre La;coph_anes. changer le nom spécifique donné par Schimper, ce nom ayant été
de ja_employé paf M.Ch: Mueller pour désigner une spéce de Leucophanes de ) éva (Sinops.
Musc. 1, p. 84) qu'il a placées_dcpuis déns le genre Schlstomltrium (ld; I1, p. 537)." Thus,
S}rrhopodon sbeci-osu; is an illegitimate homon)iri). (Art. 64.1 of the International Code of

Botanical Nomenclature, 1983).

. e

DISTINGUISHING FEATURES. L. glaucum subsp. nukahivense is characterizeg by tall (to 4
cm), denscly f oliqée turfs, leaves erect, slif f-looking, concave throughout; costa with few teeth
on abaxial surface to smooth, margins undulate and irregularly recurved; peristorhc of
articulated teeth, dorsal plate slightly papillose to smooth, ventral plate papillose, spores
13.5-17.5um in diamcter.‘paraisopola';,.‘vcrrucate.'the ver‘ruca’e ornamented with granular

-

depesitions. o

. R

.

HABITAT. Plants of this subspecies have been collected 3 bark of angiosperm trees.

DISTRIBUTION. This only confirmed reports for this subspecies are from the Marquesas and

the Loyalty Islands.

SPECIMENS EXAMINED. BM (1).L(1),S(Q1).
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Figs 446-460. L. glaucum subsp. nukahivense. (Marquesas, Jones 1107 L),
Fig. 446. Vegétative (!eaves; Scale=1 mm.
Figs. 447-449. Abasial hyalocysts. Scale =100 um.
Figs. 447~§48. Base.
Fig. 449, Midleaf.
Fig. 450. Apex. |
Figs. 451-454. Transverse sections of leaves. Scale =100 um.
Figs. 431-452. Base.
Figs. 453. Ape;(. ;
Fig. 454. Midleaf .
Figs. 455-456. Scale=0.5 mm. ~
Fig. 455. Capsule. Scale=0.5 rﬁm.
Fig. 456. Calyptra. Scale.=0.5 mm. '
Fié. 457. Exothecial cells. Scale =100 um.
Fig. 458. Transverse section of seta. Scale=50 um.

Fig. 459. Rim cells. Scale = 50 um.

* Fig. 460. Stomates. Scale=50 um.
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Leucophanes glaucum (Schwaegr.) Mitt. subsp. vittii Salazar- Allen
“(Figs. 58-59, 62-63, 461-471, 476-478)

" Type: "Plants of Papua Milne Bay District. Base of coconut palm, 2 m. Menapi, Cape Vogel
Peninsula. Collected L. J. Brass on the 4th Archbold Expedition to New Guinea '
-(March-November 1953), No. 21774." FH!
{
DISTINGUISHING FEATURES. Leucophanes glaucum subsp. vittii is characterized by its .‘
f le‘xuqs\e habit, loosely contorted leaves and the peristome of short (less than 100 um iong).

e

smooth teeth.
HABITAT. This subspecies is a corticolous epiphyte.

DISTRIBUTION. This subspeciés appears to be endemic to New Guinea.

SPECIMENS EXAMINED. FH (1). ' *



‘ Flgs 461 471 L. glaucum subsp. vmu (Ncw Guinea, Brass 21774 type FH).
Fig. 461. Vegctauve leaves. Scale=0.5 mfl.
Figs. 462-464. Abaxial hyalocysts. Scale=§0 um.
Fig. 462. Base.
Fig. 463. Midleaf .
Fig. 464. Apex.
Figs. 465-467. Transverse sections of leaves. Scale =100 um.
Fig. 465. Base.
Fig. 466. Apex.
Fig. 467. Midleaf.
Fig. 468. Capsule. Scale=0.§ mm
Fig. 469. Calypira. Scale=0.5 mm. , -
Fig. 470. Etothecial cells. Scale=50 um.

Fig. 471. Rim cells. Scale =50 um. :
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" Figs. 472+477...L. glaucum subsp. nukahivense, and L. glaucum subsp. vittii.
| Figs. 472-475. L. ng'subsp. nukahiv?nse. (Marquesas, Jones 1107, L).
Fig. 472-73. Perijtonte, external surface.
Fig. 472. Scale =’50 um.
Fig. 473, Scale=20 um. ‘_
Fig. 474. Peristome. l'nner‘surf ace. Scale=20 um.
: Fié. 475. Spore ornamentation. Scale=2 um.
Figs. 476-477. L. glaucum subsp. vittii.
Fig. 476. Scale=50 um. (New Guinea, Brass 21774, FH).

Fig. 477. Scale=2 um.
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Fig. 478. Distribution of L. glaucum.
@ Subspecies glaucum. |
@ Subspeciss aukahivense.
@ Subspecies vittif.
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N . . VIL EVOLV/IQNARgASPECrS
1. RELAﬂbNSHIPS OF LEUCOPHANES WITH OTl‘i!R MEMBERS OF THE

“ ~ " CALYMPERACEAE
1. The Gamelophyle ieucophanes in gam'?lophytm and sperophytiic characters is markedly
similar to Exodlctyon l'."‘xostr'/ Arthrocormus, Qctoblepharum, and S yrrl;opodon All these
genera are acracarpous, turf-forming mosses, with the stem ly_n_w@g no central strand. The"leaf -
structure, except in S?rrhopodon. consi_éts of one or more la}e:s o hlorophylldus celis "
surro‘unded' by two o'rquxe laycrs. of lrydl_mysts. the so éalled\kucobryoid T kaf- structure. ln" .
Exodictyon and Exos;ralum. the multisua!'a’s; condition of the ledf is the result of an exbansion .
of the costa, concomitant with the loss of stereifls (Cardot 1900 Ellis 1985). It appears that in
Arthrocormus and Octoblepharum, the same process may have taken place in the formation of
their leaf structure. N | ; |

’ The leaf in Leucophanes has a distinct costa compbsed of gmde cells, stereids-and

. chlorophyllous cells, thus, rcsembling very closely the costal structure of Exodictyon and

Exostratum. The lamina i 1&3 complex structurE com two areas, a multistratose seg.tion
K4 . :

o of chlor0cysls and hyalocysgand :ﬂnyalme area of only hyalocysts The leaf structure in ,'7'

