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Abstract. Sofiyanti N, Sari AK, Iriani D, Mutrofin R, Taufig I, Juliantari E, Pranata S. 2021. Morphological and anatomical study of
four Pyrrosia (Polypodiaeae) species from Rumbai forest, Riau Province, Indonesia. Biodiversitas 22: 4905-4914. Pyrrosia is one of
genera in Polypodiaceae that is commonly distributed at Riau Forest, Indonesia. However, the detailed morphological characteristics and
anatomical study of Pyrrosia in this region is scanty. This study was aimed to characterize the morphology and anatomy of four
Pyrrosia species (P. angustata, P. lanceolata, P. nipoboloides and P. piloselloides) from Rumbai Forest, Riau Province. All of the
specimens were collected in the field. Morphological characters were examined in detail. Anatomical preparation was conducted using
the paraffin method. The specimens were then observed and photographed using a light microscope. Principal Component Analysis had
been carried out using a total of 52 morphological and anatomical characters. The result showed the morphological variation among the
species, especially on the shape of sterile lamina and sori characteristics. Anatomically, the examined species showed variations in
outline shape in the transverse section of rhizomes and stipes, schelerenchymatous sheath and strand, as well as number of meristele.
The PCA results showed that only three characters (shape of sterile laminae, base of sterile laminae, and upper surface color of sterile
laminae) have eigenvalue over 1.00 and together these explain 100% of the total variability of the data. The anatomical data in this study

is reported for the first time on Pyrrosia from Riau province.

Keywords: Fern, PCA, rhizome, stipe

Abbreviations: OE: outer epidermis; IE: inner epidermis; SS: Schelerencymatous sheath, SST: Schelerencymatous strand; TR:
trichome; PA: parenchymatous part; XY: xylem; PH: phloem; EP: epidermis cell; SC: subsidiary cell; GC: guardcell

INTRODUCTION

Pyrrosia Mirbel is one of genera within Polypodiaceae
(Pteridophyte), characterized by its simple leaves (Vasques
et al. 2017) and the presence of stellate hair at fronds
(Kotrnon et al. 2007; Zhang et al. 2013). This genus
comprises ca. 59 species worldwide, and most of them
occur in Southeast Asia (Vasques et al. 2017) as epiphytic
and epilithic ferns (Zhang et al. 2013).

The study on morphology plays an important role in
fern taxonomical studies. Basically, the morphological
characters are used for the identification of new taxa
(Rakotondrainibe and Hovenkamp 2012; Sofiyanti et al.
2015b; SteSevic and Berg 2015; Xu et al. 2019) and
classification of ferns (Lin and Viane 2013; Zhang et al.
2013). The study on morphology in ferns deals with form
and structure of root (Dong et al. 2015), rhizome (Tian et
al. 2014), frond (including stipe and leaf) (Vasco et al.
2013; Sofiyanti et al. 2019ab) and characteristics of sori
(Churchill et al. 2011; Watkins et al. 2016). Micro-
morphology has also reported on the fern taxonomical
studies, such as scale patterns (Nagalingum et al. 2015) and
trichomes (Taha et al. 2011). The identification of ferns is

mainly based on these characters. However, the
polymorphism in morphological characters was previously
reported on some ferns, including Pyrrosia members
(Nayar and Chandra 2011).

Our preliminary study of Pyrrosia at Rumbai Forest
Riau Province, Indonesia, indicated the morphological
variation on this genus (Sofiyanti and Isda 2018).
Therefore, morphological characterization is important to
provide detailed morphological data and complete the
existing description of Pyrrosia. As well as morphological
characters, the importance of anatomical characters on fern
had also been reported for a long period (Hagq 2017;
Koniyo et al. 2019; Kotrnon 2007; Talip et al. 2012). The
anatomical study plays an important role in taxonomical
works of fern (Dematteis et al. 2019) as well as
morphological characters, several anatomical characters of
fern are regarded as significant characters for identification
and classification (Nopun et al. 2016). Anatomical
characters of Polypodiaceae provide important findings in
genera delimitation (Lagoria et al. 2018; Zhang et al.
2013), as well as species characterization within the same
genus, as reported on Drynaria (Lagoria et al. 2018) and
Pyrrosia from Thailand (Kortnon et al. 2007). However,
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the anatomical study of ferns (including Pyrrosia species)
from Indonesia is scanty, and there are no reports on the
anatomy of Pyrrosia members from Rumbai Forest, Riau
Province.

The study of ferns from Riau Province had been
previously reported (Sofiyanti and Isda 2018; Sofiyanti et
al. 2019ab). However, only limited studies of fern anatomy
from this province had been reported on other taxa such as
Dicranopteris and Nephrolepis (Sofiyanti et al. 2019b), and
no report was on the anatomical study of Pyrrosia from
Riau Province. The study of anatomical characteristics of
rhizome and stipe in ferns had been widely carried on many
taxa (Nopun et al. 2016; Resmi et al. 2016; Sofiyanti et al.
2019b; Tian et al. 2014). Therefore, this study was aimed
to provide the detailed morphological and anatomical
characteristics of Pyrrosia from Riau Province.

