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This is the first of two papers embodying the main conclusions of a thesis
accepted for the degree of Ph.D. by the University of Edinburgh (McNeill,
1960a). The thesis dealt with the Arenaria group of genera and fell into
two parts: in the one a general examination was made of generic and
infra-generic limits on a world basis, while the other represented the
results of a complete revision of the species occurring in the Orient.
Descriptions of nine new species of Arenaria and Minuartia from this
area have already been published (McNeill, 1961).

This present account covers the generic and infra-generic revision; the
full revision of Orient species will be published in the succeeding paper.
Discussion of evolutionary trends, enumeration of chromosome numbers
and citation of specimens examined, all forming extensive parts of the
thesis, are being omitted from these extracts for publication.

During a two month visit to Turkey in 1956 (as botanist on the Oxford
Expedition to South Eastern Turkey), the author was able to observe
and make collections from a wide range of habitats in both the Mediterr-
anean and Irano-Turanian vegetation regions. A number of species of the
group were found growing in the wild and the insight thus gained into
their phytogeography and ecology has been of great value in the present
studies.

The taxonomic revisions have been based chiefly on the collections in
the Herbaria of the Royal Botanic Garden, Edinburgh and the Royal
Botanic Gardens, Kew. Visits have also been made to the Herbaria at the
British Museum (Natural History), the Linnean Society, the Manchester
Museum and the Department of Botany, University of Oxford. For the
revision of the Orient species valuable type material has been borrowed
from the Conservatoire et Jardin Botaniques, Geneva, the Museum
National d’Histoire Naturelle, Paris and the Instituto Botanico dell’
Universita, Turin, while the entire Orient collections of the following
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Herbaria have been examined: Institut fiir Spezielle Botanik und Her-
barium Haussknecht, Jena; Institutum Botanicum Universitatis Carolinae,
Prague (Minuartia only); Naturhistoriska Riksmuseum, Stockholm;
Naturhistorisches Museum, Vienna; and Botanische Institut und
Botanischer Garten der Universitdt, Vienna.

1 am indebted to the Directors of all these Institutes for their co-
operation. In particular my thanks are due to the late Professor Sir
William Wright Smith and to Dr. H. R. Fletcher, of the Royal Botanic
Garden, Edinburgh, for their generous provision of material and facilities.
For advice and assistance throughout the revision and in the preparation
of this paper, I am especially indebted to Dr. P. H. Davis.

Financial support during the major part of these studies was provided
by the Carnegie Trust for the Universities of Scotland, to whom grateful
acknowledgement is made.
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STUDIES IN THE ALSINOIDEAE: I 81
INTRODUCTION

The members of the sub-family Alsinoideae are distinguished from the
Silenoideae by their free sepals, and from the Paronychioideae (including
Spergulineae and Illecebraceae) by their exstipulate leaves and by possess-
ing true petals (not petaloid staminodes).

The present studies have been confined to the free-styled capsular
members of the sub-family, that is to the sub-tribes Stellariinae and
Sabulininae of Pax and Hoffmann (1934, pp. 295-296) as amended by
Mattfeld (1934, p. 367). These sub-tribes are regarded in the “Pflanzen-
familien” as comprising 11 and 10 genera respectively, but the number of
generic names referable to them approaches 100.

Within this group of plants, there exist three more or less readily
recognisable aggregations (plus one very aberrant genus Schiedea,
including Alsinidendron, whose true affinities may well be with the
Paronychioideae). These aggregations, which do not necessarily follow
natural relationships, are what may be described as the Stellaria-Cerastium
group (including also Myosoton, Holosteum, Moenchia and possibly
Pseudostellaria), the Sagina group (including also Colobanthus) and the
Arenaria group. This last is the largest, both in number of species and in
generic diversity. In addition to the generic complex making up Arenaria
in the very broadest sense, there are five related genera (four of them
monotypic) whose distinctiveness has rarely, if ever, been questioned.
These are Thylacospermum, Thurya, Gooringia, Reicheella and Buffonia,
the last a very natural Mediterranean genus of 10 species with a char-
acteristic habit. Of the monotypic genera, Thurya, confined to the Cilician
Taurus in Turkey is very distinct, but the other three could well be no
more than extreme derivatives from different groups of Arenaria. This is
certainly so in the case of the Tibetan genus Gooringia, whose one species
(G. littledalei) is no more than a much reduced representative of Arenaria
Subgenus Odontostemma, with which it has been included in this account.
Thylacospermum, a densely pulvinate plant of the mountains of Central
Asia (including the Himalayas) seems related to A. densissima in Subgenus
Dolophragma, while Reicheella from the mountains of Chile would seem
either to be related to the South American Subgenus Dicranilla or else to
be outside this affinity altogether, and related to genera such as Pycnophy-
llopsis or Plettkea, with indehiscent fruit.