- Leucophanes is umque for the genus -and it appears that it originated indepcndently of that of

the other.genera. . | e -

o

Scale lcaves and p;,rlgomal leaves in Leucophangs are simijlar to those found in

3 1

Syrrhopodon The calyptrae in most species of Leucophanes is long persistent and may remain
auached to the capsuﬁe after dehlsoence as Occurs in Calymperes and Syrrhopodan Thus, the

vanous gametoplfyuc charadcrs observed in Leuoophanes indicate a close anoestral relauenshxp

wnth Syrrhopodon . P
 (Fig. o '
, Cardot (1900) (an 479),, based mainly gametophyuc f eatures partmularly leaf

-

structiire, suggested a close relauonshgbetween Leucophwe.s and Syrrhopodoq ( sensw 4
Le».cpphanella) He indicated that in both genera Lh’trarlsverse secuon\of the stem is similar,

261/' N

~—
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. ' ‘ 3 ¢
Fig. 479. Cardot's propos.;d relationships among megnbers of the Leucobri#es, Octoblepharees, -
Leucophances and Arthrocormees - with the Syrrhopodontacées (Syrrhopodon) and

Dicranacées (Campylopus, Dicranum).
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5

that is without a ceatral strand and wnh a peripheral layer of cells that differ from the corucal

L]

ones only in size. The structure of lhe costa and margms are also very similar. The peristomc,

in both specnes. he described as non-dicranoid. Exodictyon and Exostrasum were structurally
’

related to Syrrhopodon tristichus Nees and closely related specigs. Andrews (1947) like Cardot

(1900), proposed a close relationship between S);rrhopodon ( Asen.su Leucopha;iella ) and

Leucophanes suggcslﬁ'xg a homolog) between the hyalocysts of the cancelhnac in Syrrhopodon -

and the basal hyalocysts GT Leucophll-le also indicated the struclural similarities bctwecn ':
t

the margms'and the costa of these nera. Arthrocormus was closely related 10

Octoblepharum. The major difference between thesc genera being the 2-3 layers of chlorocysts
> ¥ ‘

in the leaf of Arthrocormus as opposed to the single layer in Octoblepharum. For Exodictyon,

Andrews (1947) suggested a close relationship with Syrrhopodon.
' [

S . \
3

2. The Sporophyte. Sporophytically, Leucophanes is also very $imilar to_Exodictyon, .

Exostratum, Syrrhopodon and Arthrocormus. All these genera have peristorges that are more or

“

less papillose. In Exodictyon and E:xoslra:um Ellis (1985) reported éand personal
observauons) the Jccurrence of ridge-shaped thickenings, someumes branched or anaslomosmg
that may form s:mple or compound papillae. He has also reported central cnrcular depressnons
on the teeth of Exodictyon incrassatum, on the dorsal plates of E denlatum and, the ventralA

plates of Exostratum sullivantii and E. blumei. Ornamenlations similar to those described by .
\ : - * .

Ellis for the peristomes of Exodictyon and EXostratum-have been observed in Leucophanes.

More or less defined central circular depressions, here called foveolae, are present on one or
g | i e : .
both plates on the peristomal teeth of species of Leuco;haues.

The peristomes of Arthrocomus ( A. schimperi Dz. & Molk‘ . ;i&able for critical -

-

examination are papitlose-striate, with coarse vertical striaticns on !hc sal plates and
foveolate areas on the dorsal and ventral plates. Vertically striated plales snmllar to those of
Arthrocormus have been observed in.the highly derived lineage of Leucophanes subg.

Trachynotus ancyn L. octoblepharioides subsp. whittieri. The peristomes of Syrrhapodon
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‘available for examination (e.é.. S. ciliatus (Hook.) 'Sgliwaegr.) are densely papillose, thg
papillae branched, irre;gularly ahastomosing and with more or less distinct f oveolate areas.
Fleischer (1900- 1904) nllustrated the penstomc of Syrrhopodon tristichus Nees ex Schwaegr .
‘the central area of the dqrsal platc has Wlar depmsi‘ caligd perForauonem . These are

.. similar to the foveolate areas obsgrved in S. giliatus.‘Leucophanes and some species of

| Exedictyon. Recse.(l977) reported transverse striations on the papillose peristome teeth of S.”
cryptocarpos Doz. & Molk: Transverse striations have not been Qbserved on the pcrnstomes of
species of Leucophanes, E“ictyon'Exostratum Anhrocormus or chblepharum Of the other

-

gengra in the Calymperaceae, F?dwards (1979) has 1nd1cated that the peristome of Hypadont;jum

‘s

| ‘:’ns structurally closely related to that of L. candldun? Hypodpnuum has a pcnsto.me ’ s
'cxouome teetk%t are frequemly shed wnh the opercxﬂum and 16 efldostome teeth that have
an |rregular 1 3 pattern. T?e peristome in Lez&;phanfe: c;ndﬁnm is composed of a prostome of
32 segments (obsenlbd at the bases. of the teeth) 16 snmple teeth wnth a poorly developed 2:3
pattern Thus it has a pcnstomxal formula of ﬁ )2" '2(-3) (Edward;, 1979). It also appears
that, at least, in some specxes parts of the prosto#nay be shed wnth the operculum. The
I:ermomc of Ocloblepharum dif! fers in some structural details from those of Yther genera xq th;m
Calymperaoeae It consists of snmple teeth with no trabeculae on’ the dorsal and ventr* plates
and the primary peristorgial layer ( PPL) has occasional vanauons in cell structure that ate
restricted to the bases of the teeth. Thus it has a peristomial formula 2( - 3)"’ "2 zfora smgle
too;l:. Fleischer (1900- 1904) mdxcated the presence o{ a prostome in the penstome of 0.
albidum l-t«ﬂ I have observed that in some populauons of 0 albidum the dorsal plates ane
strongly striated, the striations megularly anastomosmg unlike those observed in Leucop}mnes
subg. Trachyn#us and Arthrocormus X . ‘ . , \ [
Thus. based on the Comparame‘stmcuﬁu‘; of the @metophyfe and sporoph}te the

<

following phylogenetic relationships can be postulated:

B 4

l. The sister-group of Leucophanes: includes Exddié:;von, Exostratum, Arthrocormus and

hY

Caobleplgarum; the out-groqp. Syrrhopodon and related species.
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1N
, 4 .
2, Leucophanes shares with its sister:group the multistratose condmon of the lcaf with

chlorocysts and hyalocysts The leaf structure in these two groups appeus to have arisen °

' Sucture between hane r ‘be postul
' ee Leucop s.and Syrrhow be ?outu ated
] of the perigonial leaves in Leucophanes. Basal hyalocysts of the
) y eaves in this genus appear lO be homologous with hyalocysts of the canCclhnac
L}
of Syrrhopuon

” w " X i “)
' 4. Similarities at the peristomal level indicate affinities with both the sister group and the

4

»

. .ou;-gro'up‘. The plesiotypic condition of strongly papillose-foveolate peristome
+ .
u charactcristic of some species of Syrrhopodon Exodictyon and Exostratum is observed in

the less denved members of Leucophanes subg. Leucophanes. The developmenl of .

