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SPORE MORPHOLOGY OF TWO ASPLENIUM L. (ASPLENIACEAE) SPECIES
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ABSTRACT

The genus Asplenium L. is represented by more than 750 fern species worldwide. In this
study, it was aimed to contribute to the taxonomic evaluation of Asplenium ceterach L.
and Asplenium trichomanes L. among 20 Asplenium species naturally distributed in
Tiirkiye by examining their spore morphology. The specimens of the species examined in
this study were collected from their natural distribution areas in Tiirkiye. Spore
preparations were prepared by the acetolysis method, and morphological characteristics
were analyzed in detail through light microscopy (LM) and scanning electron microscopy
(SEM). As a result of the examinations, it was determined that the spore shape of both
species was oblate. A. ceterach is monolet-dominant but rarely has trilete spores and
exhibits a heteromorphic character. The aperture length of monolet spores varies
between 33.00-45.00 pm. The mean polar axis length was 35.46 pm, and the equatorial
axis length was 47.60 pm in spores of this species classified as medium-sized. A.
trichomanes has only monolet spores. The aperture length of this species varies
between 25.00-35.00 um, with a mean polar axis of 28.89 ym and a mean equatorial
axis of 41.91 pm. The thickness of the exine of both species is similar and varies
between 1.00-2.00 pym. The findings suggest that the spore morphology of the studied
species provides distinctive characters and can be considered as a complementary
criterion in taxonomic classification.

OZET

Asplenium L. cinsi, diinya genelinde 750’den fazla egrelti tiirli ile temsil edilmektedir. Bu
calismada, Tirkiye’de dogal olarak yayilis gosteren 20 Asplenium tiriinden Asplenium
ceterach L. ve Asplenium trichomanes L. tirlerinin spor morfolojileri incelenerek
taksonomik degerlendirmelerine katki saglanmasi amaglanmistir. Calismada incelenen
tirlerin ornekleri, Tirkiye’de dogal yayilis alanlarindan toplanmistir. Spor preparatlari
asetoliz yontemiyle hazirlanmis ve morfolojik 6zellikler 1sik mikroskobu (LM) ve taramali
elektron mikroskobu (SEM) ile ayrintili olarak analiz edilmistir. incelemeler sonucunda her
iki tiiriin de spor seklinin oblat oldugu belirlenmistir. A. ceterach, monolet baskin olmakla
birlikte nadiren trilet sporlara da sahip olup heteromorf bir karakter sergilemektedir.
Monolet sporlarda apertir uzunlugu 33.00-45.00 pm arasinda degismektedir. Orta
biyuklikte siniflandinlan bu tiirtin sporlarinda ortalama polar eksen uzunlugu 35,46 pm,
ekvatoral eksen uzunlugu ise 47,60 pm olarak olciilmistir. A. trichomanes yalnizca
monolet sporlara sahiptir. Bu tiirde apertiir uzunlugu 25-35 ym araliginda degismekte,
polar eksen ortalamasi 28.89 um, ekvatoral eksen ise ortalama 41,91 pm olarak
belirlenmistir. Her iki tiriin ekzin kalinliklar benzerlik géstermekte olup 1.00-2.00 pm
arasinda degisiklik gostermektedir. Elde edilen bulgular, incelenen tiirlerin spor
morfolojilerinin ayirt edici karakterler sundugunu ve taksonomik siniflandirmada
tamamlayici bir kriter olarak degerlendirilebilecegini ortaya koymaktadir.
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Asplenium trichomanes, Kadincik Valley, 30.04.2023. © Z. Aslan Ergenekon

GENISLETILMIS OZET
Arastirmanin amaci ve literatur:

En eski bitki gruplarindan birini temsil eden egreltiler
(Polypodiophyta), sporla (ireyen tohumsuz damarli
bitkilerdir. Diinya genelinde 12.000'den fazla tiirii ile
genis bir ekolojik uyum ve morfolojik cesitlilik
sergilerler (WFO, 2024; Smith vd., 2006). Bunlar
arasinda, Aspleniaceae familyasindan Asplenium L. en
biyik ve en cesitli egrelti otu cinslerinden biridir ve
Tirkiye'de 20 tiirle, diinya capinda ise yaklasik 750
tiirle temsil edilmektedir (POWO, 2025) (Tirkiye e-
Florasi, 2025). Asplenium tirleri sadece yaprak
morfolojisi ve rizom yapisi gibi makroskobik
oOzelliklerde degil, ayni zamanda spor o6zellikleri gibi
mikroskobik 6zelliklerde de varyasyonlar sergiler. Son
yillarda, spor morfolojisi (6zellikle apertiir tipi,
sporoderm vyapisi ve ylizey silislemesi) egrelti otu
taksonomisinde destekleyici bir karakter olarak 6nem
kazanmistir (Tryon & Lugardon, 1991).

