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Abstract. The growth habit of the Hedwigiaceae has been described variously as
acrocarpous, pseudopl eurocarpous, or pleurocarpous. Anatomical evidence presented
hereindicatesthat Hedwigiaciliataisacrocarpous. Thearchegoniaareterminal onthe
main shoot, and the branching pattern is sympodial. The main axis of each plant thus
consists of a succession of subterminal innovations, rather than a single shoot of
indeterminate growth. Since the plants are plagiotropic and are pleurocarpous in
appearance, thisgrowth pattern can be also called pseudo-pleurocarpous.

Resumen. El habito de crecimiento presenteen las Hedwi gi aceae se hadescrito como
acrocarpo, pseudopleurocarpo, o pleurocarpo. Laevidenciaanatémi capresentadaaqui
indicaque Hedwigia ciliata es acrocarpo. Los arquegonios sonterminalesen €l tallo
principa y el patron de ramificacion es simpodico. El ge principal de una planta
consi stede unasuces 0n deinovacionessubterminales, envez deuntallo principal de
crecimientoindeterminado. Dado quelasplantasson plagiotropi casy son pleurocarpicas

en apariencia, este habito también puede denominarse pseudo-pleurocarpo.

I ntroduction

The majority of mosses are modular in
their individual construction aswell asin
their colonial structure. The general
appearance of the colony is commonly
referred to asthe'lifeform' (Mégdefrau,
1982), whereas the general morphology
of theindividual isoftenreferredtoasthe
‘growth form' (Gimingham and Robin-
son, 1950; Horikawa and Ando, 1952;
Mégdefrau, 1982; Meusel, 1935). In
additiontogrowthform, thesynonymous
terms'growth pattern’, and 'growth habit’
areaso used in this paper.

Despite the morphological diversity
exhibited by moss gametophores, there
aretwo basic growth forms: acrocarpous
and pleurocarpous(Schofield and Hébant,
1984). These have commonly been

defined by the position of the perichaetia
and by thebranching pattern. Perichaetial
positionand branching patternareusually
deduced from the mature architecture of
themosses. Insomemossesamoredetailed
study has been necessary to understand
thegrowth habit. Correns(1898), Koponen
(1982), Meusel (1935), and Stark (1985)
have suggested additional morphological
aspects that can be studied, for example
phyllotaxy, arrangement of branch
primordia, presence of pseudoparaphyl-
lia, and final branch orientation, among
others. However, as Schofield and Hébant
(1984) have stated, ‘branching of moss
gametophores.... hasbeenlittlestudiedin
itsanatomical aspects'.

The growth habit has been considered of
particular phylogeneticimportanceinsome
moss taxa. For example, severa studies
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haveused morphol ogical aspectsof growth
form as abasis for taxonomic decisions
(cf. Koponen, 1972, 1979; Nishimura,
1985; Sastre-De Jeslis, 1987; Tuomikoski
andKoponen, 1979). Also, Buck and Vitt
(1986) erected several groupsof families
(orders and suborders) based on a
combination of peristomial features, the
position of archegoniain relation to the
main shoot, and the type of branching.
Moreover, detailed study of theallegedly
pleurocarpousgrowth patternin Mesotus
(Lindberg, 1873; Allen, 1987 a) was
helpful in reassigning it to a systematic
positionamongtheacrocarpousfamilies.

Understanding of the phylogenetic rela-
tionships of the Hedwigiaceae has been
limited by uncertainty about the type of
growth habit and the lack of aperistome.
The purpose of thisresearch wasto study
the growth form of Hedwigia ciliata
(Hedw.) Ehrh. ex P. Beauv., based on
devel opmental anatomy.

Thefamily Hedwigiaceaehastraditionally
includedsix genera: HedwigiaP.-Beauv.,
HedwigidiumB. S. G., BrauniaB. S. G.,
Pseudobraunia (L esg. and James) Broth.,
Rhacocarpus Lindb., and Bryowijkia
Noguchi (Barthlott and Schultze-Motel,
1981; Brotherus, 1925; Vitt, 1982).
Currentresearch (DeL una, 1989; inpress)
corroboratesearlier suggestionstoexclude
Rhacocarpus (Buck and Vitt, 1986) and
Bryowijkia (Vitt and Buck, 1984) from
the Hedwigiaceae. Thus, the
Hedwigiaceaeistreated here asafamily
of four genera of predominantly
saxicolous mosses, with rugose spores,
globular protonemata, ecostate leaves,
papillose, short leaf cells, and eperistomate
capsules.