-

' slnatnons m the highly denved members of Leucopharles subg. Trachynotus is shared with

' species of Arthrocormus. . S L ' oo
3 S : : o . .
S

. The presesce of a difu'hct costa ( s}mplesiot&pic character), scale and perigonial leavcs .

' -

similar to Syrrhopodon suggest an ancestral relationship with members of this genus.
seest ango

Thus, the putative ancestor of Leucophanes and relaled genera must be sought in

"members of the genus Syrrhopodon ' N

' 6. Comparative developmenlal studies on leaf sirdclure and monographic revisions of

-

Arthrocormus and Octoblepharum are needed to propose a more defined scenario of the’
phylogeneuc relatnonshnps between Leucophanes and its sister- group as well as jts

. out,group . " ' :
’ i ‘f‘ ‘ L e, Toe

7. Peristomial characters mdxcate thatj.eucobryum and relaled genera ar¢’ no ylogcneucally
closer to Leucophanes‘but to the Dicranaceae. The leaf structure in Leucobryum is

<% Considered to have evolved independently “a case of LOHVCISCI“ evolution.
- - .

»
P
T a

L s
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2. RECONSTRUCI'ED PHYLp(;F,NY OF THE SP&CIWF LEUCOPHANES
: -y :
A systcmauc rewsion is not-co Jpl% uniess 2 careful cValuanOn of the char’

A €D
used to define the taxa is perf omed M:'ny systennti parucularly in the last
three decades, have emphasizedthe ph/losenetic mtuation of chzmct’dl mﬁn or A "1
‘ . ‘g .

f ormhlatmg a phylogeneuc hypothesis of the evohmon of paruc&r tﬂa “The
" phylogenetic hypothesns thus derived, can be tested, modified or reevalualed in light of

additional inf ormauon ( Wagncr 1984). In bryophytes, from the early WOrk of Koponen

- 9 (1968) in the Mniacede, others have followed in utilizing a phylagenetic approach.
| Among ‘t'heSc are studies by itt on Orthotricum (1971[72)), Mmr‘ocomé (1982),
- Macr (1983) and Seligen‘a (1976);.Vitt et al. (1985# 1985}3) on Macromitriur‘n
Belga;h‘l(”l975) treatment of Aloinella and Crossidmm Pete}soh s (1979) revision of
Lhc North American Dncranaccac Shaw's (1980) u'eatment of the North American
Pohha Buck' “1980) generic revision of the Entodontaceae; Bremer's‘treatment of *

\
Schistidlum “l) Horton's (1981) revision of mnMurcmu 's (1981,
’

1985) studies of the Gnmmxaceae and Scoulerla respecd'my.ulshlcr and Churchills

£ )

(1984) proposed phylogeny of the bryophytes; Ellis' (1985) L{ggtment of Exodictyon and
Exostratum Fxfe s (1985) generic revan of the?unaﬁme and Rohrer s (1985)
. studies on Hylacommaceae . T ‘ -

LU

o o Chara&hr selection is of critical importance in the delimitation of the taxa to be
evaluatcd Chara’ctcrs selected in Leucophanes were based on their Telative staful\y in the
genus and their complexity (esg., peristome structure). Complex characters are less hke.ly

-

e t? hav;ggvolved more than once and thus ar&ess Qbscured by muluple parallelisms. Sihce
- no fossil record is known for the genus or closely related genera, character selection was
based on the study of extant taxa. Out- group comparisons, with other genera of the -
Calymperaeeac. pamcularly Syrrhopodon Calymperes, Exodictyon and Exostratum were
made to determme the polarity of character evolution ('transformanon series). In

addiuon to out- group eompansons the major evoluuonary trends detébmined for the



g

postulaled to be from a dxplolepldcous toa haplolcpxdeous peristome, to’tbc presgntc oL

J ‘
n‘fg_«q'ﬁda((sdwards 1979; Crosby 1980; Vitt 1982b, 1984), particularly the
’h;pldle:pideous. acrocarpous mosses ’were also critically examined. All this information
serv’ed as the primary ‘basis for clasiif ying characters as plesiotypic (ancestral) or
apotypic (derived). v L

'I;,yemy two characters were selected for the phylogeneticfevaluation of, ,(he ﬂ‘" » *9

ok
gpemes" The chﬂc%ers sel'écteﬂmere asﬁﬂncd numericakvaiwes. The generahzed or

non-divergent (plesnotyplc) state was given a value of zer0 (@), the Mved (apotypic)

state a value of one (1) mtermedaale states were consxdcred as 0.5 and highly specxahzcd .
o .

as 2. Particularly important among the characters selected is pemstome type.and- . e ...‘.‘
L - ‘ ' : LAY
ornamentation. . ‘ K ‘ 39,

The general evolutionary trend in lhe penstome of the Bryopsida becn g
R

rudimentary layers or lhe nearly complete lack of penstome The dnplolcpldeous

.
condmon is consxdcred to be the mqst ancestral (ples;otyplc) the othcr two, being "

derived from it (Crosby 1980; Vitt 19825, 1984). o .
tin Leucdph.zne_s. all the species have an arthrodontous haplolepideous peristome.
St types can be recognized on the basis of pi%e ornamentation (see section ‘on

Peristome) : The evolutionary trends proposed for the peristome of Leucophanes is

- considered to have been from ttge strongly pa;n'llqse-f oveolate type to the striate and

smooth types. Ornamentation on the plates is considered to have evolved from the plates

being strongly papillose to becoming’ less papillose and striate or smooth. There is also