Bu calisma, Asplenium ceterach L. ve Asplenium
trichomanes L.'in spor morfolojisini inceleyerek ve
karsilastirarak ~ Asplenium  cinsinin  taksonomik
anlayisina  katkida  bulunmayi  amaglamaktadir.
Calismada spor boyutu, sekli, apertiir tipi, sporoderm
tabakalari (perin ve ekzin) ve yiizey silislemesini
incelemek icin hem stk mikroskobu (LM) hem de
taramali elektron mikroskobu (SEM) kullanilmistir.

Materyal ve yéntem:

Calismada 28 Nisan 2023 tarihinde Cehennemdere
Vadisi'nden (37°12'15"K-34°27°16"D) toplanan A.
ceterach ve 30 Nisan 2023 tarihinde Kadincik Vadisi’nden
(37°13'11,46"K-34°38°04"D) toplanan A. trichomanes
sporlari incelenmistir.  Spor  preparatlari  asetoliz
yontemiyle hazirlanmis ve Olympus DP25 kamera
sistemine sahip Olympus CX31 stk mikroskobu
kullanilarak yapilan palinolojik incelemeler sonucunda
spor morfolojileri tanimlanmistir. Palinolojik olctimler
(polar eksen, ekvatoral eksen, ekzin ve perin kalinliklari,
apertlr uzunlugu) her tiir icin en az 35 spordan elde
edilmistir. Istatistiksel analizler SPSS Statistics 22 (Sokal
& Rohlf, 1969) yaziimi ile gerceklestirilmistir. Sporlarin
ylizey stslemeleri ise Nigde Omer Halisdemir Universitesi
Merkez Laboratuvari'nda taramali elektron mikroskobu
(SEM) ile incelenmistir.

Bulgular:

Mikroskobik gozlemler her iki tiiriin de heteropolar ve
oblat sekilli sporlara sahip oldugunu ortaya koymustur. A.
ceterach sporlari heteromorf olup, gogunlukla monolettir
fakat nadiren trilet sporlara da rastlanmaktadir. Buna
karsin, A. trichomanes sporlari yalnizca monolettir. Elde
edilen palinolojik olgtimler ve kantitatif 6zellikler Tablo 2
ve 3'te sunulmustur. Yiizey morfolojisi, 0Ozellikle de
perispor suslemesi, tlre 6zgu desenler gostermistir: A.
ceterach, aralarinda skabrat alanlar bulunan dalgali
kiviimlar sergilerken, A. trichomanes daha sik dalgali
kiviimlar ve bu kivrimlarin kenarlarinda ekinat benzeri
cikintilar gostermistir (Sekil 3-6).
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Tartisma ve sonug:

Asplenium ceterach’ta hem monolet hem de trilet sporlarin tespit edilmesi, daha dnceki calismalarda
yaygin olarak bildirilmeyen tir ici degiskenligi vurgulamaktadir (Erdtman, 1957; Lashin, 2012).
Asplenium ceterach’in A. trichomanes’e kiyasla daha biiyiik spor boyutu, irfan ve digerleri (2022) ve
Szkudlarz ve digerleri (2024) tarafindan elde edilen bulgularla uyumludur. Perispor yiizey desenleri,
tirler arasinda net mikromorfolojik ayrimlar saglayarak taksonomik degerlerini dogrulamaktadir (Tryon &
Lugardon, 1991). Genel olarak, spor morfolojisi -6zellikle apertiir tipleri ve yiizey ornamentasyonu-
Asplenium taksonomisi icin glvenilir karakterler sunmaktadir. Daha genis tir 6rneklemesi ve
bitlnlestirici mikroskobik yaklagimlarini iceren gelecekteki arastirmalar, morfolojik olarak cesitlilik
gosteren bu cinsin sistematigi hakkinda daha derin bilgiler saglayabilir.

