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ABSTRACT

After quite a while, since 1950, from recording syncarpy “or double capsules” phenomena, the syn-
carpy is reported in the current study on a sporophyte of Byum dichotomum Hedw. In addition, we
record a deformation case of a lid for one capsule carried by the same species to another individual
of B. dichotomum population for the first time worldwide. Byum dichotomum was found growing on
moist, shaded inclined land of Al-Shafa road, Taif Province in Saudi Arabia. The syncarpy phenom-
enon and the appearance of an abnormal lid have been discussed and illustrated.

RESUME

Signalement d'une forme de syncarpie et pour la premiére fois au monde d'un opercule anormal sur une
capsule dans une population de Byum dichotomum Hedw. en Arabie saoudite.

Alors que la premiére syncarpie ou «capsule double» a été signalée dans les années 1950, notre étude
décrit ce méme phénoméne dans le sporophyte de Byum dichotomum Hedw. De plus, pour la premiere
fois dans le monde, nous enregistrons un cas de déformation d’un opercule pour une capsule portée
par la méme espéce d’un autre individu de la population de B. dichotomum. Byum dichoromum a été
trouvé sur des terres inclinées humides et ombragées de la route Al-Shafa, dans la province de Taif
en Arabie Saoudite. Le phénomeéne de syncarpie et I'apparition d’un opercule anormal sont discutés
et illustrés.
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INTRODUCTION

In excess of 4000 specimens which were gathered previously
(from 1999 to 2003) from Taif Province in Saudi Arabia by
the second author and kept in CAIA (Ain Shams University
herbarium, Cairo, Egypt) without full identification (just at
family level). In 2005, the first paper of a series concerned with
these specimens (¢. 4000) has been published, which studied
Funariaceae family (Abou-Salama ez 2/. 2005). Recently, the
second paper in this series, which was concerned with the
Grimmiaceae family has been published by Taha (2019).

While going through the third study of this series, con-
cerned with Bryaceae family, the authors noticed two cases
of abnormalities in the same population of Byum dichotomum
Hedw.; one of them was called syncarpy or double capsules
formations and the second one was recorded for the first time
worldwide in the current study which was, an obvious swollen
tip of a capsule lid for the same species in another individual
of the population. Descriptions, illustrations and comments
of the two abnormality cases are given.

MATERIAL AND METHODS

One mixed sample “U 2160” was found growing on moist,
shaded inclined land on the side of Al-Shafa road, Taif Prov-
ince, Makkah, South Hejaz region in Saudi Arabia at 21°08’N,
40°19’E; ¢. 880 m above sea level. The herbarium material was
gathered on 14 March 2002, by Abou-Salama (the second
author) and has been kept at CAIA.

The dried sample “U 2160” hydrate was placed into a Petri
dish and pre-examined carefully by using a stereo binocular
microscope (Euromex microscopes Holland: 110-240 Y,
50/60 Hz, WF 10 x/20 mm) to separate different species.
Each specimen was separated and kept after drying in a paper
packet, serial numbers U 2160 a-d, in CAIA till further inves-
tigation. The studied specimen was hydrated on a glass slide
and cleaned gently by using needles to remove sticking soil
particles. To achieve cleanness, the specimen was soaked in
drops of highly diluted glycerin (100% purity) for 5-10 min-
utes with continuous heating and then gentle tapping on the
specimen by a needle. The whole plants of the specimen were
transferred to a clean glass slide and mounted in a glycerin
jelly to make a permanent slide. Identification of the studied
specimen depends mainly on abundant green axillary bulbils
at leaf axils, leaf shape, in addition to its sporophytic charac-
ters. Photographs were taken with a Fujifilm digital camera
(13 Megapixels, 4 x zoom).

RESULTS

Just very fast examinations of ¢. 1400 mixed moss samples
have been collected from Taif Province, South Hejaz region in
Saudi Arabia resulted in recognition ¢. 4000 moss specimens in
several moss families; about half of them (¢. 2000 specimens)
belonging to Bryaceae. Recently; the authors studied some of
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these Bryaceae specimens and during the examinations of this
study, they noticed that one of the Bryaceae specimens has
double capsules (Fig. 1A-D) and also in the same populations
there is another abnormality in a capsule lid of one Bryaceae
individuals (Fig. 1E G).

After investigation of the specimen “U 2160a” and depend-
ing on both of the gametophetic and sporophytic characters
we determined that it is Byum dichotomum Hedw. (Cosmo-
politan species) and growing associated with three Pottiaceae
taxa. It is worth mentioning, the two reported abnormalities
only occurred once over the course of fast examination (2000
Bryaceae specimens).

The studied B. dichotomum gametophytes which were without
sporophyte were up to 6.5 mm high, whereas gametophytes
carrying sporophytes typically were shorter (3-5 mm). Leaves
concave, broadly ovate to ovate-lanceolate, 0.5-1 mm long,
0.3-0.4 mm wide at mid-leaf; margins unbordered, slightly
serrate at leaf tips; apex long acuminate; costa percurrent to
short excurrent; abundant green axillary bulbils; leaf primordia
present; rhizoidal gemmae occasionally present. Sporophyte up
to 22 mm long; seta varying in length 12-20 mm, curved at tip;
capsule dark red, reddish brown in color, pendulous, inclined,
oval to sub-cylindrical shape, 1.3-2 mm long, 0.7-1 mm wide;
lid mammillate-rostellate shape, 0.5-0.7 mm long.

The first abnormality observation was double capsules
(Fig. 1A-D) which were relatively different in size and color;
where the larger one was ¢. 1.8 mm long, I mm wide at the
middle and lighter in color, while the smaller was 1.3 mm long
and 0.7 mm wide, dark red color (Fig. 1C, D). The second
abnormality observation was a swollen tip of the capsule lid
(Fig. 1F, G). The abnormal lid fell at the beginning of the
specimen examination.