- variation in the organization of the papillae, from individual groups with no definite

pattern to papillae f)anially fused into regular patterns or rim-like concretions around
central circular depressions. Another type of ornamentation, perhaps also derived from
the fusion of yiv{d\ml papillae is represented by longitudinal to semicircular
thickenings. Thi last pattem is particularly characteristic of the Af rican species of

Leucophanes A penstomc srmxlar to that of L. oaoblepharwldes is here proposed to
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tcpr_ei,em the ancestral conditifn from which the{bthcr types were derived by reduction, '

¢ doncomitant with a shortening of the

f usioi an;i perhaps suppression or loss of papill
:ecth. ‘ . . o ;g«; .
The study of - the external structure of spores has been .used to distinguish

between species and also to derive potential phylogene(.*elauonshlps (Horton, 1982).
Due to thQaucny and poor presmvaon of many samplcs available for critical
examination and, the lack of comparative m'atenal. of spccne§ from the sister group and
the out-group, spore ornamentation is not' used mt%c phylogenetic eYaluation of
Lcucophanes The peristome and other characters, with their evoluuonary dlrecuons and’
uﬂablllty are discussed below in alphabetical sequence. The dlstnbuuon of apotypictand
plesiotypic characters is indicated in Table 3. The calculated patristic relationships of _the
species of Leucophanes is illustrated by the use of a W?gner Dendrogram. The.
methodology for E_h‘ylogenetic anslyses follows that of Wagner (1952, 1962a, 1962b,1969,

-1980, 1984). Sister group relaéioﬁships and cladistic distanc'es are iliustraled by the use of
a Hennig Cladogram l&rdin'g to .Hennig (1965, 1966). The characteryand thpir

/

evolutionary directions are as follows;
" e , .

N

Character A. Leaf size. Two states: plesiotypic, leaves medium size (L/W ratio= 7: 1)‘;
apotypic, long, narrow leaves (L/W ratio= more tha;n 8:1). This siate is often

correlated with leaf orientation ﬁam‘cularly in L. glaucum.
. " -

Character B. Leaf orientation. Three states: plesiotypic, straight to flexuose; apotypic,
(B) contorted to strongly twisted either individually or in spiral arranéement. and (B')

r.

squarrose to falcate-secund. _ S

Character C. Leaf curvature. Two states: plesiotypic, leaves canaliculate to slightly -

. keeled; apotypic, leaves strongly keeled to goitrous.
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Character D. Mafginal orientation. Two stages: plesiotypic, straight to slightly recyrved:;

apotypic, strongly recurved 1o undulate. ’ )
Character E. Margin ornamentation. Two s ) . serrate to dentate, s
apotyPlc smooth to nearly smooth K o,

-

Character F. Leafl apex. Three states: pleisotypic, I§ef acute or a;_ut_niﬁage; apotypic,
apex retuse to incised; épex spinose-erose. The retuse 1o incised apex apéears to have
arisen by degeneration of the most apical cells, while.the spinose -erose éne appears to be

the result of an apical expansion of a strongly spinose costa. -t

Character G. Apex orientation. Two states: plesiotypic, apexsiraight; apotypic, apex / A
recurved. This character is closely related 10 Chargcter F. Leaves wi'th retuse to inci !

apex are usually rec’urved. This is particularly observed in"Af rican specjes of

- Y /
Character H. Shape of lacunae between conuguous Tows of chlorocysts above rrpdleaf !

-

[ §
Leucophanes.

- Two states: plesiotypic, lacinae $hort - rhomboidal lhe size of 1(2) chlbrocysts or less;

a]\olyplc Iaeunae elongated, oblong, 2-3 (or more) chlorocysts long.

' .
J ] . ¥
. . »

Character 1. Shape of midleaf abaxial hyalocysts (surf ace view). Three smes' ', ) Viek

.

ples:otypxc leaf cells rectangula.r to irregylarly hexaéonal (ratio 5-7:1); apotyplc )
leaf cells long rectanguiar, (rauo 8:1 or more), lo ( I’ ) short and megularly hexagond

(ratio 1:1, 2:1). ) B D L

'y '

a
E]

Charactex] Hyalocyst cnd walls. Two smes pleuolyplc stmghl 0 nearly smuhl .

I 3

waus apotyplc rounded to broadly dove- xmled Celis wuh:roundedeed valls mly appur -

e
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sporadically in some g'roups characterized mostly by rectilinear walls.

Character K. Frequency of surface pores on the hyalocysts. Two slates: plesiotypic, few
at base apd apex; apotypic, many lhroughoﬁt the leaf. '
Character L. Size of hyalocyst pores on the transverse walls. Two states. plesiotypic,
pores 5.0-7.5 um in diameter, oval, elliptical or nearly circular; apotypic, pores 2.5-5 um -

in diameter, narrow and slit-like.

Character M. Layers of hyalocysts on each surface of the chlorophyllous layer. Thfec
states: pleisotypic, a single layer of hyalocysts on each surf ace; apotypic, more than onc
layer abaxially at base and a third state with hyalocysts proliferating on the adaxial and

4 (
abaxial surfaces of the central chlorophyllous.layer.

Character N. L,erigth'of the costa. Two states: plesiotypic, ending jhsl below thec apex or

at the apex (percurrem); apotypic: excurrent.

’
o

Character Q. Costal ornamentation. Two states: plesiotypic, smooth;-apotypic, abaxially

dentate to serrate.

Charactemnp gemmae. Two states: plesiotypic, gemmae present; apotypic,

»
gemmae absent.

Character Q. Sexual condition, Two states: plesiotypic, dioicous; apotypic, monoicous.
e ‘ . =
Character R. Sexual dimorphism. Two states: plesiotypic, male and female plants

morphologically similar; apotypic, production of dwarf maileé.
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Character S. Perichaetial leaves. Two states: plesnotypnc perichaetial 1eaves similar to

vegetatwe leaves; apotypic, penchacual leaves. differentiated, with ﬁg‘mahnc base

LN

covering the vaginula and lower portion of the seta. ¢ °

o - o
N

Character T. Seta lé'ngth. Two.states: plesiotypic, long seta from 7-10 mm. or more;
apotypic, short seta, less than 7 mm long. \

Charaéler U. Peristome. Distribution of ornamentation on the platés. Three states:
plesiotypic both plates papillose; apotypft, (U) onc plate less papilldse than the other
and, (U') both plates smooth. '

\ . -,

\

Character V. Type of peristomal ornamentation. Fqur states: plésiotybic,
paplllose -foveolate; apotyp:c v) papxllc}se/smaled (V') papillose with longitudinal to
semi-circular thickenings, and the fourth state, (V' )smooth .