MATERIALS AND METHODS

Sample collection and morphological characterization

Samples were collected in the field (Rumbai and
Kampar Forest, Riau Province, Indonesia). Four Pyrrosia
species examined in this study are Pyrrosia angustata
(Sw.) Ching, P. lanceolata (L.) Farw., P. niphoboloides
M.G. Price.,, P. piloselloides (L.) M.G. Price. The
specimens were then collected in herbarium, and deposited
at Herbarium Riauensis, Department of Biology, Faculty of
Math and Natural Science. Morphological characters were
described in detail.

Anatomical study
Anatomy of rhizome and stipe

The anatomical preparation had been carried out using
the paraffin method followed Johansen (1940). Specimens
were fixed for 24 h in 70% FAA, discard the solution.
Dehydration was carried out in alcohol series (70%, 80%,
95%, 100% I, 100% Il for 30 min each), followed by
dealcoholization in alcohol: xylol (3:1, 1:1, 1:3), xylol |
dan xylol 1l for 30 min each, and xylol: paraffin (1: 9) in
oil bath for 24 h at 58°C. The specimens were then soaked
in paraffin at 58°C for 24 h, and embedded in new paraffin
and left for several days. Cut the hardened paraffin using a
microtome (6 um thick). Put the slice on object glass, dry
in oven (at 45°C.). For staining, put the object glass for 3
min in each solution: xylol I, xylol I, alcohol: xylol (1:3,
1:1, 3:1), alcohol series (absolute I, absolute 11, 95%, 80%,
70% ), aquades, 1% safranin, 1% fast green, alcohol series
(70%, 80%, 95%, absolute I, absolute Il), alcohol: xylol
(3:1, 1:1, 1:3)), xylol I, xylol 1l dan xylol Ill. Dry the
objects at room temperature, put a small piece of paraffin,
cover the object using cover glass, and heat at 45°C.

Epidermal observation

The epidermal observation was carried out from the
lower and upper leaf surface to observe epidermis cells,
stomata and trichomes. The stomatal preparation is based
on the study of Paul et al. (2017) with modification.
Transparent nail polish was smeared on the leaf surface
and dried at room temperature. The transparent sticky tape
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was used to peel the dried nail polish. The tape was then
put on the object glass. All the anatomical samples were
then observed and documented using Olympus CX41
microscope.

Data analysis

The characters of morphology and anatomy were
described, scored and analyzed using Principal Component
Analysis, Minitab.

RESULTS AND DISCUSSION

Species enumeration and morphological description

The morphological characters were observed based on
the specimens collected in the field. The detailed
morphological descriptions of all Pyrrosia species
examined in this study are presented here.

Pyrrosia angustata (Sw.) Ching, Bull. Chin. Bot. Soc. 1
(1): 49 1935.

Epiphytic. Rhizome long and creeping, ca. 1.5-2.6 mm
diam, dark brown at basal portion, pale brown at apical
portion, scaly. Scale: non-clathrate scales, peltately
attached. Fronds indistinctly dimorphic, simple. Sterile
frond: petiole ca. 4-5 cm long, brown; laminae lanceolate,
ca. 20-25 cm long or more by 2.5-4, thick and leathery,
widest in the middle, dark green at glabresent upper
surface, greyish-green at the lower surface with stellate
hairs (Thrihcome), basal cuneate, apex long acuminate.
Midrib raised beneath, forming a groove at the upper
surface. Fertile frond: stipe ca. 4-5 c¢cm, brown; laminae
lanceolate, ca. 30-40 cm long or more by 4-5 cm wide or
more, dark green whitish light green at the lower surface
with stellate hairs (Trichome), thick and leathery, wider at
the middle, gradually narrower toward soriferous apical
portion, margin entire, basal cuneate, apex long-acuminate,
upper surface of soriferous portion knobby, soriferous
portion on third toward the apex. Midrib raised beneath,
forming groove at upper surface. Sori at one-third
soniferous portion toward apex, almost ovale to orbicular,
brown, 8 by 3 mm broad or more, arranged in one regular
row at the leaf margin, usually sunk in shallow hollow and
raised on upper surface.

Synonyms: Drynaria angustata (Sw.) Fé, Niphobolus
angustatus (Sw.) Spreng, Niphopsis angustata (Sw.) J.
Sm., Niphopsis angustata (Sw.) J. Sm, Polypodium
angustatum Sw.

Specimens examined: PAO01, PA302, PA03, PA04,
Nery, Rumbai Forest, Pekanbaru, Riau, Indonesia

Pyrrosia lanceolata (L.) Farw.

Epiphytic. Rhizome long creeping, ca. 1.5-2 mm diam.,
dark brown, scaly. Scale: linear-lanceolate margin ciliate,
non-clathrate scales, peltately attached. Frond distinctly
dimorphic, simple. Sterile frond: stipe ca. 2-3.5 ¢cm light
green; laminae linear-lanceolate, ca. 15-20 cm long by 10.-
1.5 cm wide or more; light green, gradually narrowing
toward both apex and base, widest below, base attetuate to
conate, apex rounded, margin entire, hair stellate. Midrib
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raised beneath, forming groove at the upper surface. Fertile
frond; stipe ca. 4 - 5 cm; laminae linear-lanceolate, ca. 15-
20 cm long or more by 1-1.5 cm, widest below, gradually
narrowing toward both apex and base, base attetuate to
conate, apex rounded, light green, hair stellate. Midrib
raised beneath, forming groove at the upper surface. Sori at
distict pit, at two-third sofiferous portion toward apex,
small, ca 1 mm diam., deeply sunken, round (orbicular),
arranged in 5-6 layer on both sides of the mid rib.