Thegrowth habitintheHedwigiaceaehas
beenvarioudly interpreted asacrocarpous
(Hedwig, 1801; Bruchetal, 1846), pseudo-
pleurocarpous(Frey, 1970; Meusdl, 1935),
cladocarpous (Frey, 1970), or
pleurocarpous(Brotherus, 1925; Buck and

Vitt, 1986; Frey, 1970; Vitt, 1982). A
number of authors described Hedwigia
ciliata as having archegoniaterminal on
mainorlatera branches, andtheyimplicitly
interpreteditaspleurocarpous(Catcheside,
1980; Crumand Anderson, 1981; Ireland,
1982; Jones, 1933; Nyholm, 1960;
Sainsbury, 1955; Sim, 1926; Smith, 1978).
However, Scott and Stone (1976) expli-
citly described the growth pattern in H.
ciliataassympodial, ‘thestemsendingin
capsuleproductionand being replaced by
oneor twosidebranchesfromjust below.’

The developmental basis for the growth
habit hasnever beenfully describedinH.
ciliataorinany other speciesbelongingto
thisfamily. It wasexpected that anatomical
study of the perichaetia position and
branching points of Hedwigia ciliata
would provideabetter characterization of
the growth habit of thefamily.

Recent studies of growth form in plants
have stressed the developmental
significance of an architectural analysis
(Halléeta, 1978). Accordingto Donoghue
(1981), 'thestudy of growth patternsisthe
searchfor regularitiesin theconstruction
of plants and the analyses of how such
regularities are related to plant form.'
Although conceivedtodescribethearchi-
tecture of trees, some of the concepts
reviewed by Donoghue(1981), Halléet d
(2978), Tomlinson (1978) and White
(1984) can be applied to an analysis of
moss architecture. Such a dynamic
approachto morphology helpstoidentify
the structural components and specific
devel opmental processesthat account for
the growth form of mosses.

M ethods

Populations of Hedwigia ciliata were
collected on acid rocks in a deciduous
forest in the Piedmont of North Carolina
(De Luna 1751, 1752, DUKE). These
populations were kept moist in a large
covered tray and placed in awindow-sil|



Figs. 1-3. Acrocarpy in Hedwigia ciliata. 1.- Tip of maimn shoot with terminal archegonia
and a subterminal innovation. 2.- Archcgoma and distal part of thc main shoot laterally
displaced by growth of a subterminal innovation. 3.- A complete plant illustrating a main

axis consisting of a chain of innovations.

Results

The growth habit of Hedwigia ciliata is illustra-
ted in Figs. 1-3. Most shoot apices either had
archegonia and one bud (Fig. 1), or archegomia
and a branch innovation (Fig. 2). Also, plants
often had two or three capsules of different
developmental stages. Capsules were always
terminal on what appeared to be short lateral
branches (Fig. 3). A detailed description of the
plants based on anatomical obscrvations 1s
presented below. This description begins with
the shoot apex, then continues with the forma-
tion of branch initials, the differentiation of
archegonia, and the growth of innovations.

A shoot develops as a result of the activity of an
apical cell. The apical cell is tetrahedral and
has three cutting sides. In cross section, the cell
derivatives arc wedge-shaped (Fig. 4). The

pattern of division of the apical cell is a helicoi-
dal 3/8 pattern throughout shoot development.
Leaves develop from the upper cell of the outer
segment in each merophyte (Fig. 5). As the
shoot develops, a heteroblastic leaf senes 1s
produced in which the first leaves retain juveni-
le features while later leaves develop characte-
ristic adult features.

Few lateral buds are differentiated during shoot
development. Secondary apical cells develop
from the lower cell of the outer segment of a
merophyte. Not all merophytes differennate
sccondary apical cells. A lateral bud consists of
an apical cell surrounded by cell derivatives
and a few leaf imitials. Some buds develop mto
very short perigonial branches (Fig. 6) while
the apical cell of the mamn shoot 1s stll active.
Other buds remain dormant. In any casec, buds,
branch primordia, and mature branches have
no pseudoparaphyilia.
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Figs. 4-5. Anatomy of the branching pattern in Hedwigia ciliata. 4.- Transverse section of

the shoot apex showing the

apical cell and an helicoidal scgmentation pattern. 5.-

Longitudinal section of the shoot apex illustrating the apical cell and merophytes.

The archegonia in H. ciliata is terminal on the
main shoot, as in all acrocarpous mosses (Figs.
1, 7). Six to ten archegonia develop from the
apical ccll and recently denved merophytes.
Within the perichaetium, archegonia mature in
basipetalous succession. Only one capsule
develops to matunity within each perichaetium.