Based on the study of herbarium and living material, and the phylogenetic

analysis of 22 characters and their states, three major species-complexes or lineages are

distinguished in Leucophanes (Fig 480, 481). 1 have taxonomically recognized these
linea"ges ét th‘easubgeneric level. Thus, three subgenera are proposed, Leucophanes,
Leionotus and Trachynotus . Subgenus Leucophanes as stated in the ICBN .(1983) (Art.
22.1) includes the type species for the genus, that is L. octoblepharioides. For the other |
éubgenera. the earliest validly published names are those proposed by Mueller (1874) for
Settions Leionotus and Trachynotus (Table 1). Although they have no pnonty at the

Subgeneric rank, 1 have decnded to retain them instead of creating new names. Subgenus

Leucophanes includes¢wo distinct clades. The first clade includes L. angustifolium, L.
milleri, L. octoblepharioides, L. rodriguezii, L. serratulum and L. seychellarum; the

second clade L. hiIdebra&;;dtii, L. molleri, L. renauldii and L. unguiculatum. Subgenus

ﬁonoms includes one species, L. candidum and subgenus Trachynotus includes L.



4

Tig. '480. Wagner Dendrogram of the phylogenetic relationships among species of Leucophanes,

. ,
as determined by an analysis of selected character-states and their evolutionary trends.
, : . )

A
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Fig. 481. Henif} cladogram illustrating the relationships among the species of Leucophanes as

determined by an analysis of character-states and their evolutionary trends.
» e
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glaucim. The phylogenetic relationships of these subgenera are p_:opozo\as follows.

A -

SUBGENUS LEUCOPHANES

1. The L. angustifoltum, L. milleri, L. octoblepharloldes, L. serratulum, L. rodriguezti, and

L. seychellarum lincage

All of these species are more or less similar in gametophytic an&\mrophytic
characters. The transverse section of the leaf is composed of "a central laﬁr of
chlorocySts.surr;unded on each surface, by one layer of hyalocysts In r\nc populauons
of L. octoblepharloldes and in L. angus}lium hyalocysts on the abaxlal side of the leal
at base ffroliferate to form two :rregular layers. In L, angustifolium, addmonal layers of
hyaloﬂg develop on the adaxxal surfaces‘this is considered ap{ypncal for ll}ls species.
Some populations of L. angusufolmm have a single layer of hyalocysts lhrough most of

LY
their leaf length, this condition perhaps suggesting the ancestral state. The peristome of

_—

the four species in this lineage is composed of 16} gender, strongly papillose -foveolate
teeth with a prosiomc 2-3 cells high. °

In tt;is specie% group, Leucophanes octoblepharioides ;;;pears to be closely relate
to L. anéuslifolium. lnllerme_diatc forms of L. angustifolium approaéh v;:ry closely the
habit and leaf structure of L. octoblepha}ioides. Despitec the pyesencg;gf these
interr;\cdiales. the two species are qhile distinct through most of ‘t_heir range. Both species
- have also been observed in mixed eollectibnS' in such, each species retains its |
characteristic pattern of strucluml tures. Moreover, while L. angusufolmm occurs in
inland forests, L. octoblepharlmdes grows in both inland and littoral foredts; also, thc
former species has a much wider geographical distribution exlending from Southeast Asia”
and the tropical Pacific to Africa. I consider that L, o‘ctoblephaﬁioides is-an older speciks,
that originatéd in lowland tropical rain forests and is, at the present time, actively

radiating into littoral areas-in the islands of the tropical Pacjf ic an’perhaps also in Asia

(e.g., Japan). L. angustifolium is here considered to be derived from a L.
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oaoblcpharloldei— type ancestor of inland forests.
., B
" Leucophanes rodriguezii and L. seychellarum are closely related to L.

ocioblepharloldes in the transverse section of their leaves. Leucophanes seychellarum

’ gusti foljum in its long, narrow leaves al'thbugh the margins and costa-are
dentate. The pegi ’ also differ from L. angisgtifollum and L.
. . L3 . Y .
octoblepharioides in having Botsal plates and papiliose ventral plates.

The dentate apex and spinose costa of L. seyc:ellarum are morphologically similar to

those of L. serratulum. _@.eucophanes rodriguezii in its strongly recurved, keeled leaves
resembles members of L. glaucum, bu_l the size and shape of its hyalocysts are closer to '
'thos.c of L. octoblepharioides. Structurally, L. milleri is very close to L. octoblephar)’oidgs.
It has a more robust_ habit and it has retained the ?lesiét).'pic character of a long seta. In
spore ornamentation, L. milleri is élésely relat\ed to L. serratulum and L. seychellarum.
' Alf tﬁcse species have grossly verl;ucate to short;baculale spores with irregular deposition
"of granular material. Leucophanes seychellarum and L. milleri appear to have l;e;n
derived in insular isolau'oh from a L.-octoblepharioides-type ancestor. L. serratulum is
the only sypoicous species in Leucophanes. The leaves with strongly dentate margins, a
spinose costa and, rectangglar hyalocysts with very concave surface walls are similar to
those of L. seychellarum. The.‘ péristome is strongl;' 'papillosr f ovwlate"suggesling close
affinities with L. octoblepharioides and related species.
2. The L. molleri, L..unguiculatum, L. hildebrandtii and L. renauldii lincage.

‘In habit and other characters these four species are markedly similar to one
another. All [ ou,r.have leav‘es that, in transverse section, ﬁve one layer of hyalocysts on
each surface of the central layer of chlprocysts (a symplesiotypy); the peristome is
papillose with bar-likc thickenings that are more or less rectilinear or are amngec{ in

semi-circular conf’ igurqtions.\to peristomes with neguly smooth teeth (e.g. L.

hildebrandtii). No sporophytes are known for L. unguiculatum, but the long-rectangular
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hyalocysts of the leaves and‘the curved retuse apex with large cells are similar to those
observ;d in L. molleri. |

1t seems thai these f;mr African species arose from a L. octoblepharioides-type
ancestor; L. molleri and L. unguiculatum diverging early by the developmcm'tj long

rectangular cells while another branch gave rise to the putative ancestor of L,

mquru and L. renauldjt. y

SUBGENUYTRACHYNOTUS
The Ltucoph)les glaucum lincage.