Synonym: Acrostichum dubium Poir., Acrostichum
lanceolatum L., Candollea lanceolata Mirb. ex Lam. &
Mirb., Craspedaria pertusa (Roxb. ex Hook.) Link,
Cyclophorus adnascens (Sw.) Desv., Cyclophorus
adnascens f. dichotoma Alderw. Cyclophorus adnascens
var. minor Alderw., Cyclophorus adnascens f. pernuda
Alderw., Cyclophorus cornutus Copel., Cyclophorus
dimorphus Copel., Cyclophorus giesenhagenii (Christ) C.
Chr.,  Cyclophorus  glaber  Desv.,  Cyclophorus
heterophyllus Desv., Cyclophorus lanceolatus (L.) Alston,
Cyclophorus nudus (Giesenh.) C. Chr., Cyclophorus
pachydermus (Baker) C. Chr., Cyclophorus pustulosus
Christ, Cyclophorus spissus (Bory ex Willd.) Desv.,
Cyclophorus spissus var. continentalis (Hieron. ex Engl.)
Hieron., Cyclophorus stellatus Copel., Cyclophorus tener
(Giesenh.) C. Chr., Cyclophorus varius (Kaulf.) Gaudich.,
Cyclophorus  varius  var. flabelliformis  Alderw.,
Cyclophorus vittarioides C. Presl, Cyclosorus spissus
(Bory ex Willd.) Desv., Dendroglossa lanceolata (L.) Fée,
Drymoglossum  martinicense ~ Christ, ~ Gymnopteris
lanceolata (L.) T. Moore, Niphobolus adnascens var.
spissum (Bory ex Willd.) Keyserl., Niphobolus adnascens
(Sw.) Kaulf., Niphobolus adnascens var. varius (Kaulf.)
Keyserl., Niphobolus carnosus Blume, Niphobolus
caudatus Kaulf., Niphobolus elongatus Blume, Niphobolus
giesenhagenii Christ, Niphobolus glaber (Desv.) Kaulf.,
Niphobolus heterophyllus (Desv.) Spreng., Niphobolus
koenigii Blume, Niphobolus nudus Giesenh., Niphobolus
pertusus (Roxb. ex Hook.) Spreng., Niphobolus spathulifer
Bory, Niphobolus spissus (Bory ex Willd) Kaulf.,
Niphobolus spissus var. continentalis Hieron. ex Engl.,
Niphobolus tener Giesenh., Niphobolus varius Kaulf.,
Niphobolus vittarioides T. Moore, Polypodium adnascens
Hook., Polypodium carnosum (Blume) Mett., Polypodium
carnosum var. elongatum (Blume) Mett.,, Polypodium
pachydermum Baker, Polypodium pertusum Roxb. ex
Hook., Polypodium spissum Bory ex Willd., Polypodium
vittarioides (C. Presl) Mett.,, Pteropsis martinicense
(Christ) Maxon, Pyrrosia caudata (Kaulf.) Ching, Pyrrosia
cornuta (Copel.) Tagawa, Pyrrosia dimorpha (Copel.)
Parris, Pyrrosia pachyderma (Baker) Ching, Pyrrosia
stellata (Copel.) Parris, Pyrrosia varia (Kaulf.) Farw.

Specimen examined: PL01, PL302, PLO3 Nery, Rumbai
Forest, Pekanbaru, Riau, Indonesia.

Pyrrosia niphoboloides M.G. Price.

Epiphytic. Rhizome long creeping, ca. 1-1.8 mm diam.,
dark brown, scaly. Scale: non-clathrate scales, peltately
attached. Frond distinctly dimorphic, simple. Sterile frond:
stipe ca. 1 mm; laminae ca. 2-3 cm long by 1-1.5 cm wide
or more, green, ellipsoidal to almost ovate, wider at the
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middle, margin entire slightly incurved, base acuminate,
apex rounded, hair stellate. Fertile frond: stipe ca. 1-3 cm;
laminae ca. 10-20 cm long or more by 1-1.4 cm,
lanceolate-linear, base acuminate, apex acuminate with
slightly lobed, green, margin entire slightly recurved, basal
acuminate, apex rounded, hair stellate. Coenosori presents,
superficial, sori elongated along the leaf margin an
dinterupted, ca 1-2 mm wide.

Specimens examined: PNO01, PNO02, PAO3, Nery,
Rumbai Forest, Pekanbaru, Riau, Indonesia

Pyrrosia piloselloides (L.) M.G. Price.

Epiphytic. Rhizome long creeping, ca. 1-1.4 mm diam.,
dark brown, scaly. Scale: non-clathrate scales, peltately
attached. Frond dimorphic, simple. Sterile frond: stipe ca. 1
mm; laminae thick, 1.5-6 cm long by 1-1.5 cm wide or
more, green, circular, elliptical or obovate, wider at the
middle, margin entire, apex rounded, hair stellate. Fertile
frond: stipe ca. 1-3 cm; laminae ca. 10-20 cm long or more
by 1-1.4 cm, lanceolate-linear, base acuminate, apex round,
green, margin entire, hair stellate. Coenosori presents,
superficial, sori elongated along the leaf margin, except at
the base, ca 1-2 mm wide.

