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SPORE MORPHOLOGY OF SOME TURKISH MOSS SPECIES

MERVE CAN GOZCU, TALIP CETER, GURAY UYAR

ABSTRACT. In this study, spore morphology of Hedwigia ciliata (Hedw.)
P.Beauv., H. stellata Hedenids, Leucodon immersus Lindb. and Funaria
hygrometrica Hedw. were examined by light microscopy (LM) and scanning
electron microscopy (SEM). All species except L. immersus have small spores,
the length of the polar axis (P) is between 8.43 pm and 31.75 pm, equatorial
diameter (E) is between 13.09 um and 38.21 um. The smallest spores are seen in
F. hygrometrica, while the largest spores are seen in L. immersus. The shapes of
the spores are determined as oblate for H. ciliata, H. stellata, F. hygrometrica, and
suboblate for L. immersus. Ornamentations are differing near leptoma and on
distal pole. Rugulate-granulate, verrucate-granulate, baculate-granulate
ornamentation types were observed on the distal pole. Granulate-psilate, psilate,
loose baculate-clavate ornamentation types were observed near leptoma. In
addition to spore morphology, capsule structures were also examined and were
photographed with LM and SEM. As a result, the spore size, shapes and
ornamentation types and the capsule structures show differences among these
species and these differences can be used as a distinctive characters in the
identifications of them.

1. INTRODUCTION

Bryophytes are generally small but form a striking part of the vegetation in cooler
northern and southern latitudes and extremely humid climates of both temperate
and tropical regions. This small but well-established group of plants is unique
among other land plants in having a dominant gametophyte phase in their life cycle
and a single unbranched sporophyte that depends on the dominant gametophyte
plant. After that, the sporophyte produces a single terminal sporangium and spore
mother cells are differentiated within it. The spore mother cells undergo meiosis,
and each produces a tetrad of spores [1]. Dispersal of bryophytes occurs by spores,
which are usually very small, commonly wind-dispersed, and by unspecialised
asexual propagules originating from the gametophyte with a high potential for
regeneration [2]. In addition, spores are a potential source of information
concerning the evolutionary processes. Spore characteristics such as sizes, shapes
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and morphology, are widely used in taxonomic analyses and in the descriptions of
bryophytes [3]. Some recent papers have shown that the spore external morphology
is useful to characterize moss taxa at the generic and specific levels [4-13].
However, the bryophyte spores in Turkey are not fully known. That’s why in our
study, we have examined the spore morphology with the light microscope (LM)
and the scanning electron microscope (SEM) of 4 Turkish moss taxa (Hedwigia
ciliata (Hedw.) P.Beauv., H. stellata Hedends, Leucodon immersus Lindb. and
Funaria hygrometrica Hedw.).

Hedwigia ciliata and H. stellata, which belong to Hedwigiacea family, usually
grow on dry rocks [14]. H. ciliata is of almost cosmopolitan distribution. Against
that, H. stellata occurs in North America, Central and Northern Europe. Both
species are widely distributed in Turkey. The species have dull and hoary
appearance with numerous immersed capsules. H. stellata is distinguished from H.
ciliata by its mostly recurved hyaline leaf apices in the upper shoots when dry [15].

Leucodon immersus, which belongs to the Leucodontaceae family, is a Eurasian
species and usually grows on dry and acidic tree trunks and rocks [14]. The species
is located in Marmara, Black Sea, Central Anatolia and Mediterranean regions in
Turkey [16]. L. immersus is characterized with immersed capsules [17].

Funaria hygrometrica, which belongs to the Funariaceae family, is a cosmopolitan
species and widely distributed in Turkey [14,16]. The species is easily
distinguished by its unique peristome teeth.