The following artificial key to the free-styled, capsular members of the
Alsinoideae defines the Arenaria complex of genera.

la. Staminal glands + petaloid, opposite the sepals; petals absent;
inflorescence usually very lax, thyrsoid or paniculate (Hawaiian
Islands) : P Schiedea

1b. Staminal glands varxously developed not pelalold petals alternating
with sepals, rarely absent; inflorescence various, often a 4 regular
dichasium . .

2a. Petals bipartite or deep]y bifid, rarely absent; p]ants usually diffuse
with relatively broad leaves; seeds exstrophiolate; capsule opening
by twice as many teeth as styles; rootstock without tubers (except

some spp. of Cerastium with 5 carpels)
Cerastium, Myosoton and Stellaria
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2b.

3b.

4a.

4b.

6a.

6b.

. Dense low-growing cushion plants; flowers small (c. 2-3 mm.) with

7b.

8a.

8b.

=3

9a.

9b.
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Petals entire, emarginate or fimbriate, occasionally absent, or very
rarely + deeply bifid, if absent leaves subulate or setaceous or plant
densely pulvinate or seed strophiolate, if bifid capsule opening by
as many valves as slyles (2) or rootstock bearing small tubers (and
carpels 3), or leaves spiny, setaceous A %

. Inflorescence an umbel-like cyme with the long pedicels becoming

reflexed ; seeds dorsally compressed (scutiform with median hilum);
capsule cylindrical (C. Europe, Mediterranean and W. Asia)
Holosteum

Inflorescence various, never a lax umbel, pedicels usually erect or
spreading; seeds sphencal or laterally compressed (usually reni-
form); capsule various, rarely cylindrical 4

Carpels 4-5 . 5 o Colobanthus, Moenchia and Sagina
Carpels 2-3 (in a few abnormal flowers 4 or 5) . 3 s 5
Flowers dimorphic; chasmogamous fls. in the axils of the upper

leaves, with 5 large, entire or rarely bifid petals and an ovary of 3
carpels; cleistogamous fls. at the base of the stem with petals small
or absent; rootstock bearing small tubers; leaves relatively large;
plants with habit of Stellaria (Alps; C. & E. Asia) Pseudostellaria

. Flowers all chasmogamous or very rarely some in the lower part

cleistogamous and then ch mous fls. usually with 2 carpels
and often fimbriate petals; rootstock without tubers .

Sepals united at the base into a short tube . + P 5 7
Sepals free to the base i . : P ; i ; 8

a rather membranous calyx enclosed by the upper leaves; capsule
opening by twice as many valves as styles (2-3) (C. and S. Asian
mountains) . 3 . Thylacospermum
Erect tufted rather spiny planls ﬂowers ra!her large (c. 10 mm.) in
terminal clusters with the calyx hardened at the base; capsule
opening by as many valves as styles (3) (S. Turkey) . Thurya

Sepals and petals 4; stamens (4-)8; carpels 2; plants densely pulvinate
with tetrastichous leaves or strictly erect with appressed subulate
leaves; seed not strophiolate . .

Sepals and petals 5, rarely 4 and then calpcls 3or 1fcarpels 2, capsule
opening by 4 valves and either diffuse plants with spreading leaves
and strophiolate seeds or small moss-like plants with stamens
reduced to 2 . 5 2 . “Arenaria sensu latissimo™

Plants low-growing, densely pulvinate, with ovate tetrastichous leaves
with a narrow membranous margin; flowers solitary (capsule
unknown) (Chile) , Reicheella

Plants strictly erect with appressed subulale leaves flowers in a spike
or panicle; capsule opening by 2 valves (Mediterranean)  Buffonia

The aggregation of genera which have at various times been included
within Arenaria (notably by Bentham in Bentham & Hooker, 1862) has
therefore the following diagnosis:
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Sepals 5 (rarely 4), free to the base; petals 5 (rarely 4 or 0), entire,
emarginate, crenate or fimbriate (very rarely bifid, cf. Lepyrodiclis)
stamens 10 (or sometimes 5 + 5 staminodes, or rarely reduced to
few e.g. 2 or 3); carpels sometimes 2 usually 3; seeds globose or laterally
compressed (usually reniform).