Synonyms: Drymoglossum piloselloides (L.) C. Presl,
Drymoglossum rotundifolium C. Presl, Drymoglossum
piloselloides var. platycerioides Z. Teruya, Lemmaphyllum
piloselloides (L.) Luerss., Notholaena piloselloides (L.)
Kaulf. ex Kaulf., Oetosis piloselloides (L.) Kuntze, Pteris
piloselloides L., Pteropsis piloselloides (L.) Desv., Taenitis
piloselloides (L.) R. Br.

Specimens examined: PP01, PP02, PP03, PP04, PPO5,
Nery, Rumbai Forest, Pekanbaru, Riau, Indonesia

During our exploration at Rumbai Forest, Riau
Province, we observed that all of the Pyrrosia members are
epiphityc and growing on tree trunks, such as Mango
(Mangifera indica), Rambutan (Nephellium lapaceum) and
Mahogany (Swietenia mahogany). The field observation of
Pyrrosia showed different growth habits. The growth of P.
angustata usually forms clusters. This habit was also
reported from the same species collected from the different
forests in Riau Province (Sofiyanti et al. 2015b). The
laminae of P. lanceolata, P. niphoboloides and P.
piloselloides are more sparsely located. P. angustata is
commonly found at the base of the tree trunk, while three
other species are found on some parts of the tree and
densely attached to twigs, branches, and trunks of the host
tree.

The rhizomes of all four Pyrrosia species examined in
this study are creeping. In this study, P. angustata has the
widest diameter of rhizome (up to 2.6 mm), followed by P.
lanceolata (up to 2 cm). While P. niphoboloides and P.
piloselloides have the smallest diameter of rhizome (ca. 1
mm). Most Pyrrosia species have rhizome diameters less
than 5 mm. However, the widest diameter was reported on
P. boothii (Hooker) Ching, which reach up to 8 mm (Zhang
et al. 2013).

The presence of rhizome scale becomes the
characteristic of Polypodiaceae genera, including Pyrrosia
(Zhang et al. 2013). Scale characteristic is an important
character in species delimitation of this genus, as reported
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by Kortnon et al. (2007). Hovenkamp (1986) had reported
type of scale rhizome of Pyrrosia, i.e. baxified, peltate and
pseudopeltate. According to Kato and Tsutsumi (2008),
scales with basified type have no stalk, and are attached by
broad bases, while peltate and pseudopeltate scales
comprise stalk and shield. The difference of those types is
in the position of the stalk, inserted near the center of the
shield in peltate scale (Ranil et al. 2006), or strictly at the
base of the shield in pseudopeltate scales. The basified and
pseudopeltate scale were reported on Pyrrosia princeps
(Mett.) Morton and Pyrrosia schimperiana (Kuhn) Alston.,
respectively (Hovenkamp 1986). In this study, all of
examined Pyrrosia species have a peltate scale.

Watkins et al. (2016) reported three categories of
morphological divergence in ferns, i.e. monomorphic,
hemidimorphic, and holodimorphic or dimorphic. In
monomorphic ferns, there is no difference in the shape of
fertile and sterile fronds, because there are produced with a
similar degree of laminar area (Hovenkamp 1986; Watkins
et al. 2016). Hemidimorphic ferns have the same frond that
is separated into sterile and fertile portions and usually
fertile fronds are significantly reduced laminar area
(Watkins et al. 2016), as reported on Aglaomorpha
meyeniana (Vasco et al. 2013). The term subdimorphic is
reported in fern by Zhang et al. (2013). Holodimorphic or
dimorphic ferns show the extreme reduction of laminar area
of fertile fronds (Watkins et al. 2016). The term
holodimorphic in ferns had been reported earlier by Wagner
and Wagner (1977), to indicate a total loss of vegetative
function on sporophyll. In Pyrrosia members, the categories
of morphological divergence that had been reported were
monomorphic e.g. P. sheareri (Baker) Ching (Hovenkamp
1986) and P. stigmosa (Swartz) Ching (Zhang et al. 2013);
subdimorphic e.g. P. nuda (Giesenhagen) Chin and
dimorphic (P. piloselloides) (Zhang et al. 2013).

In this study, we observed dimorphic frond type at all of
the examined species. However, the fertile and sterile
fronds in P. angustata and P. lanceolata sometimes are not
clearly distinct, due to its similar shape and size. The
variation of frond type was reported by Hovenkamp (1986)
on P. lanceolata, with moderately to strongly dimorphic
frond and distinctly or indistinctly stipitate. The shape of
sterile fronds among the species observed are lanceolate (P.
angustata), linear to lanceolate (P. lanceolata), ovale (P.
niphoboloides) and almost circular to ovale (P.
piloselloides). P. angustata has the biggest sterile laminae
(up to 25 cm long) than other Pyrrosia in this study. The
smallest size of sterile laminae was recorded from P.
piloselloides (ca. 8 mm long).

The identification of Pyrrosia species has to be
carefully carried out due to the morphological variation,
especially on the shape of sterile laminae, as recorded on P.
heterophylla. In this study, we observed that sterile laminae
of P. niphoboloides and P. piloselloides are more variable
in shape, than P. angustata and P. lanceolata. P.
niphoboloides showed ellipsoidal to ovate shape and P.
piloselloides showed the circular, elliptical or obovate
shape of sterile laminae. However, the most common
shapes are circular or elliptical. The obovate shape of
sterile laminae was also reported by Tsutsumi et al. (2018)

BIODIVERSITAS 22 (11): 4905-4914, November 2021

on P. piloselloides collected from Bogor Botanic Garden,
West Java Province.

