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Stomata are structures on the surface of leaves known for their function in gaseous exchange
in plants. After examining 26 species of Selaginella collected from Peninsular Malaysia and
Singapore, we discover and report the presence of stomatal structures that are located right
on the border of adaxial surface of lateral and axillary leaves of four species of Selaginella (S.
roxburghii, S. ridleyi, S. rivalis and S.ciliaris). The marginal stomata appear to be non-functional
due to their position on the leaf border which is one to two cells thick.
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INTRODUCTION

Stomata are small apertures found in the above ground
parts of all terrestrial plants, especially on the leaf surfaces.
They function to account for approximately 95% of
gaseous exchange and regulate water loss via transpiration
and CO2 uptake during photosynthesis (Taiz & Zeiger
2010, Camargo & Marenco 2011).

Selaginella are a group of Lycophyta whose diversity is
still relatively not well studied in E and SE Asia. A few
published keys based on morphological characters are
available for the species identification in SE Asia (Alston
1934, 1935, Dahlen 1988, Wong 1983). Additionally,
there were three recently conducted, albeit incomplete,
phylogenetic studies consisting of European and American
species of Selaginella (Manhart 1995, Korall et al. 1999,
Korall & Kenrick 2002). Much of the study of basic
biology of this group of basal plant taxa in the Malesian
region are still waiting and needed investigation by the
scientific community.

The examination and documentation of epidermal
morphology of the leaf of spermatophytes and ferns in
relation to the ecophysiology of plants and to discover new
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diagnostic characters have been rather extensively conducted
(Van Cotthem 1970, Nadeau & Sack 2002, Casson & Gray
2008, Gabriel y Galan et al. 2011, Nurit-Silva & Agra 2011,
Wang et al. 2011, Giuliano & Gregorio 2012, Nurit-Silva
et al. 2012). For example, stomata are observed to be
distributed mainly on the abaxial surface of leaf of 35 species
of tropical trees, while the adaxial surface of the leaf possess
few or no stomata (Camargo & Marenco 2011).

However, not many studies have been done to examine
the surface anatomy of the leaves of the different species
of Selaginella (Harvey-Gindson 1897, Cosico 1972,
Buck 1986, Dahlen 1988). This is especially true for
the species of Selaginella in tropical SE Asia, which
is the focus of our on-going research study of the leaf
epidermal anatomy of species of Selaginella in Peninsula
Malaysia and Singapore. The aim is to document, assess
and evaluate the usefulness of epidermal elements in
the natural grouping of species of Selaginella and in the
inference of their homology and phylogeny.

Indeed, our preliminary finding on the study showed
that the different species of Selaginella in the Peninsular
Malaysia and Singapore exhibit different patterns of
distribution of various types of epidermal cells, including
the stomata, on the median, lateral and axillary leaves,
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which, when taken together, can form a set of diagnostic
characters to aid in identifying the species or species
group. Overall, leaves of Selaginella spp. in Peninsula
Malaya and Singapore can be both amphistomatus or
hypostomatus. However, the abaxial surface of the
vegetative leaves is always much higher in stomatal
density than the adaxial surface by our observation.

What is unusual and comes as a surprise in our study
is the observation of stomatal apparatus, without the
differentiated subsidiary cells, found right on the leaf
border in four species, namely, Selaginella roxburghii
(Hook. & Grev.) Spring (Figure 2), S. rivalis Ridl.
(Figure 1), S. ridleyi Baker (Figure 3) and S. ciliaris
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(Retz.) Spring (Figure 4). The last mentioned species is
a common Selaginella found in opened grassy habitat in
the Philippines.

We report here and illustrate below the presence of such
marginal stomata occurring on the adaxial surface of the
lateral and axillary leaves of the above mentioned four
species of Selaginella. Accordingly, we hypothesize that
these structures are non-functional gaseous exchange
apparatus because the stomata are located at the leaf border
where there will be no internal air space below the two
guard cells, as this part of the leaf'is only one or two layers
of cells thick. We noted further that such a non-functional
stomata are not observed on the abaxial surface of all

Figure 1. Selaginella rivalis. A. Axillary leaves; B. leaf border showing marginal stomata; C. laminal stomata of Selaginella rivalis:
note that the subsidiary cells of the stomata are indistinguishale from laminal cells.

Figure 2. Apical leaf cells of lateral leaf and lateral outline of Selaginella roxburghii. Black dot indicates a leaf bordered stomata structure.

246



Philippine Journal of Science
Vol. 142: Special Issue

Youguang & Tan: Non-functional stomata in Selaginella

Figure 4. Selaginella ciliaris. A. SEM photograph of margin of adaxial surface of lateral leaf of S. ciliaris showing the stomatal
opening (750x%); B. Line drawing of margin of adaxial surface of lateral leaf of S. ciliaris showing the stomata (400%).

vegetative microphylls of species of Selaginella studied.

Our report of the occurrence of leaf marginal stomata
only on the adaxial surface of the leaves in species of
Selaginella is supported by an early study conducted by
Harvey-Gibson (1897). Interestingly, the two past studies
of the leaf epidermal cellular patterns of SE Asian species
of Selaginella did not mention any observation of such
marginal stomatal opening on the leaf border (Cosico
1972, Dahlen 1988). Submarginal stomata located near
the differentiated border of the leaves of Selaginella are
frequently observed in our study and they can at times
be mistaken for the bordered stomata reported here. In
our study, submarginally located stomata seen on the
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adaxial surface of lateral and axillary leaves of Selaginella
occur in 14 of the 26 species of Selaginella that we have
examined. Stomata located marginally and submarginally
on the different leaves of Selaginella do not seem to be a
rare occurrence and are probably dictated by the function
of genetic expression.

As far as we know, the first account of stomata on the
leaf border of species of Selaginella was made by Harvey
Gibson in 1897 who reported, albeit with no illustration,
the finding from 12 species out of a total of 52 species
examined. This study included mainly the species of
northern temperate and boreal distribution, with only three
species occurring in SE Asia, namely, S. wallichii (Hook.
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& Grev.) Spring, S. willdenowii (Desv. ex Poir.) Baker
and S involvens (Sw.) Spring. A recent report by Schulz
et al. (2010) mentioned leaf bordered stomata in S. apoda
(L.) Spring, a North American species widely used as an
ornamental. Our report and illustration here of the presence
of stomatal opening located on the leaf border of four
tropical species of Selaginella, ie., S. roxburghii, S. rivalis,
S. ridleyi and S. ciliaris (Figures 1-4), appear to be the first
inprint. Allscale bars used in the illustrations are 100 pm.
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