There 15 thus no smgle character by which genera such as Buffonia,
ia can be disti d from the Arenaria
aggregate (unless it be the presence of small tubers in the last named).
In “Arenaria sensu latissimo” however, tetramerous flowers with two
carpels are only known to occur in species of Moehringia with its dis-
tinctive strophiolate seeds and characteristic habit, and in one (or possibly
a few) very reduced species of Aremaria Subgenus Odontostemma—A.
littledalei (= Gooringia littledalei). The discrimination of Buffonia with its
bicarpellary tetramerous flowers, undivided capsule valves, and very
distinct facies, thus presents no difficulty. Doubts as to the generic
position of Reicheella have already been expressed and in the absence of
adequate material from South America its status must remain in doubt;
indeed no specimens of Reicheella have been seen though it is figured
(poorly) in Philippi, 1891 (t.I. f. 7. as Lyallia andicola). Pseudostellaria
(=Krascheninnikovia) appears to be a natural, if ill-defined, “buffer”
group between Arenaria on the one hand and Stellaria on the other (cf.
Ohwi, 1937, Schaeftlein, 1957 and Takeda, 1913).

Generic delimitation in the Arenaria group has always been a matter of
dispute. For the last 100 years this has involved two opposing viewpoints;
the one maintained to-day chiefly by American botanists regards “The
unity of the genus Arenaria” (Fernald, 1919) as almost axiomatic; the
other, generally held by European workers, divides the group into three
main genera Minuartia, Arenaria and Moehringia (and a varying number
of smaller ones) distinguished technically by the number of capsule teeth
or valves and the presence or absence of a strophiole on the seed. Although
there is probably some basis for these divergent viewpoints if weight is
given to either New or Old World representation alone, it should be
noted that this has not always been the case, for both Asa Gray and
Small kept the group divided while Bentham and Hooker favoured a
single genus. Both the history of the taxonomic treatment of each of these
three main divisions and the nature of the variation within each group
differ greatly. As a result the present work has taken a different form for
each group.

In Minuartia, in which the capsule opens by as many valves as there
are styles, there are about nine or ten clearly defined natural subdivisions
which have been recognised since the time of Fenzl (1840). The genus was
very competently monographed by Mattfeld (1922), who proposed a
satisfactory classification of these sections. As a result the present con-
tribution will be confined to slight emendations and to corrections in
nomenclature.

In Arenaria the capsule opens by twice as many teeth or valves as there
are styles (or with an equal number of bifid teeth). The infra-generic
classification of Arenaria is very confused, partly because only a few
mostly very large natural groupings stand out and partly because Williams
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(1898) employs a rather artificial single-character arrangement which not
infrequently overrides recognised affinities. To bring the same degree of
clarity to Arenaria as exists in Minuartia it is necessary to provide a
reclassification which refers for its basis back to the major groupings
recognised by Fenzl in 1833 and 1840.

By far the smallest of the three main subdivisions of the Arenaria
group is Moehringia, with about twenty species, mostly in Europe. It is
distinguished from Arenaria s.s. by the presence of a white or brown
appendage (strophiole) on the seed near the hilum. The arrangement
proposed by Nyman (1854-55; 1878) and followed by Graebner (1915-16)
in their accounts of the European species is, on the whole, a satisfactory
one.

The smaller genera recognised by many European and other authors
include Brachystemma, Moehringella, Gouffeia, Wilhelmsia (= Merckia),
Lepyrodiclis, Greniera, Hymenella, Honkenya, Cherleria, Rhodalsine and
Queria; of these the six last are included by Mattfeld in his monograph of
Minuartia, while a revision of the three species of Lepyrodiclis was
recently published by Wagenitz (1957).

HisTORY OF THE CLASSIFICATION OF THE GROUP

In the first edition of “Genera Plantarum™ (1737), Linnaeus included
only one genus referable to the group, namely Arenaria itself, but by
1753, he recognised five genera: Minuartia and Queria, closely related
xerophytic genera with a reduced number of stamens; Moehringia with
tetramerous flowers; Cherleria a monotypic apetalous genus; and Arenaria
itself with 12 species embracing plants with the capsule splitting by both
3 and 6 valves or teeth.

In passing it may be noted that in 1753 the genus A/sine contained two
species (now referable to Stellaria and Spergularia respectively) but in
the second edition of “Species Plantarum” (1762) Linnaeus transferred
one of the species originally published in Arenaria (Ar. mucronata) to
Alsine and thereby initiated one hundred and fifty years of confusion in
the application of this name. The exact identity of Als. mucronata (L.) L.
has not been established but it refers to a species of Minuartia (Sect.
Sabulina or Sect. Minuartia—possibly M. mutabilis= M. rostrata). Stokes
(in Withering, 1787) and Villars (1789), both realised the heterogeneity of
Alsine and the latter transferred the type species Als. media to Stellaria, Als.
segetalis to Spergula and Als. mucronata back to Arenaria. Gaertner (1791),
however, emphasising the character of capsule dehiscence, took up the name
Alsine exemplifying it by Als. mucronata and the name came to be used
for those Arenarias with a 3-valved capsule (now correctly known as
Minuartia). The history of Alsine and its displacement with the coming
of the type concept has been discussed at length by many writers—e.g.
Hiern (1899), Briquet (1910), Moss (1914), Fernald (1919 a and b) and
particularly Sprague (1920). Not all these authors have been in agreement
on details but the correct application of each name can be seen from the
following summary of type species and of the first uniting of genera:
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Genus Type species
Alsine L. (1753) Als. media L. (=Stellaria media
(L.) Vill)
Arenaria L. ( » ) Ar. serpyllifolia L.
Cherleria L. ( » ) Ch. sedoides L. (
(L.) Hiern)