2. MATERIAL AND METHODS

The spore and capsule materials were obtained from the bryophyte herbarium of
Ankara Haci Bayram Veli University Polath Science and Arts Faculty. List of
spores examined are given in the Table 1. The external surfaces of the spores were
observed using light microscopy (LM) and scanning electron microscopy (SEM).
The spores were prepared by the Wodehouse [18] method for LM photographs.
Measurements of the diameters in the polar axis (P) and in the equatorial view (E)
were taken in 20 randomly selected spores. The Simpson and Roe graphical test
was used for graphical calculations [19]. The capsules were observed using stereo
microscopy and scanning electron microscopy. The mouth diameter, length and
width in 20 randomly selected capsules were measured. Olympus SZX7 model
light microscope, BX47 model stereo microscope and SC 100 Model image
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analysis system were used to photograph and measurements the spores and the
capsules.

For scanning electron microscopy, the spores and capsules were directly placed
onto stubs which have double-sided carbon band. The stubs were coated with gold-
palladium alloy at voltage of 40 mV for 60 seconds in a vacuum evaporator and
examined with Quanta Feg 250 scanning electron microscopy in Kastamonu
University Central Research Laboratory.

The terminology for spore morphology was proposed by Erdtman [20], Boros and
Jarai-Komlodi [21], Blackmore and Barnes [22], Punt et al. [23] and Kapp et al.
[24].

TABLE 1. The details of specimens and localities.

Species Localities

Sakarya (Pamukova); on rock, Pinus nigra J.F.Arnold, Quercus L. and
Juniperus L. forest, 985 m alt., 40°33'16"N, 30°00'17"E, 12.05.2018.
Bursa (Gemlik); on rock, Fagus orientalis Lipsky and Carpinus betulus L.

Hedwigia ciliata

Hedwigia stellata forest, 742 m alt., 40°32'20"N, 29°04'20"E, 11.05.2018.

Leucodon Kocaeli (Kartepe); on tree, Fagus orientalis Lipsky and Carpinus betulus L.

immersus forest, 1375 m alt., 40°38'48"N, 30°07'01"E, 12.05.2018.

Funaria Sakarya (Akyaz1); on soil, Abies nordmanniana subsp. equi-trojani (Asch. &
. Sint. ex Boiss.) Coode & Cullen and Pinus sylvestris L. forest, 1140 m alt.,

hygrometrica 40°3321"N, 30°36'05"E, 12.05.2018.

3. RESULTS

3.1. Hedwigia ciliata and H. stellata: Spores are small, sub-tetrahedral, oblate,
heteropolar, katalept and in tetrad form. The sclerine surface is ornamented by
rugulate elements with granules ornamentations in the distal face and granulate-
psilate elements in the proximal face. The length of the polar axis (P) of H. ciliata
is average 12.31 um, equatorial diameter (E) is average 23.67 um in diameter, the
ratio of polar axis to equatorial diameter is ~0.52. The length of the polar axis of H.
stellata is average 13.76 pum, equatorial diameter (E) is average 26.42 um in
diameter, the ratio of polar axis to equatorial diameter is ~0.52 (Table 2, Figure 1).
The rugulate elements of H. stellata (average 2.5 um long and 1 pm wide) are
shorter and thinner than H. ciliate (average 5.5 um long and 1.5 um wide). The
aperture consists of trilete leptoma. Laesura arms are thin and distinct (Figure 2, 3).
The capsules are obovoid, average 0.85 mm wide, 1.25 mm long, ~1.4 times as
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long as wide in H. ciliata and average 0.7 mm wide, 1.25 mm long, ~1.7 times as
long as wide in H. stellata. Peristome absent (Table 2, Figure 1-4).

Species

H. ciliata

H. stellata

L. immersus

TABLE 2. The spore morphological parameters (values in pm).
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FIGURE 1. Graphical comparison of the length of polar axis (P), equatorial diameter (E)
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FIGURE 2. LM spore microphotograph. a-b: H. ciliata; c-d: H. stellata; e-f: L. immersus;
g-h: F. hygrometrica (a, c, e, g: distal view; b, d, f, h: proximal view).