The shape and size of fertile laminea vary among the
species observed. Usually, the fertile laminae of Pyrrosia is
longer and narrower than sterile laminae. The strongly
dimorphic fronds were found in both P. niphoboloides and
P. piloselloides. These two species showed the different
shapes of fertile laminae, ie. Lanceolate-linear. The length
of this laminae is almost three to four times longer than
sterile laminae. Therefore, both sterile and fertile laminae
are easily recognized during the observation. The laminae
of P. niphoboloides and P. piloselloides are distinguished
by their margin and tip of laminae. P. niphoboloides
showed incurved margin and slightly lobed tip of laminae.
On the other hand, P. piloselloides showed an entire
margin with a rounded laminea tip.

The observation of fertile lamina of P. angustata and P.
lanceolata indicated a similar shape with sterile laminae,
i.e. lanceolate and linear-lanceolate, respectively. However,
in fertile laminae the soniferous portion is gradually
narrower and longer. The fertile laminae of both species are
widest below. However, the lamineae color of P. angustata
is different from P, lanceolate. P. angustata has dark green
color on the upper surface of laminae and greyish green at
the lower surface. On the other hand, P. lanceolata showed
a light green color of laminenae. These species were also
distinguished by the characteristic of soniferous portions.
P. angustata has one-third sobiferous portions toward the
apex, and P. lanceolata has two third soniferous portion
toward the apex. The dorsal surfaces of P. angustata are
knobby at soniferous portion, indicating the deeply sunken
sori at the ventral surface.

Sori is one of the important characteristics of fern
identification. Zhang et al. (2013) recorded two types of
sori in Pyrrosia, i.e. longitudinally elongated (coenosori)
and orbicular or slightly elongated. In this study, coenosori
is found in P. niphololoides and P. piloselloides, while
orbicular in P. lanceolata and P. angustata. However, sori
of P. angustata observed in this study is almost ovale than
in P. lanceolata. In sori position, both P. niphoboloides and
P. piloselloides also show a similar pattern, with superficial
and marginal sori. In contrast, P. angustata and P.
lanceolata have sunken sori, and cover the lower surface of
soniferous portion.The sori size in P. angustata are larger
than in P. lanceolata. P. angustata also have a knobby area
at the upper surface of soniferous portion. Hovenkamp
(1986) had proposed a total of 10 Pyrrosia groups based on
the characteristic of morphology. In this study, we
identified 3 out of 10 groups, i.e. The P. angustata-group
(characterized by the contraction of the sori into a single
row), The P. lanceolata-group (characterized by the deeply
sunken sori) and P. piloselloides-group (characterized by
the presence of coenosori). The last group comprises two
species, i.e. P. piloselloides and P. niphoboloides.

Anatomical study

In this study, the anatomy of the rhizome and stipes was
observed. Figure 1 and 2 present the anatomy of rhizome
and stipe, respectively. The range of quantitative data was
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measured based on 5 points of view of anatomical
specimens.

Pyrrosia angustata

Rhizome almost ovale in outline, ca 2.75 mm in diam,
scaly (Figure 1A). Scale T-shaped in cross-section,
multiceluler, stalk ca. 60-70 um in height, tip in transverse
section slightly concave (Figure 1E). Epidermis: polygonal,
2-3 layered, outer part formed of compactly packed cells
ca. 40-55 um long, inner layer with various size (Figure
11). Ground tissue (cortex) consisted of many layers, outer
with 6-8 sclerenchymatous layers, cell size ca. 20-45 pm
long; inner parenchymatous, cell size ca. 25-45 um long.
Stelar dictiostele. Meristele 9 bundles, almost rounded, size
almost similar, each meristele covered by endodermis.
Sclerencymatous strands located around meristele,
vascular. Vascular bundle concentric-amphicribral, xylem
compact in the middle, xylem cells is bigger than phloem.
Petiolus: outline almost globose in transverse section
(Figure 2A). Epidermis polygonal with flat anticlial cell
walls (Figure 2E). Ground tissue (cortex) outer with 2-3
sclerenchymatous sheaths (Figure 21) inner
parenchymatous, cell size ca. 35-55 pm long (Figure 2M).
Stelar type dictiostele, with 5 meristele. Vascular bundle
concentric-amphicribral, ovale-shaped, xylem cells bigger
than phloem. (Figure 2M). Stomata: hypostomatic,
pericytic; guard cells reniform ca 37.90 + 4.54 by 33.50 +
2.40; subsidiary cells irregular, two cells. Trichome:
stellate hair.

Sample code: PA-Rh1l, PA-Rh2, PA-RH3 (rhizome):
PA-St, PA-St2 (stipe); PA-Epl (stomata and trichome).