Minuartia L. ( » ) Min. dichotoma L.

Moehringia L. ( » ) Moehr. muscosa L.

Queria L. (») Q. hispanica L. (= Minuartia hamata

(Hausskn.) Mattf.)
Stellaria L. ( » ) St. holostea L.
first name
Genera united by chosen
Alsine, Arenaria, Moehringia, Sagina,

Spergula and Stellaria (together) Scopoli  (1772) Stellaria
Cherleria and Arenaria Bentham (1862) Arenaria
Minuartia and Arenaria Bentham (1862) Arenaria
Moehringia and Arenaria Bentham (1862) Arenaria
Cherleria and Minuartia Hiern  (1899) Minuartia
Queria and Minuartia Mattfeld (1921) Minuartia

It is clear, therefore, that the name Alsine falls into disuse (so long as
Stellaria media is regarded as congeneric with S. holostea), and moreover
that when the genera with 3-valved capsules are united (Cherleria,
Minuartia and Queria) the correct name for the resultant genus is Minuartia
and not Cherleria as used by Sampaio (1913) or any new name such as
Alsinopsis proposed by Small (1903).

As has been noted above, Gaertner (1791) was the first to realise the
importance of capsule dehiscence in the classification of the group; the
validity of the separation into two groups, one with as many valves as
styles and one with twice as many valves or teeth, has been a major
source of controversy in the taxonomy of the Alsinoideae ever since.

The first monographic treatment of the group is in a little known paper
by Desvaux (1816) but it was Fenzl who made the most notable con-
tributions to the taxonomy of the Alsinoideae. The monograph which he
planned was never completed and his chief writings consist of a discussion
(1833) of the phytogeography and natural relationships of the sub-family
(in which his arrangement of species appears in the distributional tables),
and accounts of the group in Endlicher’s “Genera Plantarum” (1840) and
Ledebour’s “Flora Rossica” (1842).

Fenzl (1840) recognised eleven genera within Arenaria sensu latissimo
—five in the tribe Sabulineae in which the capsule split by as many valves
as styles, four in the Stellarineae with twice as many teeth or valves as
styles and two, Merckia and Dolophragma, in a separate tribe Merckieae
in which the capsule was reputed to show partial septation. Although
some of Fenzl's observations and judgements are certainly wrong,
notably the partial septation in Dolophragma, each of his genera and
infra-generic units are generally accepted to-day as natural groups (with
the possible exception of Queria and Dolophragma closely merged with
other species of Minuartia and Arenaria respectively).
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About the same period J. Gay was engaged in extensive studies on the
Alsinoideae but the only notable publication which resulted was his
monograph of the genus Holosteum (1845) in footnotes to which there
is discussion of members of the Arenaria group (Rhodalsine and Greniera).
His manuscripts in the library at Kew show that he was planning an
account of all the genera in the Sub-family and was well on the way to
completing enumerations of the species of “Alsine” (= Minuartia) and
Buffonia. A fragmentary note by Grenier (1841) seems, likewise, to
represent the only published part of planned monographic work.

Nyman (1854-55) in his first enumeration of European plants, followed
Fenzl in generic delimitation but proposed a classification of Moehringia
based on leaf shape, which was later adopted and validated by Graebner
(1915-16).

‘Where Fenzl had recognised eleven genera, Bentham (in Bentham and
Hooker, “Genera Plantarum”, 1862) maintained only three, Arenaria,
Brachystemma, and the monospermic Queria. The genera of other authors
were mostly accommodated as the eleven subgenera or sections into which
he divided Arenaria.

Apart from Seringe’s (1824) rather ill-arranged conspectus of species
and accounts in regional floras (e.g. Reichenbach 1832, 1842), Fenzl in
Ledebour (1842), Grenier and Godron (1847), Boissier (1867), Rohrbach
(1872) and Edgeworth and Hooker (1874), there was no revision of any
part of the group at species level until Williams published his detailed
classification of Arenaria in 1895, and followed it in 1898 with a full
enumeration of species with references, synonymy and often descriptions.
This account is marred by his tendency to base his classification on single
characters, and particularly his use of characters which are not always
homologous throughout the genus (e.g. “smooth” seeds). The basis of his
classification is that of Fenzl, and while some of his modifications reveal
new neutral groupings (e.g. Leiosperma), others divide up homogeneous
groups among unrelated species (e.g. his use of staminal gland structure
to spread the species of Eremogone into three different subgenera).