INTRODUCTION

Ferns (Polypodiophyta), one of the oldest plant groups in the world, are seedless vascular plants that
reproduce by spores and represent an important step in plant evolution. Successfully adapted to
terrestrial life, these plants, with more than 12.000 species (WFO, 2024), are distributed across the
globe in a wide range of ecological zones, from the humid tropics to arid habitats (Smith et al., 2006).
This diversity points to both their ecological adaptability and morphological flexibility.

The Aspleniaceae Newman, an important family in fern taxonomy, is characterized by the genus
Asplenium L., which contains about 750 species (POWO, 2025). This genus shows great diversity,
especially in terms of leaf morphology, rhizome structure, and spore characters. Although it is a
cosmopolitan genus, most of its species are distributed in tropical regions. In Tirkiye, 20 species are
naturally distributed (Tlrkiye e-Florasi, 2025). Asplenium species have epiphytic, lithophytic, or soil-
dwelling forms and exhibit structural features that can adapt to different ecological conditions.

In recent years, besides macroscopic morphological features, microscopic characters, especially
sporangium type, spore morphology and spore wall structure have gained great importance in fern
classification. Spore morphology is not only an effective tool for taxonomic distinctions between species,
but also provides descriptive data for phylogenetic approaches (Tryon & Lugardon, 1991).

In this study, the spore morphology of two species of the genus Asplenium was investigated
comparatively: A. ceterach L. and A. trichomanes L.. The size, shape, aperture types, perispores, and
surface ornamentation of the spores were evaluated using both light microscopy (LM) and scanning
electron microscopy (SEM), and the differences between the species were revealed in the light of
quantitative and qualitative data.
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MATERIAL AND METHODS

The specimens of A. ceterach and A. trichomanes were collected from their natural distribution areas
(Figures 1, 2). Detailed information on the collection localities is presented in Table 1.

Table 1. Locality information and collection dates of the species.

Species Locality Date
Asplenium ceterach Mersin, Tarsus-Camliyayla, Cehennemdere Valley, 28.04.2023
Dogma place, rock bottom, partly shaded, humid,
1600m.

37°12'15"N-34°27'16"E

Asplenium trichomanes  Mersin, Camliyayla, Kadincik Valley, Adillibik place, 30.04.2023
roadside, on rock, 740m.
37°13'11,46"N-34°38'04"E

Figure 2. Asplenium trichomanes, Kadincik Valley, 30.04.2023. ©Z. Aslan Ergenekon
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Spore slides for palynological analyses were prepared according the standard acetolysis method
(Erdtman, 1960). Observations were carried out with an Olympus CX31 light microscope equipped with a
100x apochromatic oil immersion objective and a 10x micrometric periplanar ocular lens.
Microphotographs were captured by an Olympus DP25 digital camera system integrated into the
microscope.

Considering that the aperture of the spores is located at the proximal pole, measurements of the polar
axis (P) and equatorial axis (E) were taken from the equatorial view. In addition, the thickness of the
perine and exine layers, as well as aperture lengths, were measured in both polar and equatorial views.
Measurements were made on at least 35 spores until a Gaussian distribution was obtained. The data
obtained were evaluated in terms of mean value (M), standard deviation (S) and coefficient of variation
(Var.); statistical analyses were performed using SPSS Statistics 22 software according to the
methodology of Sokal and Rohlf (1969).

Detailed observations of spore surface morphology were conducted using scanning electron microscopy
(SEM). SEM imaging procedures were carried out at the Central Research Laboratory of Nigde Omer
Halisdemir University.

RESULTS

Spores of A. ceterach and A. trichomanes were examined under a light microscope, morphological
measurements were made, and the characteristics of the sporoderm layers were described in detail in
Tables 2, 3. In the description of spore morphology, the terminological criteria proposed by Erdtman
(1969), Faegri and Iversen (1975), Blackmore and Barnes (1991), Punt et al. (2007) and Kapp et al.
(2000) were used.

Table 2. Morphological measurements of the Asplenium spores. P: Polar axis, E: Equatorial axis, M:
Mean, S: Standard deviation, Var.: Variation.

Speci Spore Polar Axis (pm) Equatorial Axis (pm)
pecies shape P

M S Var. M S Var.