The abnormal plants, whether in double capsules or in swol-
len tip of the lid, dont differ in sporophytic and/or gameto-
phytic characters (e.g., seta length, Fig. 1E), compared with
the other normal ones (in the same specimen); even size of
the capsules were inside the range of dimensions which have
been measured (Fig. 1E).

DISCUSSION

Syncarpy means fusion of the carpels of the gynoecium in
a compound ovary (Armbruster ez /. 2002). Despite, it is a
key and the dominant feature of angiosperm evolution (Arm-
bruster et al. 2002), but it was an uncommon phenomenon
in Bryophytes (Henry & Andrews 1939). Since, a long time
ago (i.e. five decades back) many biologists (e.g., Schimper
1861; Bescherelle 1865; Lyon 1905; Gyorfly 1934, 1940,
1947; Henry & Andrews 1939; Stefureac 1947; Lowry
1949; Watson 1950) noticed the syncarpy phenomenon in
different moss species (about 13 species belonging to differ-
ent families), by approximately four forms of appearance.
Syncarpy was an interesting and controversial phenomenon
at the same time, where many explanations have been discussed
depending on the appearance of the syncarpy phenomenon.
Schimper in 1861, Bescherelle in 1865 and Henry & Andrews
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Fic. 1. — Byum dichotomum Hedw.: A, B, dry and wet plants carrying double capsules; C, D, magnified dry and wet double capsules; E, part of the plant population
showing variation in seta length and capsule size; F, G, dry and wet lid showing abnormal swollen tip. Scale bars: A, B, 3 mm; C, D, 1 mm; E, 4 mm; F, G, 350 ym.

in 1939 explained the presence of syncarpy as a result of the
lateral fusion of two adjacent fertilized archegonia at their
venter regions, whereas Lyon in 1905 and Lowry in 1949
referred to the fertilization of two eggs in one archegonium
venter resulting in the syncarpy. Also, Lowry (1949) gave other
explanations for syncarpy occurrence as the double capsules
formed as a result of branching of the seta at an early stage in
its growth and the degree of doubleness depending on how
early branching took place. On the other hand, Watson (1950)
explained appearance of syncarpy as resulting in a cleavage
in the tip of the embryo sporophyte, while the equality or
inequality in the size between the two capsules depends on
whether the cleavage was median or otherwise.

According to Watson (1950), that syncarpy phenomenon
cither affected the seta length (in three forms Fig. 2A-C) or
affected only the distal two-thirds of the capsule (Fig. 2D)
as in our study (Fig. 1A-D). Watson (1950) explained two
forms (Fig. 2A, B) which affected seta length of syncarpy
(out of three), by non-median cleavage in the embryo which
extended to different levels in the seta-forming tissue. The third
form of syncarpy affected seta length (Fig. 2C), explained by
median cleavage of the embryo which extended deeply into
the seta-forming tissue (Watson 1950). In the studied case
here, the double nature did not reach into the seta tissue, but
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only formed double capsules on the same seta. Therefore,
explanations below will be focused on this form of syncarpy.

In this regard, the appearance of double capsules with a
common seta, as our studied case, can be discussed by three
possibilities: the first one is lateral fusion of two adjacent fer-
tilized archegonia (Bescherelle 1865), the second is a fusion
of two eggs in the venter of an archegonium (Lyon 1905),
while the third one is the cleavage in the tip of the embryo
(Stefureac 1947; Watson 1950).

Although Bescherelle (1865), Stefureac (1947) and Watson
(1950) discussed this case, but in all their cases the twin cap-
sules were equal in size, in contrast with unequal ones in the
studied case here, which was identical to one of Sphagnum
polyembryony cases illustrated by Henry & Andrews (1939).
The two capsules in the studied specimen not only differed
in size but also differs in color which had attained to differ-
ent degrees of development, however the doubles having the
lid still intact (means not fully developed). This best fits the
hypothesis of non-median cleavage of the embryo, which
extends only to the distal two-thirds of the capsule level.

It is noteworthy that, both of Bescherelle (1865) and Watson
(1950) claimed that Bryum atropurpurenm W. & M. synonym
of Pohlia atropurpurea (Wahlenb.) H. Lindb. synonym of
Pohlia annotina (Hedw.) Lindb.) (https://www.tropicos.org/
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Fic. 2.— Anillustration referred to Watson (1950) showing Bryum atropurpureum
W. & M. in four forms of syncarpy: A, B, showing syncarpy phenomenon af-
fecting unequal seta length and capsule size; C, shows nearly equal length of
seta; D, shows double capsules on a common seta. Scale bars: A-D, 2 mm.

2020) had formed a syncarpy, but the shape of the capsule in
B. atropurpureum (invalid) according Bescherelle (1865) was
completely different from that of B. atropurpureum by Wat-
son (1950) (Fig. 2). So, from our view, the two species were
certainly different. Bryum atropurpureum W. & M. in Watson
(1950) was crucially incorrectly identified, or most probably
this specimen (by different authors: Bryum atropurpureum
Bruch & Schimp. nom. illeg.) actually became a synonym
of Bryum dichotomum Hedw. (Ros er al. 2013), particularly
depending on the shape of the capsule, which was identical
with the studied specimen here.

The swollen tip of the capsule lid was the first noticed
worldwide, so the explanation of this appearance (in our
view) may be attributed to very late disturbance of the cleav-
age of the distal tip of the embryonic sporophyte or may be
as a result of disturbance in late division steps of the capsule
of the sporophyte.
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