1899 to 1921 was the period of the changeover from the misuse of
Alsine to the adoption of Minuartia for the “unspecialised” species with
three-valved capsules. In 1921 and 1922 Mattfeld published his mono-
graph of Minuartia with a detailed discussion of taxonomic criteria and
generic limits. His conclusions were that there is a fundamental distinction
between the loculicidal capsule of Minuartia and its allies and the
loculicidal and septicidal structure in Arenaria, Moehringia, Stellaria,
Cerastium, etc. (cf. Mattfeld 1922a). Like Williams, Mattfeld based his
classification on that of Fenzl but was more successful in defining smaller
natural groupings.

In the last thirty-five years, there have been three notable contributions
to the taxonomy of the group; the first was the enumeration of the
Chinese species by Handel-Mazzetti in “Symbolae Sinicae” (1929) which
to some extent drew together the numerous species published between
1905 and 1920 by Williams, Diels and W. W. Smith; in 1936, Schischkin’s
(and others’) account of the Caryophyllaceae in the Flora U.R.S.S. was
published and in this some new infra-generic groups of Arenaria were
proposed (but without validating Latin diagnoses); thirdly the North
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American members of the group were the subject of studies by Maguire
which culminated in the publication in 1951 of a conspectus of the
species occurring north of Mexico. Of these authors the first two regarded
Arenaria, Minuartia, Moehringia and other groups as distinct genera,
while Maguire treats each as a section of Arenaria.

Individual sections or species aggregates have been the subject of
study by a number of other botanists, notably Turrill (1932), Kharadze
(1938), Pawlowski (1939), Font Quer (1948) and Nannfeldt (1954).

CRITERIA OF CLASSIFICATION

Before considering the status of the widely recognised subdivisions of
Arenaria sensu latissimo, it is desirable to examine some of the characters
which have been used in the classification of the group and to assess their
validity.

Habit:

Habit is perhaps the most variable feature in the group; very small
slender annuals, densely pulvinate alpines, spiny suffruticose plants,
succulent maritime herbs, xerophytes of Mediterranean and steppe
climates and lax broad-leaved mesophytes are all to be found. The
taxonomic importance rests in the fact that both Fernald (1919) and
Maguire (1951) have rejected the splitting of the genus Arenaria largely
because when this is done, plants of very similar habit are generically
separated, while the genera created have usually no distinct facies.

Although predominantly mesophytic, Stellaria and Cerastium show a
range of structure paralleling that found in the Arenaria group, while in
the subfamily Silenoideae habit parallelism is even more marked and
many species of Gypsophila, Dianthus, Saponaria, etc. are scarcely dis-
tinguishable in the vegetative state from those of Arenaria or Minuartia.
In view of the fact that all these groups are widely distributed over a
similar geographical and ecological range this parallelism is not surprising
and on the basis of habit alone there is as much justification for uniting
Arenaria and Minuartia as there is for linking Arenaria and Gypsophila.

Inflorescence:

The dichasial cyme is the characteristic inflorescence type in the Arenaria
group as in the family as a whole, but departures from this form, notably
the reduction to the solitary condition (often in dwarf alpines) and- the
aggregation of flowers into heads, have frequently been the basis of
taxonomic groupings. With one exception these represent evolutionary
trends which have occurred independently in unrelated groups; the
diversity of floral structure and the presence of intermediate conditions
make this quite certain. (cf. treatment of the glomerate inflorescence
species of Arenaria Subgenus Eremogone, i.e. Williams® “Glomerifiorae™).
The exception is a Himalayan group of species of Arenaria (Subgenus
Solitaria) where large solitary terminal flowers are the rule and which
shows no evidence of inflorescence reduction; indeed no closely related
species with a cymose inflorescence are known.

Axillary flowers occur in a number of mesophytic species; Mattfeld
(1922a) claims that in Honkenya these represent the successive flowers of a
modified monochasium which have been pushed into a lateral position.
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This interpretation is probably also true of some groups of Arenaria,
and although this feature characterises a few apparently natural groupings
(Odontostemma, Leiosperma) it again is one which has probably developed
independently in different lines.

The nature of the bracts, whether leaf-like or setaceous, seems also to
be of importance in delimiting some groups.