Pyrrosia lanceolata

Rhizom almost circular in outline, ca. 1.5 mm in diam.,
scaly (Figure 1B). Scale T-shaped in cross-section,
multicelular, stalk ca. 40 - 45 pm in height, tip in
transverse section slightly concave. Epidermis: polygonal,
2-4 layered, outer part formed of compactly packed cells
ca. 30-40 um long, inner layer consisted of various cell size
(Figure J). Ground tissue (cortex) consisted of many layers,
outer with 3-5 sclerenchymatous layers, cell size ca. 15-35
pum long; inner parenchymatous, cell size ca. 20-40 um
long (Figure 1N). Sclerenchymatous strands located at the
inner parenchyma part, centrally arranged. Stelar
dictiostele. Meristele 4 bundles, almost ovale-shaped, one
meristele has the biggest size (ca. 35 um long), each
meristele covered by endodermis. Vascular bundle
concentric-amphicribral, xylem compact in the middle,
xylem cells are bigger than phloem. Stipe: outline almost
heart-shaped in transverse section (Figure 2B). Epidermis
irregular-shaped with sinous anticlial cell walls. Ground
tissue (cortex) with 3-4 sclerenchymatous sheaths (Figure
2F), inner parenchymatous (Figure 2J). Stelar type
dictiostele, with 5 meristele. Vascular bundle concentric-
amphicribral, ovale-shaped, xylem cells bigger than
phloem. (Figure 2N). Stomata reniform, hipostomatic,
pericytic; guard cell 31.44 + 154 by 26.23 + 3.11;
subsidiary cells polygonal, 2-4 cells. Trichome: stellate
hair.
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Sample code: PL-Rh1, PL-Rh2, PL-RH3 (rhizome):
PL-St1, PL-St2, PL-St3 (stipe); PL-Epl (stomata and
trichome).

Pyrrosia niphoboloides

Rhizom almost circular in outline, with flatter side
abaxially, ca. 1.4 mm in diam., scaly (Figure 1C). Scale T-
shaped in cross-section, multicellular, stalk ca. 35 - 40 um
in height, tip in transverse section convex (Figure 1G).
Epidermis: polygonal, 2-3 layered, outer part formed of
compactly packed cells ca. 20-30 um long, inner layer
consisted of various cell size (Figure 1K). Ground tissue
(cortex) consisted of many layers, outer with 2-3
sclerenchymatous layers, cell size ca. 25-40 um long; inner
parenchymatous, cell size ca. 10-40 pm long. Stelar
dictiostele. Meristele 4 bundles, almost ovale-shaped, one
meristele has the biggest size (ca. 30 um long), each
meristele covered by endodermis. Vascular bundle
concentric-amphicribral, xylem compact in the middle,
almost ovale-shaped, broader at the middle, xylem cells
bigger than phloem. Stipe: outline almost wing-shaped in
transverse section (Figure 2C). Epidermis tubular-shaped
with flat anticlial cell walls. Ground tissue (cortex) outer
with 1- 3 sclerenchymatous sheaths, inner parenchymatous.
Stelar type dictiostele, with 5 meristele. Vascular bundle
concentric-amphicribral, xylem cells bigger than phloem.
Stomata hipostomatic, pericytic guard cell reniform, 34.76
+ 3.02 by 32.62 +3.03; subsidiary cells polygonal, three
cells. Trichome: stellate hair.

Sample code: PN-Rh1, PN-Rh2, PN-RH3 (rhizome):
PN-St1, PN-St2, PN-St3 (stipe); PN-Epl (stomata and
trichome).

Pyrrosia piloselloides

Rhizom is almost circular in outline, with flatter side
abaxially, ca. 9 mm in diam., scaly (Figure 1D). Scale T-
shaped in cross-section, multicelular, stalk ca. 20 - 30 um
in height, tip in transverse section convex (Figure 1G).
Epidermis: polygonal, 2-3 layered, outer part formed of
compactly packed cells ca. 20-25 um long, inner layer
consisted of various cell size. Ground tissue (cortex)
consisted of many layers, outer with 2-3 sclerenchymatous
layers, cell size ca. 10-40 um long; inner parenchymatous,
cell size ca. 10-40 um long (Figure 1K). Stelar dictiostele.
Meristele 4 bundles, almost ovale-shaped, 1 meristele has
the biggest size (ca. 30 um long), each meristele covered
by endodermis. Vascular bundle concentric amphicribral,
xylem compact in the middle, almost ovale-shaped, broader
at the middle (Figure 10). Stipe: outline wing-shaped in
transverse section (Figure 2D). Epidermis tubular-shaped
with flat anticlial cell walls. Ground tissue (cortex) with 1 -
2 sheaths inner parenchymatous (Figure 2K). Stelar type
dictiostele, with 5 meristele. Vascular bundle concentric-
amphicribral, (Figure 2P). Stomata hipostomatic, adaxial
surface without stomata (Figure 3A), pericytic; guard cell
reniform, 33.22 + 1.81 by 29.26 + 2.89; subsidiary cells
polygonal, three cells (Figure 3B). Trichome: stellate hair.

Sample code: PP-Rh1, PP-Rh2, PP-RH3 (rhizome): PP-
Stl, PP-St2, PP-St3 (stipe); PP-Epl (stomata and
trichome).
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Rhizome

The study of anatomy in fern had been previously
reported (Haq 2017; Kotrnon 2007; Resmi et al. 2016;
Talip et al. 2012). In this study we examined the anatomy
of the rhizome and stipe. The outline of the rhizome in the
transverse section show two shapes, i.e. almost ovale (P.
angustata), almost circular (P. lanceolate, P. niphoboloides
and P. piloselloides). The scale of these four species is
similar (non-clathrate and peltate scale). Non-clathrate
scales do not have a latticelike appearance or structure.
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This structure is commonly found in Asplenium
(Aspleniaceae). The peltate scales have a cylindrical stalk
that is attached near of below the center of the shield
(Tsutsumi and Kato 2009). The transverse section of scales
presented in figure 1 (D-G) shows a T-shaped scale and the
tip of scale are concave (P. angustata and P. lanceolata)
and convex tip (P. niphoboloides and P. piloselloides). The
scale stalk height varies within the species, ca. 20-30 (P.
piloselloides), 35-40 um (P. niphoboloides), 40-45 (P.
lanceolata) and 50-70 um (P. angustata).