The branching pattern of H. ciliata 1s sympo-
dial. As onc or rarely two subterminal buds
begin to grow, they displace laterally the tip of
the previous shoot (Figs. 7-9). Capsules then
appear to be terminal on short lateral bran-
ches’. However, longitudinal sections show that
each of these ’lateral branches’ is the distal
portion of the original main shoot laterally
displaced by the growth of a subterminal inno-
vation (Fig. 9).

As the imnovation developes, it produces the
same heteroblastic series of leaves that 1s pro-
duced by the primary shoot. This heteroblastic
leaf series can be used to interpret the architec-
ture of mature plants. A plant can be recogni-
zed as consisting of a chain of innovations. The
base of each innovation is marked by the pre-
sence of small juvenile leaves and a sudden
change in the thickness of the branches. The
innovation is slender at its point of attachment
to the main shoot. The end of an innovation is
marked by large mature leaves and a capsule.

The examination of herbarium specimens of
other populations of H. ciliata for these criteria
suggests that the same acrocarpous growth
form is developed regardless of the geographi-
cal location, altitudinal distribution, size of the
colonies, and degree of exposure of the habitat.
Furthermore, observations of additional her-




Figs. 6-9. Anatomy of the branching pattern in Hedwigia ciliata. 6.- Longitudinal section of
a perigonial  branch and the point of attachment to the main shoot. 7.- Longitudinal
section of the distal part of a main shoot with archegonia and a subterminal bud. 8-
Longitudinal section of a young branching point with a subterminal innovation. 9.-
Longitudinal scction of an old branching point; the apex of the older innovation has a
capsule.
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displaced by the growth of asubterminal
innovation (Fig. 9).

Astheinnovation developes, it produces
thesameheterobl astic seriesof |eavesthat
is produced by the primary shoot. This
heteroblastic leaf series can be used to
interpret thearchitectureof matureplants.
A plant can berecognized asconsi sting of
achain of innovations. The base of each
innovation is marked by the presence of
small juvenileleavesand asuddenchange
in the thickness of the branches. The
innovation is slender at its point of
attachment to the main shoot. The end of
aninnovation is marked by large mature
leaves and a capsule.

Theexamination of herbarium specimens
of other populationsof H. ciliatafor these
criteriasuggeststhat thesameacrocarpous
growth form is developed regardless of
the geographical location, altitudinal
distribution, sizeof thecol onies, anddegree
of exposure of the habitat. Furthermore,
observations of additional herbarium
specimens of other generain the family
suggest that, although sizeand frequency
of innovationsvaries, the growth pattern
in Hedwigidium, Braunia, and
Pseudobrauniaisalso acrocarpous.

Discussion

According to Schofield and Hébant
(1984), all acrocarpous mosses are
characterized by terminal perichaetiaon
main shoots of determinate growth.
Branching of the gametophytic shoot is
thus sympodial in acrocarpous mosses
(Flowers, 1973), with the exception of
some annual mosses like Bruchia or
Pleuridium, that do not branch at all.
Branches of an acrocarpous mosses may
be orthotropous, i.e., vertically oriented,
or plagiotropous, i.e., horizontally
oriented.

Incontrast, pleurocarpousmossesarecha
racterized by perichaetia positioned on

lateral branches. Frequently thesebranches
areonly small slender budsat the sidesof
themainshoot (Flowers, 1973). Generally,
the growth of the main shoot is
indeterminate and thus branching is
monopodial (Buck and Vitt, 1986;
Flowers, 1973; Schofield& Hébant, 1984),
athoughafew mossesapparently combine
monopodial and sympodia branching.
Most pleurocarpous mosses develop
plagiotropic shoots; however, some of
them also devel op either erect or pendant
branches.

The present description of archegonial
andbranchformationinH. ciliatafitsthe
definition of acrocarpy in mosses.
Furthermore, theorgani zation of theshoot
apexinHedwigiaciliataisalsosimilar to
that describedin other acrocarpousmosses
(Berthier, 1972; Frey, 1970, 1974). The
mature plantsof H. ciliata are pleurocar-
pous only in appearance, since they are
prostrateand bear capsuleson what seem
to be very short lateral branches. The
resultsfromthisstudy show that themain
axisof thismossisachain of sympodial
plagiotropic innovations rather than one
shoot of indeterminate growth.