Flowers:

Reduction in the number of perianth parts and in the number of
stamens and carpels is not infrequent in the Arenaria group, as in other
members of the Alsinoideae. In most cases connecting links with plants
having a pentamerous perianth, ten stamens and three carpels, are
known. Where intermediates are absent other criteria have been taken into
consideration in assessing each case on its merits. Thus the tetramerous
bicarpellary Buffonia with about a dozen species, all with a characteristic
facies has been maintained as a distinct genus, while the monotypic
Gouffeia only differing from Arenaria Subgenus Arenaria in having two
carpels has been given subgeneric rank (Arenaria Subgenus Odontostemma
has also only two carpels).

Sepals:

The sectional classification of Minuartia rests primarily on sepal
structure, in particular on the shape of the apex and the number and
nature of the nerves which are usually very prominent. Most of the
major groups have an almost uniform nerve-structure. This is not true of
Arenaria or Moehringia where the nerves are usually much less distinct
and can be very different in structure in apparently closely related species.
The general form of the sepals seems to be more constant, as for example
the hardened sepals of Subgenus Eremogone and the truncate-saccate
ones in Subgenus Odontostemma.

Petals:

Petal reduction is not uncommon throughout the group, particularly
in self-pollinating annual species and in some high mountain plants.
As such, it occurs independently in a number of groups and the presence
or absence of petals is rarely of significance above the species level.
The relationships of apetalous species such as Minuartia hamata (= Queria
hispanica) and Minuartia (Cherleria) sedoides with corolliferous members
of the genus Minuartia are very close.

Staminal Glands:

Williams (1895, 1898) based his classification of Arenaria primarily on
staminal gland structure and in so doing destroyed a number of natural
groupings without creating any new circles of affinity (at least on the basis
of gland form). He recognised three conditions—no glands, five glands
at the base of the outer stamens and fen glands arranged between the
stamens. These became the unit character criteria of his three large

t -a, “Euarenaria”, P ia and Ei um. In Minuartia,
exactly the same range of staminal gland structure exists, and a com-
parison with that genus might have warned Williams of the danger of
resting so much of his classification on this one character alone.

Contrary to Williams’ claims, the glands (or equivalent structures) are
always present and are always associated with the outer whorl of stamens.
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Williams® “absence of glands” means very reduced structures which may
or may not be glandular, but which show a continual gradation, at least
on herbarium material, to the prominent “five-gland” condition. These
glands generally lie on the exterior side of the stamens and appear from
that angle as rectangular flaps or swellings in front of the base of the
filament. Viewed from the interior of the flower they appear when well-
developed as two swellings, one on either side of the filament base. In
many species there is a median nectar groove which sometimes tends to
make the gland appear emarginate or in some species almost crescent-
shaped. In Minuartia Section Minuartia this development can be traced
to a bifurcate condition in which the glands appear superficially to be
ten in number. In some species the nectar furrow remains between the
‘horns’ of the gland, but in most the secretion is to be found in a cup-
shaped pit at the tip of each of the finger-like divisions of the gland (for
illustrations cf. Mattfeld, 1938). As one would expect, if these glands have
an attractive function, this is most often an “all or nothing” condition
and species which in other characters are almost identical will have on the
one hand single glands with a medium nectar furrow and on the other
bifurcate structures with apical nectar pits. This is seen most clearly in
the distinctive localised Minuartia bosniaca and the polymorphic M.
setacea which can scarcely be satisfactorily separated except by the fact
that the former possesses prominent bifurcate glands. A similar situation
holds with M. decipiens (glands single) and M. intermedia (glands bifurcate)
but it is complicated by the existence of an intermediate race (M. decipiens
ssp. damascena) which has some of the characters of M. intermedia but
the glands and pubescence of M. decipiens.

In Arenaria itself very similar species such as A. lychnidea and A.
capillaris (treated as conspecific by Regel, 1862) have minute and prom-
inent glands respectively, and Williams consequently places the one in
subgenus “Euarenaria” and the cthcr in subgenus Pentadenaria. In the

same way A. cuc and 4 which are satisfactorily
distinguished only by flower size and the length of the leaf sheaths, are
widely separated from one another in his classification.

The most complex staminal gland structure occurs in Minuartia
douglasii (Section Greniera) in which there is a prominent broad flap
behind the nectar furrow, and the filament clearly arises in a lateral
position in front of the furrow (cf. Mattfeld 1922, 1922 a.). The related
species, M. howellii, has well-developed simple glands and provides a
connecting link with Section Sabulina and other annual groups of
Minuartia.