Thcs& species appear to be closely related to members of the Subgenus ‘ '
Leucophanes. The size of hyalocysts and the presence of two layers of hyalocysts on lh?)
abaxial side of the leaf at base are shared iwith some populations of L. octoblepharioides
and L. angustifolium. The peristorhe with the inner plates papillose-foveolate, also
suggests ah ancestral relationship wilh members of Subgenus Leucophanes.

Of the three subspecies, L. g&nicum subsp. glaucum and L. glaucum subsp..vittii
are very similar in spore structure. Both have spores that are densely verrucate, with
fusion of ornamentation that gi’ve the spore a reticulate-type pattern. Spores of L.

m subsp. nukahivense are sparsely papillose and strongly isopolar when compared
with those of the other two subspecies. Unlike the spores, th: peristomes of L. glaucum
subsp. glaycum and L. glaucum subsp. nukahivense appear to be closely related. The
peristome of the latter subspecies consists of articulated, sparsely papillose teeth closely
resembling, at the base, the teeth of L. glaucum subsp. glaucum. The peristome of L.
glaucum su‘bsp. vittii consists of sh.ort. stubby, smooth teeth. This subspecies is thought
to have developed its peristomal structure by a reduction in size of the teeth concomitant
with a loss of papillae/and staations, perhaps, in relation to adaptations to drier habitats.
The gametophytes in this subspecies are small, with flexuose leaves that have short

laminar hyalocysts with collenchiyfatous walls.

)
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, ~  SUBGENUS LEIONOTUS
The Leucophanes candidum lineage.

This species represents a lineage in itself perhaps diverging early from the .
common ancestor shared with Subgenus Leucophanes. The tnmveng section of the
leaves, with 6ne layer of hyalocysts on either side of the chiorophyllous layer, the
irregularly papiliose-foveolate peristome and spere otnamentation suggest close affinities

-with megbers of Subgenus Leucophanes. Leucophanes candidum iala very distinct.’

although pluw The following combination of characters: tumid leaves,
heng&ml and inflated hyalocysts, narrow costa, peristome stron.gly papillose and

irregularly foveolate, and spore size, clearly separate this species from the rest.

Hypothetical Ancestor

By eu‘m@ny the ?if ferent .cvo;lutiontry trendg presented in the Wagner
Dendrogram, it\ is pbssible to derive a hypothetical ancestor to all species of Leucophanes
and, also correlate the major divergences to the evolution of important characters as they
occur in different linedges or clades. The ancestor of the genus is thought to have been
similar in habit and structuré to plants d{ L. milleri and L. Mcpharioldes (particularly
those populations withi a single layer of r&locysu on each side of the '\d)lorophyllous
layer). The plants were probably tall, u:e stem without a central strand, the leaves
lanceolate (7-8:1), acun}'gme. with leaf - lip gemmae, serrate margins and, smooth to
nearly smooth costa; the leaf lamma composed of two areas, awide hyaline basal area
and a multistratose ‘a‘r‘u of chlorocysts and hyalocysts. The central cmérophyuous layer
is thought to have been cox;xposed of many rows of cialorocysts in a single non-dissected
layer (without lacunae between consecutives rows of chlorocysts), and surrounded, on
the abaxial and adaxial surfaces by one layer of porose hyalocysa . The hyalocysts are
thought to have been ﬁ‘quadnte shape with rectilinear walls. The i)hnts were '
dioicous, with perichihves similar to vegetative ones, archegonia in ;erminai

3
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~$70ups of more than five; the antheridia also tPPminal, surrounded by 2-3 perigonial
bracts, these with a broad byaline base and a’mulustmoug apex patticularly the most
internal on:s. antheridia in groups of five pr more. A single sporophyte wis born at the
apex of the stem, exserted on a long seta, the capsule erect 10 subinclined with basal
stomates, the neck ungifferentiated; the peristome with a distiact prostome and 16 |
imuﬂohmdtmdyuﬂlumh nﬂnumunm
vmhom a distinct pattern or irregularly arranged lround circular depressions, transverse
walls (trabeculae) were present but obscured by papillae. The spores were verrucate with
gnnu'lar deposits irregularly distributed on the surface of the verrucae. This hypothetical
ancestor is thought to have been a corticolous epiphyte of inland tropical rain forests. Its
strucum'l and, most geminly. physiological adaputioné developing in response 1o
environmental stresses posed by the corticolous habit, perhaps, coupled with seasonally
dry periods in the forests in which it grew.

Of the varigus divergences that have occurred in the genus, perhaps one of the
carliest could be related to the elon@ation of ancesm.l quadrate hyalocysts and |
chlorocysts, this elongatiofi'maybe, related to the dissection of the chlorophyllou§ layer
into a reticulum. At the same time, or perhaps later in evolution, hyalocysts on the leaves
of members of Subgenus Trachynotus developed sinuose lateral walls and bulging curved
ends; these adaptations increasing the surface area for water retention without a marked
increase in leaf size. .

At the peristomal level, three ma jor divergences, related to pedstom§ ‘
ornamentation, appéar to have taken place. Tv\(o of these occur in mem.bers of the
Subgenus Trachynotus. One of this divergences (V) is chasacterized by the development
of irregular striations on the peristomal plates (this character-also developed in L.
octoblepharioides subsp. whittiert, a pember of Section Leucophanas) while the second
one (V") is characterized by thevabsence of ornamentation on the peristomal plates

(smooth peristome) concomitant with a reductign in the size of the teeth. The third
- ’ 4. '
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cwacuﬂudb; the ancestral foveolate peristome type. Members of the African lineage
Of L. mollerd, L. Aildedrandtii and L. renauidii developed coarse longitudinal to

semi -circular thickenings (V' )ontheperhtomhlphtuwithalwn,ﬂeneyfor
development of smooth dorsal plates.

The putstive ancestor from which Leucophanes was derived must be sought in
m&ndt?emmSern.ThhmtmﬁlypoMudlowm:
peristome of strongly ‘papillose teeth with jrregularly defined foveolate areas, a prosto'me
2-4 cells high and costate leaves having a lamina composed of two areas, a basal hyaline

portion and an uppﬁ chlorophyllous area, this perhaps irregularly bistratose.