A. ceterach Oblat 0.74 3546 +240 30.00- 4760 £2.55 43.00-

53.00 52.00

A. trichomanes Oblat 069 2889 +3.93 25.00- 4191 +2.33 38.00-
33.00 46.00
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Table 3. Morphological observations and measurements of sporoderm layers of the Asplenium spores.

M: Mean, S: Standard deviation, Var.: Variation.

Perine (um) Exine (pm)
Species Aperture Aperture :
P Max M Length Type Ornamentation
(S) Var. (S) Var.
A. ceterach 9.20 5.00- 1.59 1.00- 37.14 Monolete, Srabrets
(£1.80) 13.00 (#0.37) 2.00 (£3.15) Trilete
A.trichomanes g9g83  7.00- 153 1.00- 29.71
(£1.74) 1300 (029) 200 (:204) Monolete Seabrata

Descriptions of the spores

The A. ceterach spores are heteropolar and predominantly monolete, although trilete spores were
occasionally observed. In polar view, the spores are oblate in shape (P/E ratio = 0.74; Table 2), whereas
in equatorial view, they appear D-shaped (Figure 3). The mean polar axis length is 35.46 (+ 2.40) ym,
and the mean equatorial axis length is 47.60 (+ 2.55) um (Table 2). The aperture length in monolet
spores varies between 33.00-45.00 um. The perine reaches a maximum thickness of 9.83 (+ 1.74) ym,
and the mean exine thickness is 1.53 (+ 0.29) um (Table 3). The perispore exhibits wavy folds, and
scabrate ornamentation is present on the surface areas between these folds (Figure 4).

e

o S _;t

Figure 3. Microphotograps of A. ceterach spores
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Figure 4. SEM images of A. ceterach spores

The A. trichomanes spores are heteropolar and monolete. The spores are oblate in shape with a P/E ratio
of 0.69 (Table 2). In equatorial view, the spores are reniform to D-shaped (Figure 5). The mean polar
axis length is 28.89 (+3.93) um, while the mean equatorial axis length is 41.91 (+2.33) um (Table 2). The
aperture length ranges between 25.00-35.00 pm. The mean maximum thickness of the perine is
9.83(+1.74) um, while that of the exine is 1.53 (+0.29) um (Table 3).[1] The perispore surface is marked
by tightly arranged undulate folds, which are more frequent compared to those observed in A. ceterach.
There are also echinate-like ornaments on the edges of the folds. Between the folds, finely scabrate
ornamentation is present, contributing to the intricate surface texture (Figure 6).
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Figure 5. Microphotograps of A. trichomanes spores
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Figure 6. SEM images of A. trichomanes spores
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DISCUSSION

In the present study, the spore morphologiesy of A. ceterach and A. trichomanes naturally distributed in
Turkiye were examined in detail and contributed to taxonomic evaluations. The findings revealed that the
spores of both species were heteropolar and oblate-shaped. Although A. ceterach spores are mostly
monolete, trilete spores were rarely observed, thus indicating that this species has a heteromorphic
spore structure. On the other hand, A. trichomanes has only monolete spores.

While only trilete or monolete spores are usually reported for A. ceterach in the literature (Erdtman,
1957; Lashin, 2012), it is noteworthy that both spore types were found together in the same specimens
in the present study. This indicates that the diversity in the spore structure of the species is wider than
previously reported and can therefore be considered an important character in taxonomic distinction.
Moreover, in terms of spore size, the spores of A. ceterach were relatively larger than those of A.
trichomanes. This finding is consistent with the findings reported by Irfan et al. (2022) and Szkudlarz et
al. (2024).

In terms of perineal and exineal layer thicknesses, both species showed similar values, but the presence
of more frequent and regular wavy folds on the perispores of A. trichomanes spores and echinate-like
projections on the edges of the folds reveals a distinct difference in the surface morphology of this
species. These observations suggest that spore morphology, especially perispore structure, is an
important micromorphological character supporting interspecific discrimination (Tryon & Lugardon,
1991).

In conclusion, spore morphology, especially aperture types and perispore surface features, can be used
as distinctive and supportive characters in taxonomic studies of Asplenium species. Furthermore, the
detailed investigations in this study, conducted through light microscopy and scanning electron
microscopy (SEM), once again emphasize the importance of microscopic techniques in the taxonomic
and phylogenetic analysis of fern spore structure. In future studies, more comprehensive data on the
systematic structure of the genus Asplenium can be provided by comparatively analyzing the spore
morphology of more species.
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