Gynoecium:

Mattfeld (1922a) has discussed at length the importance of carpel
number and arrangement in the Alsinoideae as a whole; he concludes
that in the isomerous condition (i.e. carpels equal in number to the
perianth parts), arrangement is very important, but that reduction in
number occurs both in plants with antisepalous carpels and those with
antipetalous ones. Moreover he found that it was impossible to determine
whether a reduced trigynous ovary had originated from the antisepalous
or antipetalous condition, except by the implications of close affinity
(e.g. in trigynous Cerastium spp.). It seems likely that reduction from
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five to three carpels has occurred in a number of separate lines, just as
further reduction to two carpels is seen in widely separated members of
the Arenaria group. (Moehringia Section Moehringia, Arenaria Subgenera
Odontostemma and Arenariastrum, Lepyrodiclis, Brachystemma and the
distinctive genus Buffonia).

Of all gynoecium characters the one whose evaluation has the most
far-reaching consequence is, of course, that of capsule dehiscence, the
recognition of which we owe to Gaertner (1791). Much has been written
on this subject, a lot of it polemic and based on preconceived ideas and
inaccurate observations. As Mattfeld has demonstrated and as all the
present writers observations confirm, there is no doubt that capsule
dehiscence in all the known members of the group takes place in one of
two quite different ways—either along the midline of the individual carpel
(i.e. opposite the styles: loculicidal), or else both in this position and
along the line of carpel fusion (loculicidal and septicidal). (The dehiscence
of the fleshy capsule of Wilhelmsia (Merckia) was not known to Mattfeld,
but it appears that when it occurs it is loculicidal—along the line of the
partial (false) septa). As Mattfeld has shown, these are not chance lines
of fracture but are predetermined at an early stage by the distribution of
vascular tissue in the ovary wall. This being so, it is not altogether
surprising that no examples are known of affinity running across the
difference in capsule dehiscence. The supposed cases cited by Fernald
(1919), Maguire (1951), etc. represent superficial habit similarities which
appear more important in the impoverished Arenarial Minuartia flora of
North America than when viewed against a world-wide background.
Indeed, in Eurasia a more extensive list of species of the two genera
which are very similar in form and habit could be drawn up. In each case
the examination of usually reliable characters (e.g. in the flower) shows
clearly that their closest affinities are with members of their own genus;
their superficial resemblance to species of the other genus is due to the
same sort of habit parallelism that we find between species in the Silen-
oideae and Alsinoideae (e.g. Arenaria cretica and Gypsophila nana).

In Arenaria there is some variation in the extent to which the capsule
opens; this variation seems to be directly correlated with the texture of
the capsule at time of dehiscence. Thin membranous capsules usually
split to the base by six valves, while more coriaceous ones open by valves
or teeth of varying depth and sometimes, but not often, the locular
division is deeper than the septal one, so that the capsule opens by “three
bifid teeth”. In ligneous capsules, which are often flask shaped, the teeth
are usually very short. There would appear to be no clear-cut distinction
between any of these conditions and they seem to have little taxonomic
significance, although in groups such as Subgenus Eremogone in which
the capsule is usually ligneous, dehiscence is always by short teeth. In
Minuartia and Moehringia, only valvular dehiscence of membranous to
coriaceous capsules is known.

In at least one species of Minuartia, M. hamata, often regarded as
forming a monotypic genus Queria, the one-seeded ‘capsule’ is often
functionally indehiscent, the partial inflorescence being the unit of
dispersal and the seeds often germinating in situ. That it is essentially a
three-valved structure is obvious because the lines of dehiscence are very
clear and the capsule can be dissected open at a touch along these lines.
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Seeds:

Mattfeld makes considerable use of seed characters, particularly the
structure of the testa, in his classification of Minuartia, while Williams
noted that many species of his Arenaria Subgenus “Euarenaria” had
smooth shiny seeds (his Section Leiospermae). Most important of all, the
genus Moehringia is fundamentally distinguished from Arenaria only by
its strophiolate seeds.

All the species of the group possess laterally flattened seeds, which are
often reniform, with the exception of Brachystemma in which the seed is
subglobular (slightly laterally compressed near the hilum), the very broad
cotyledons being incumbent and laterally folded near the apex. The
normal reniform seeds are very regular in shape in most mesophytic
species, but in xerophytic plants often appear to suffer distortion under
pressure in the developing capsule; the seeds of Aremaria Subgenus
Eremogone and Minuartia Subsection Xeralsine are notably irregular.
Frequently the seed is longitudinally compressed so that the long diameter
runs from the hilum to the dorsal ridge; such seeds are often more or less
pyriform and this is the normal condition in Honkenya and Arenaria
Subgenus Eremogone. In at least two groups the seeds are strongly com-
pressed and to a greater or lesser extent winged by an extension of the
testa in which no endosperm is laid down; in Minuartia Section Greniera
the main part of the seed is reniform, but in Arenaria Section Compressae
the seed is broadly ovate in surface view with the long axis from the
hilum to the dorsal ridge. In some <pec:es normally placed in Arenaria

Od a lled “winged” seed is formed by the
inflation of the testa; here, however, the seeds are not compressed. On
account of this feature and a strophiole-like structure (see below) Neu-
mayer, in 1924, raised to generic rank Franchet’s Section Moehringella to
contain two such species. From the few seeds available of members of
Subgenus Odontostemma, it would appear that this is the usual condition
in the subgenus; it is not recorded elsewhere in the group.