3. GEOGRAPHICAL HISTORY OF LEUCOPHANES

Leucophanes is distributed in the.tropical and subtropical regions of the world,
from Asia to Africa, the Neotropics and the islands of the tropical Pacific. Its'
distribution coincides with the extent of the three 3\rut bbc‘of tropical rain forest in
the world. The northernmost geographical localities of ‘Lcucéﬂwm are in Nepal and
southern Japan (Ryukyu Islands). The tropical forest of Nepal is considered to be the
region where the tropical rain forest reaches farther from the Equator than anywhere else
(Liu and Yu 1980, Whitmore 1982, 1984). The southernmost locality of Leucophanes is
on the Henderson lsland of southeastern Polynesia. ¢

Two centers of species diversity can be distinguished'; one is centered in Malesia
~and areas adjacent to the tropical Pacxflc the woond one is in Africa. Malaia is a very
rich floristic region. lt has been esnmated that it contains approximately 25,000 species
of flowering plants, nearly 10% of the world's flora that is known (van Steenis, 1971).
Modern-day Malesia is a result of the cellision o’f the Australian-New Guinean plate
with Laurasia between 3 to 15 million years ago (Audley 1980, Audiey ef al., 1981b;
Whitmore, 1984). The close proximity of both plates allowed relatively rapid migration

)



of Gondwanian sad Laurasian slements north and south df their previous ranges
(Whitmore, 1981,1982). Africa, Madagascar and some of the isjaay of the Indien Comen
(¢.8.. the Seychelies), were part of Gond 71980; Audiey et al. 1981b).

Five specxesof l;dplwm have Mrdimibuuon canlcndinmm :mmlh‘
tnatmp.cmcuum Thqueu?' L.candmm L gluan L. millert, L.

oaoblcphamﬁc: and L. serrasulum. ThespeducuumdlnAmum L. Midebrandsu,

L moller!, L. renauldii, L. rodrlmzll L. 'scabribens, L. seychellarum md L.

unguiculasum . Leucoplwm u‘umﬂlm is the only species that is f ound in ﬁh

cefiters of diversity although it appears 10 be more widespread in Malesia (Fig.173). 1
Among the species distributéd in Malesia are upn with the greater number of‘

plesiotypic characters. These include L. oaoblcpha‘rbldcs and L. angustifolium, as well as

some of those considered o have many derived characters like L. candidum, L. glaucim

and L. serratulum. / I

o have been derived from a-

All the‘species distributed in Africa ué conside
puuli\;e L. oaoblepharioddn—typé ancestor and appear to be closely. The
Neotropnul outliers, L molleri and the disjunct population of L. :Iuaam are considered
to have been derived from the African and Southteast Asian relatives respecuvcl/
Leucophanes moller: is thought to have arrived in the Neotropics via long distance
disper;al; This event, perhaps a recent one (mid to late Tertiary), wking place 'af ter the
s;litting .of Africa and South America. "lzucopha'nes glaucum is most zosnibly an
introduced species. It has been documented that (;mmenul and fruit jrees (e.g..
Mangifera indica L.), and herbs were introduced from Asia into the West Indies in the
last half of the eighteenth century (Howard, 1975). It is possible that tree trunks covered
with mosses, among these Leucophanes glaucum might have been transported and
planted in GuadeloupeNo popuiitions of L. candidum ot L. glaucum have been

reported for Africa.
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Based on: (1) the distributional patterns of species of Leucophanes, -(2) their
life-mechanisms, among these; the abundant production of vegetative propagules

coupled,.in some species, with the loss of the male gametophores, and (3) comparative

studies of distrib pal patterns of other bryophytes (for a recent review of the
' ‘ ) . /
literature see Schuster 1983), I hypothesize that the genus most probably originated in

3

Southeast Asia, in the agea of the Mal;y Peninsula and adjaéem Sunda-lslémds (Greater
Sunda lsiahc;s) when these Laurasian land masses were still separated from

Gond;vanaland and its derived lang, i.e. Australian-New Guinean plate. Populations of
Leucophanes dispersed south into Australia, New Guinea and islands of the Sahul Shelf

as this plate approached Laurasia, and also after the consolidation of Malesia. The
N

" . distribution of the genus in the tropical Pacific is considered, at least In part, a more

w

recent dispersal event.

Geolbgical. paleomagnetic and paleontological data from Laurasian Southeast
_ Asia indicate that this region has been in tropical-to subtropical areas through most of its
history gtauffer, 1974)‘. The Gondwanian-deriyed flora appears to have been composed ’
of cool températe elements as observed by the strdngly marked rings in woody stems and
the paucity of taxa (Kobayashi and Shikama 1961, Fl'enle/ 1579 Schuster 1983). Thus,
prevalent tropical to subtropical conditions in%o’utheast Asia, som‘éwhat; altered i)y more
or less drier climatic fluctuations, would allow ample ti;ne f o‘r diversification of forest
clements to take place. The presence in Malesia of the species considered to have retained
most of the plesiotypic character-states, that‘-'is L. octoblepharioides, and its closest
apotypic sister group L. aﬁgusti folium as well as the presence of highly derived sister
groups like L. candidumﬂ(only known for this area) and L. glaucum tend to support this
hypothesis. | .-

Three major factors have been important in the geographical distribution of

Leucophanes south of its former range. These are: (1) the switch in reproductive

mechanisms (perhaps brought about by Ppast climatic fluctuations) with the'abundant

*
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' /’
production of asexual pro;;agules coupled with (2) its diverij!{ca;ion into coastal areas
(perhaps ecologically more exposed, drier habitats), and /(Jﬁ’) the proximity of other
continental areas to the Sunda Shelf in the late Terti y.'"rhe consolidation of Malesia
created an insular filter bridge between Laurasia ar?ic Aus;ralian-Ncw Guinean plate
that allowed for the diff erential'migrélion of ma,ﬁy laxa into these a‘reas.'