Figure 1. Rhizome anatomy of four Pyrrosia. (P. angustata (A, E, H, L); P. lanceolata (B, F, J, N, R); P. niphoboloides (C, G, K, O, S)
and P. piloselloides (D, H, L, P, T)). (A-D outline of rhizome in transverse section; E-G. transverse section of rhizome showing

trichome; H-K. Cortex L-O. meristele; OE: outer epidermis;

IE: inner epidermis; SS: Schelerencymatous sheath; SST:

Schelerencymatous strand; TR: trichome; PA: parenchymatous part; XY: xylem; PH: phloem)
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Figure 2. Stipe anatomy of four Pyrrosia. (P. angustata (A, E, I, M); P. lanceolata (B, F, J, N); P. niphoboloides (C, G, K, O) and P.
piloselloides (D, H, L, P)). (A-D outline of stipes in transverse section; E-H epidermis and sclerenchymatous sheath; I-J parenchymatous
part; M-P. meristele). EP: epidermis; SS: Schelerencymatous sheath; SST: Schelerencymatous strand; PA: parenchymatous part; XY:

xylem; PH: phloem)

Figure 3. Epidermis of Pyrrosia piloselloides. A. Adaxial without stomata, B. Abaxial with perycytic stoma (insert: trichome with
stellate hair) (EP: epidermis cell; SC: subsidiary cell; GC: guardcell; TR: trichome)
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Epidermis cells of rhizome in all of the examined
species are polygonal, usually 2-4 layers, the outer cells are
thickly walled, beneath the epidermis cells. We observed
that ground tissue comprises of schlerencymatous (outer)
and followed by parenchymatous layers with thin wall cells
at the inner side. Usually, the schlerencymatous cells have
smaller sizes and thicker cells than parenchymatous cells.
P. angustata has the highest number of schlerenchymatous
sheath (6-8 layers), followed by P. lanceolata (3-5 layers),
while P. nipholobolides and P. piloselloides showed similar
number, 2-3 layers. The number of schlerenchymatous sheaths
in this study is almost similar to the result of Kotrnon et al.
(2007) that investigated Pyrrosia from Thailand, including
P. angustata, P. lanceolata and P. piloselloides. However,
the schlerenchymatous strands are only found in P.
angustata and P. lanceolata. Hovenkamp (1986) and
Kotrnon et al. (2007) also reported the presence of
schlerenchymatous strands in this species. Furthermore,
Kotrnon et al. (2007) recorded that in the rhizome of
Pyrrosia, a total of four arrangements of sclerenchymatous
strand had been observed, i.e. scattered irregularly,
restricted to the peripheral zone, located centrally in the
inner parenchyma and absent. In this study, the
arrangement of schlerenchymatous strand are restricted to
the peripheral zone encircles the vascular bundle (P.
angustata), located centrally in the inner parenchyma (P.
lanceolata) and absent (P. niphoboloides and P.
piloselloides). Hovenkamp (1986) reported that the
arrangement of sclerenchymatous strands in Pyrrosia had
important taxonomic value for this genus.

The stellar type in the rhizome of all species in this
study is dyctiostele. This stele is broken up into a network
of meristele (vascular strand) that is separated by
parenchymatous cells, usually the meristele varies in shape
and size and surrounds by endodermis (Moran and Labiak
2015). Dyctiostele stellar type was also reported on other
genus in Polypodiaceae, such as Drynaria, Microsorum,
Selliquea (Nopun et al. 2016), Pleopeltis (Lagoria et al.
2018.) According to Nopun et al. (2016), this stelar type is
also commonly found in other fern taxa. The number of
meristele in this study varies within the species, i.e. 9 (P.
angustata), 4 (P. lanceolata and P. niphoboloides) and 3
(P. pilloseloides). Usually, one meritele has a bigger size

Scree Plot of C1; ...; C52

401

30
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Eigenvalue

104

1 5 10 15 20 25 30 35 40 45 50
Component Number
A
Figure 4. Result of PCA. A. Scree plot, B. Biplot
Table 1. Principal component value of four examined Pyrrosia
based on 10 selected characters
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than the other meristeles. The type of vascular bundle is
concentric-amphicribral, in which the phloem encircles the
xylem entirely. This bundle is closed due to the absence of
cambium.

Stipe

The outlines of the stipe in the transverse section are
globose (P. angustata), almost heart-shaped (P. lanceolata)
and wing-shaped (P. niphobolides and P. piloselloides).
Three other outlines of Pyrrosia stipe in the transverse
section in Pyrrosia had been recorded by Kotrnon et al.
(2007), i.e. round (P. mollis), spindle-shaped (P.
tonkinensis) and elliptical-shaped (P. piloselloides). The
wing-shaped stipe of P. piloselloides in this study is caused
by the narrow-elongated base of laminae toward the stipe
base.