The seeds vary in colour but in Arenaria and Moehringia appear to be
either reddish or more often an intense black; a notable exception is
A. compressa (Section Compressae) in which the mature seed is a buff’
colour. In Minuartia, on the other hand, even the most fully ripened
seeds are no more than a very dark brown while in some species mature
seeds may be straw-coloured. Seeds which remain a pale colour on
maturity (i.e. red or straw) are also those which lack prominent sculpturing,
having a thin seed coat.

The terminology used to describe the form of the testa of species of
the group is very confused, partly because the description tends to vary
with the magnification at which the seeds are viewed and partly because
the same term has been used for two totally different kinds of seed coat,
sometimes even by the same author. In most groups the seeds are of the
typical Caryophyllaceous sort in having a testa bearing distinct cellular
markings. These “cells” are often convex in surface view and particularly
on the dorsal ridge frequently develop into the tubercles of tuberculate
seeds (e.g. in Arenaria Section Arenaria and Minuartia Section Sabulina).
In other species the seed surface is quite smooth but with these distinct
(at x 10) cellular markings; such seeds are described throughout this
account as obscurely reticulate (e.g. Arenaria balansae). In the past such
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seeds have generally been termed smooth but they are quite different from
the sculptureless (at x 70) shiny seeds (as in Arenaria Subgenus Leiosperma
and most species of Moehringia) to which this term is now confined. This
confusion led Williams to place a number of Eurasian species of other
groups (e.g. A. halacsyi and A. balansae) in his otherwise natural South
American Leiosperma, but as there is no essential difference between the
tuberculate and obscurely reticulate condition, it is not surprising that
they are sometimes found in closely related species or groups of species.

Tuberculate or obscurely reticulate seeds very frequently bear further
markings on the “cells” or tubercles. The most common type is the central
spot marking which on the cells of the dorsal ridge, in particular, is often
produced into a distinct papilla. Such seeds are here termed papillose,
even if the papillae are only visible at high magnification (e.g.x 35).
Often, however, the dorsal papillae (and sometimes the others also) are
very large and prominent so that the seeds or merely the dorsal ridge can
be described as echinate. Seeds with a fimbriate crest have in fact extremely
long dorsal papillae which are often laterally fused to one another; the
brown strophiole of Moehringia Section Pseudomoehringia may be derived
in a similar way from the cells near the hilum. (The typical Moehringia
strophiole is a totally different whitish amorphous body).

At least one variation on the truly smooth testa structure is known;
this is the presence of minute papillae all over the otherwise sculptureless
seeds and is a feature of Moehringia pentandra. The structure is similar in
Arenaria hispanica but the papillae are more dense and the seeds lack the
lustre of those of Moehringia and Arenaria Subgenus Leiosperma.

Seeds which bear convex cells but are scarcely tuberculate are generally
described in the literature as rugulose, but in this account the term
obscurely tuberculate is generally preferred. Where, however, the cell
pattern is not clear, as in immature seeds, or where the “cells” are very
long and narrow and the wrinkles between them prominent, or in groups
such as Eremogone or Honkenya with very small cells, the term rugulose
has been retained.

Finally there are those seeds which are not smooth in the strict sense of
the word but which at X70 magnification have no very prominent cell
markings; such seeds have simply been termed rough and seem to occur in
Arenaria Subgenera Odq and um  (although
mature seed of the latter has not been seen).

The only other external seed character which has been used in the classi-
fication of the group is the presence or absence of a strophiole, a waxy or
oily appendage near the hilum. This structure is only well-developed
in Moehringia, of which it is the diagnostic character, but in at least some
species of Arenaria Subgenus Odontostemma there is a small protrusion
of the testa near the hilum, which is opaque and strophiole-like; contrary
to Maguire’s (1951) assertion, no trace of a hilum appendage could be
detected in Wilhelmsia (= Merckia).

It has already been noted that the strophiole of Moehringia Section
Pseudomoehringia differs from that of other species of the genus in being
a brown colour and composed of long “papillae” densely packed together.
In the rest of the genus the strophiole is a white amorphous body and
there must be some doubt as to whether the two structures are homologous.
Both are rather oily and serve to attract ants which act as dispersal agents.

































































































































































