Studying the widespread distribulion/dfﬁ Leucophanes in some islands of the
tropical Pacific, a recent long distance dispé;sal event, it is not impossiblé 1o envisage a
siﬁmilar event by which t{le putative ancestor(s) of the African specics arrived in that
continent. The dispersal of this ancestor might have been through a tropical corridor that
existed 11T the near East during lhé/’late Meﬂsozoic to early Tcrliaf)' or via the Indian Ocean
or both. Many relationships lhat exists between the vascular flora of Indo-Malaysia and
Af ;ica can be attributed toA’Simple or direct migrations between tropical and subtropical
arelas of Southeast Asia, india and Africa during the early Terdfary (Raven 1972). Thus,
present day Af rican’p"opulations of Leucophanes are considered remnants of a once
continuous distrfbmion extending from Southeast Asia to ;\f Tica through the tropical
corridor of the I‘iear East. The contiﬁuity of this tropical corridor was severed during the
glaciation events of the late Tertiary that brought about the development of the deserts
of Arabia and the Near East (Raven, 1972; Raven & Axelrod, 1974) I populations of 4
Leucophanes were widely distributed in Africa and‘Soulheast Asia beford the late
Tertiary, and considering the proposed low rate of evolution of unisexual taxa, that
, iheoretically, would need more than 50-60 million year§ for the‘ evolution of distinct
species (Scmxster 1983), 1 hypbthesizeﬁhat Leucophanes differentiated as a distinct
genus, perhaps as early as the Lower to Upper‘Cretaceous period. Its present day
distribution reflects not only its paleohistory vbut also its high dispersal capabilities. The

high species endemism in the African taxa may be a reflection of their isolation from

their Indomalayan putative ancestors.
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(/ Leucophanes serratulum, the only synoicous species, is considered a neoendemic.
Its distribution in the New Guinean lowlands of Humboldt Bay, an area developed after
the Pliocenc collision of the Australian-New Guinean plate with Laurasia, su‘s a

recent origin.
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APPENDIX 1

NAMES FOR WHICH NO TYPE SPECIMENS HAVE BEEN LOCATED

Leucophanes calymperatum C. Muell., Malpighia 10:570. 1896. Type: "Prope Georgetown ad‘
cataractas "Marshall falls® fluvii Mazaruni a. cl. J. Quelch collecti”. ’ ) ”
Leucophanes minutum C. Muell. in Geh., Biblioth. Bot. 13:2. 1889. Typt Fl) River
(Branch), alliis muscis parcissime lmcrmnxtum leg. W. Bauerien”.

Leucophanes naumannii (C. Muell.) C. Muell., Forschungsr. Gazelle Bo& 4(5):51. 1889,
Basionym: Leucobryum naumianii C.. Muell., Bot. Jahrb. 5: 85. 1883. Type: "Nova Guinea.
Leg. Naumann n.s.”

 Leucophanes prasiophyllum Besch ., Bull. Soc. Bot. France 45:156. 1898. Syntype: "No. 217.
Leg. J. Nadeaud”.

Leucophanes pucciniferum C. Muell., Bot. Jahrb. 5: 85. 1883. Type: "Leucophanes .

-

Vi ' . P
(Leionotus) pucciniferum. Inter omnes congeneres L. vitiano mihi proximum, sed fellis apice

fepandolimbatis puccinigeris distincte :lbidc’mucronatis longe diversum. (Anachorclcs) S

Leucophanes rodriguezii Ren. & Card., Bull. Soc. R. Bot. Belg. 32(2): 113, Type: "Hab.

BourSon (Rodriguez).-(Renauld, Musci mas¢. mad. exsicc,, no. 110)."

Leucophanes scabridens P. Vard., R.ev. Bryol. Lich. 8:52. 1. 1935. Type: "Hab. Fortt de

Mayumbe, 150 km N.E. Mayumba (Leg. Dubois, comm. Hemery) dhenyounga.- Piti Masanéo
- Sacamicandra- Mzocou - Nzoumou (Leg. LeTestu)

Leucophanes smaragdinum (Mitt.) Jaeg., Ber. S. Gall. Naturw Ges. 1877-78: 391. 1880 (Ad.

2:655). Type: "Viti. Seeman inter No. 863".

Leucophanes tahmcum_Besch.. Bull. Soc. Bot. France 45:57. 1898. Syntype: "No. 219 bis. Leg.

J. Nadeaud".

-Leucophanes vitianum C. Muell., J. M'us. Godeffroy 3(6): S8. 1874, Type: "Fidschi:insulae,

Ovalau, ad basin Rhizogonii s?!asi in cacumine*montis Tana-lailai, 2000 alt.: Dr. Ed. Graeff e

chr'. .1'864 parcissime legit. ”
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APPENDIX 2

" NOMINA NUDAIN LEUCOPHANES

Leucophanes aciculare C. Muell., Gen. Musc. Fr. 86. 1900.= L. candidum (Schwaegr.) Lindb.

Ad. Card. in Fleisch., Nov. Guinea B3):741. 1914,

Leucophanes apiculatum Hamp. in C. Muell., Gen. Musc. Fr. 86. 1900.

L. arthrocormioides C. Muell. in Card., Rev. Br‘yol.‘26:"-l. 1899 = Exodictyon arthrocormioides
“Fleisch. |

Leucophanes blepharioides Schimp. in Jard., Bull. Soc. Linn. Normandie ser. 2, 9:264-265.

1875.

Leucophanes compactﬁm Broth. in C. Muell., Musc. Fr. 86. 1900.

Leucophanes expallescens Card., Mem. Soc. Sc. Nat. Cherbourg 32:35. 1901.

Leucophanes fusculum C. Muell. in Geh., Biblioth. Bot. 44: 5. 1898. nom. nud. in synon.= L.

reinwardtianum C. Muell. fid. Geh. 1.c/# L. candidum (Schwaegr.) Lindb. fid. Fleisch. Musci

F1. Buitenzorg 1: 183. 1904, » |

Leucophanes octoblepharis Kindb., Enum. Bryin. Exot. 92. 1889 = ? L. octoblepharigides Brid.

Leucopha&s pugionatum C. Muell., Gen. Musc. Fr. 86. 1900.

Leucophanes reinwardtianum C. Muell. fid. Geh.lc. = L. candtdum (Schwaegr.) Lindb. fid.

Fleisch. Musci Fl. Bmlenzorg 1:183. 1904,

Leucophanes subalbescens Broth., Nat. Pfl. 1(3):347. 1901].

Leucophanes tvifaria Hamp. in Doz. et Molk., Bryol. Jav. 1:25. 1855 nomen nud. in synon. =

Arthrocormus schimperi (Doz. et Molk.) Doz. et Molk. fid. Doz. et Molk. l.c.
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