The epidermal cells arrange in 1 layer, with various cell
shapes, i.e. polygonal (P. angustata), irregular (P.
lanceolata) and tubular (P. niphobolides and P.
piloselloides). The anticlinal cell walls are flat, except in P.
lanceolata  (sinous). Below the epidermis, the
schlerenchymatous sheath is arranged in 1-4 layers. The
stellar type is dyctiostele, with a similar number of
meristele in all of the species observed (5 meristele), with a
concentric-amphicribral vascular bundle.

Stomata and trichome

The stomatal complex of all the examined Pyrrosia
species are hypostomatic, in which the stomata are absent
in the adaxial surface (Figure 3A) and only found in the
lower surface (abaxial) of laminae (Crang et al. 2019) as
seen in Figure 3B. In this study, the stomatal pattern of all
four examined Pyrrosia is pericytic, in which the guard
cells have been detached from the subsidiary cells. This
pattern had been reported earlier on Pyrrosia members
Hovenkamp (1986), Cheng et al. (2014). Pyrrosia members
is also characterized by the presence of trichomes with
stellate hairs on both adaxil and abaxial surface of laminae
(Figure 3 A and B, insert). This structure is densely found
abaxially. The characteristic of trichome is an important
value for the identification of Pyrrosia species (Hovenkamp
1986; Cheng et al. 2014; Sofiyanti and Isda 2018).
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Characters PC1 PC2 PC3
Shape of sterile laminae 0,023 0,101 -0,566
Base of sterile laminae 0,045 -0,300 -0,008
Upper surface color of sterile 0,161 0,033 0,026
laminae
Lower surface color of sterile 0,161 0,033 0,026
laminae
Length of fertile frond petiole 0,161 0,033 0,026
Width of fertile laminae 0,161 0,033 0,026
Shape of fertile laminae 0,045 -0,300 -0,008
Shape of sori 0,161 0,033 0,026
Number of epidermis layer of 0,045 -0,300 -0,008
rhizome
Anticlinal walls 0,045 -0,300 -0,008
Eigenvalue 38,000 10,264 2,735
Proportion (%) 7450 20,10 5,40
Cumulative (%) 7450 94.60 100
,00

Principal Component Analysis (PCA)

Principal component analysis (PCA) is a tool to
examine the relationships in continuous multivariate data,
that was first introduced by Pearson (Mishra et al. 2017).
The principle component captures the most variation in a
data set (Jolliffe and Cadima 2016). This analysis develops
a small set of uncorrelated components based on the scores
on the variables (Santos et al. 2019). In this study we
combine morphological and anatomical characters with
being analyzed using PCA, with a total of 52 characters.
The result shows that only the first three characters have
eigenvalue over 1.00 (Table 1) and together these explain
100% of the total variability of the data. Eigenvalue
represents the amount of variation retained by each
principal component. The conclusion based on the first
three components is supported by the scree plot (Figure
4A). The scree plot is a line plot of the eigenvalue of the
principal component (Santos et al. 2019). A total of three
points in Figure 4A are observed before the breaking point
(indicated by the elbow-shaped before flat points). In the
first and second principal components, there is no dominant
character to distinguish the examined species, indicated by
the value of each principal component (< 16.i % in the first
principal component and < 30.0 % in the second principal
component) (Table 1). In the third principal component,
only one character with a value >50 %, i.e. shape of sterile
laminae (56.6 %). This character is different within the
species examined, i.e. circular-oblong (P. piloselloides),
lanceolate (P. lanceolata), linear-lanceolate (P. angustata),
and ellipsoidal to almost ovate (P. nipoboloides).

Figure 4B shows the PCA biplot in this study.
According to Donoso-Nanculea (2015), biplot presents
both principal component scores of samples and the
loading of variables in a single plot. The score of the
principal component will group together all the taxa with
high similarity. The loading plot indicates how strongly
each examined character influences a principal component
(David and Jacobs 2014). In Figure 4B, the position of P.
niphoboloides and P. piloselloides is closer and located in
the same quadrant, indicating the high similarity of the
observed characters. The main characteristic of P.
nipholoides is the tip of laminae with slightly lobed (C23),
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while the characteristic of P. piloselloides is the base of
sterile laminea (C8) and shape of fertile laminea (C21). P.
angustata and P. lanceolata are located in different
quadrants. The characteristics of P. angustata that are
distinguished from the other three species are the weak
dimorphic frond (C2) and greyish green color of sterile
laminae (C12). P. lanceolata is distinguished from other
species based on the acuminate base of sterile laminea (C8)
and linear-shaped fertile laminae with below widest (C21).
The two characters form a small angle (<90°), indicating a
positive correlation. The PCA result shows the main
characteristic of each examined species.

In conclusion, Pyrrosia members in this study are
characterized by having creeping rhizomes, dimorphic
fronds, simple leaves with leathery or fleshy laminae. All
species show stellate trichomes with  reniform,
hipostomatic, pericytic stomata on epidermal cells.
Morphologically, the four examined Pyrrosia species can
be distinguished based on the shape of laminae, as well as,
sori characteristics. This study gives an important
contribution to the morphological characteristic of four
Pyrrosia species collected from Rumbai Forest, Riau
Province. The anatomical approach as well as PCA
presented in this study is firstly recorded from Pyrrosia
species from Indonesia.
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