Each unit (i.e., innovation) of the main
axis of H. ciliata constitutes a module
(sensuWhite, 1984), sinceit consistsof all
the products of an apical cell. Thus, the
architectura model (sensu Hallé et al,
1978; Tomlinson, 1978) includesrepeated
equivalent sympodial units which
congtitutethepl agiotropicleader axis(i.e.,
a sympodium), as well as lateral
adventitious branches, also plagiotropic,
which devel op at the base or medial parts
of each sympodial unit.

This type of growth habit has been
sometimes called pseudo- pleurocarpous
(Buck and Vitt, 1986; Meusel, 1935).
Anatomical evidence presented here
corroborates earlier accounts (Hedwig,
1801; Meusel, 1935; Bruch et al, 1846;
Scott and Stone, 1976) that described H.



ciliata as acrocarpous or pseudo-
pleurocarpous. Meusel (1935) also
described Hedwigidium as a pseudo-
pleurocarpousmoss. However, no anato-
mical dataon Hedwigidiumareavailable
yet.

It has been suggested that the modular
structure of mosses can berecognized in
herbarium specimens through the
examinationof theheterobl asticleaf series
that is produced each time a module
develops (Mishler, 1986). The available
anatomical dataonmodul eformationdoes
not contradict observationsof the hetero-
blasticleaf seriesinH. ciliata. Similarly,
based solely on observationsof herbarium
specimens, it seemsthat the growth habit
in Hedwigidium, Braunia, and
Pseudobraunia is also pseudo-
pleurocarpous.

A pseudo-pleurocarpous growth habit is
uncommon, but presentinafew groupsof
diverse relationships, notably speciesin
the Grimmiaceae and Orthotrichaceae
(Buck and Vitt, 1986), Mesotus
(Dicranaceae, Allen, 1987 a), and
Dicnemonaceae (Allen, 1987 b). Since
pseudo-pleurocarpy has apparently
originatedindependently insevera groups,
growth habit aloneis of limited valuein
assessing the systematic position of the
Hedwigiaceae.

The Hedwigiaceae has been classified in
three different orders based on several
features. For example, the growth form
that resembles pleurocarpy is similar to
that of mosses in the Grimmiales,
Orthotrichales, and Isobryales. The |eaf
cellshavesinuosewallsandaresimilar to
those in the Grimmiales. However, the
multiplepapillaearesimilar tothoseinthe
Orthotrichales, and some familiesin the
Isobryales. Finally, theecostateleaf isan
additional feature shared with several
familiesinthel sobryales.

Currently, most floristicworksincludethe
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Hedwigiaceae among the pleurocarpous
families with diplolepidous peristomes,
close to the Leucodontaceae, in the
Isobryales. According to Vitt (1982),
“affinities to the Leucodontaceae are
evident in the capsules, basal cells, and
leaf characters.” However, theresultsfrom
the present study indicate that the
Hedwigiaceae may not belong in the
Leucodontales or any other group of
pleurocarpous mosses.

Smith (1978) classifiedtheHedwigiaceae
inthe Orthotrichal es, another group with
diplolepidous peristomes. A relationship
tothe Orthotrichineae (sensu Vitt, 1984),
closeto Orthotrichaceae, issuggested by
theshapeof |eaf cellsand papillaeduring
shoot development, the type of calyptra
development, as well as the acrocarpous
growth habit.

TheHedwigiaceaehasalsobeenclassified
among thepseudo- pleurocarpousmosses
with haplolepidous peristomes, i.e. near
Grimmiaceae (Jones, 1933; Crum, 1976).
However, a peristome is lacking in the
Hedwigiaceae, soitisdifficulttosalectthe
most plausible hypothesis of its ordinal
relationships at present (Crum, 1976).
Studiesof developmental anatomy of the
annular region of the capsule now in pro-
gress may provide a resolution to this
problem.

Besidesthepotential useof growth pattern
inevaluationsof thesystematic position of
the Hedwigiaceae, it also may help to
evaluatethecircumscription of thefamily.
The available information suggests that
several characters, like spore
ornamentation, protonemal devel opment,
shoot development, and leaf cell shape
and papillae, areshared only by speciesin
Hedwigia, Hedwigidium, Braunia, and
Pseudobraunia. The basic pseudo-
pleurocarpous pattern is also shared by
thesefour genera. Thus, thisinformation
seems compatible with the preliminary
interpretation that Rhacocarpus and
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Bryowijkia should be excluded from the
Hedwigiaceae, and that theHedwigiaceae
includesonly thespeciescurrently included
in Hedwigia, Hedwigidium, Braunia and
Pseudobraunia. However, the
circumscription of the family is a
taxonomic problem still under study.
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