3.2. Leucodon immersus: Spores are medium-sized, sub-oblate, heteropolar and
katalept. The sclerine surface is ornamented by verrucate-granulate elements. The
verruca elements are irregular in size, between 0.4-1.1 um long. The length of the
polar axis is average 31.75 um, equatorial diameter (E) is average 38.21 pm in
diameter, the ratio of polar axis to equatorial diameter is ~0.83. Leptoma is narrow
cracks form. There is no ornamentations on leptoma. The capsules are ellipsoidal to
oblong, average 0.93 mm wide and 1.90 mm long, ~2.0 times as long as wide.
Peristome present, teeth are lanceolate, papillose, average 170 um long (Table 2,
Figure 1-4).

3.3. Funaria hygrometrica: Spores are small, sub-oblate, heteropolar and katalept.
The sclerine surface is ornamented by baculate-clavate elements. The end of the
bacula and clava is the dentate. The length of the elements is between 0.2-0.5 pm.
The length of the polar axis is average 8.43 um, equatorial diameter (E) is average
13.09 um in diameter, the ratio of polar axis to equatorial diameter is ~0.64. The
aperture consists of concave leptoma. The ornamentations weaken in the leptoma.
The capsules are pyriform, asymmetric, furrowed, average 1.16 mm wide and 2.97
mm long, ~2.5 times as long as wide. Peristome present, teeth are papillose,
sigmoid and trabeculate, average 540 um long, endostome segments are lanceolate,
papillose, average 380 pm long (Table 2, Figure 1-4).
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4. DISCUSSION

The spore morphology of Turkish Hedwigia ciliata, H. stellata, Leucodon
immersus and Funaria hygrometrica studied by LM and SEM. Among them, the
spores of H. ciliata and F. hygrometrica have previously been described [4, 25,
26]. The results presented here are in accordance with these studies. However,
discrepancies that have not previously been referred to in the literature, specifically
relating to surface ornamentation in H. stellata and L. immersus, were observed
during the present study.

All species except Leucodon immersus have small spores, the length of the polar
axis (P) is between 8.43 um and 31.75 pm, equatorial diameter (E) is between
13.09 um and 38.21 um. The smallest spores are seen in Funaria hygrometrica,
while the largest spores are seen in L. immersus. The shapes of the spores are
determined as oblate for Hedwigia ciliata, H. stellata, F. hygrometrica, and
suboblate for L. immersus. Tetrad spores were observed in H. ciliata and H.
stellata.

All spores are katalept. Spore walls are thick on distal pole, tapers to proximal pole
and forms leptoma. Leptoma is concave, trilete or irregular cracks forms.
Ornamentations are differing near leptoma and on distal pole. Rugulate-granulate,
verrucate-granulate, baculate-granulate ornamentation types were observed on the
distal pole. Granulate-psilate, psilate, loose baculate-clavate ornamentation types
were observed near leptoma. The ornamentations are diluted on the leptoma.

The shapes and sizes of the capsules are different. Capsules of Hedwigia ciliata, H.
stellata and Leucodon immersus are erect and symmetrical, while capsules of
Funaria hygrometrica is inclined and asymmetrical. The smallest capsules are in
H. ciliata, the largest capsules are in F. hygrometrica. L. immersus has lanceolate
and F. hygrometrica has sigmoid, trabeculate peristome teeth, while Hedwigia
ciliata and H. stellata have not peristome.

Consequently, the spore morphology and capsule structures in examined Hedwigia
ciliata, H. stellata, Leucodon immersus and Funaria hygrometrica show
distinguish characters which are important for taxonomic studies.
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FIGURE 3. SEM spore photograph. a, d, g, j: H. ciliata; b, e, h, k: H. stellata; c, f: L.
immersus; 1, 1: F. hygrometrica (a, b, c, i: distal view; d, e, 1: proximal view; f, g, h: spore
ornamentation; j, k: tetrahedral tetrad spores).
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FIGURE 4. SEM capsule photograph a: H. ciliata; b, e: L. immersus; c, f: F. hygrometrica;
d: H. stellata.
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