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ABSTRACT

An inventory of ferns and lycophytes was conducted in Mt. Sinaka, North Cotabato through repeated transect 
walks across vegetation types to determine species richness, species similarity, conservation and ecological 
status. Results revealed 163 species belonging to 26 families and 73 genera. Of these, 144 species are ferns 
and 19 are lycophytes.  The species richness constitutes about 15% and 29% of the total number of ferns and 
lycophytes in the Philippines and Mindanao Island, respectively. The majority of the growth forms are terrestrial 
having 73 species, followed by epiphytes with 64 species, tree ferns 9, hemi-epiphytes 2 and lithophytes with 
only 1 species and 14 other species were observed to have more than one growth form. Of the 19 threatened 
species recorded, 7 species are endangered, 9 are vulnerable and 3 as Other Threatened Species. Eleven species 
are broadly Philippine endemic while two are Mindanao endemic species, viz., Lindsaea hamiguitanensis and 
Tectaria weberi. This checklist will serve as a supporting document to formulate a science-based policy for the 
conservation and protection of the biological resources in Mt. Sinaka.
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INTRODUCTION

Philippine archipelago recorded a total of 1037 
pteridophyte species belonging to 40 families and 172 
genera (Pelser et al., 2011 onwards). Moreover, 202 
species are noted to be threatened (Fernando et al., 
2008) and 266 species are endemic (Pelser et al., 2011 
onwards).   In Mindanao island, 632 (60%) species are 
documented (Amoroso et al., 2012). Additionally, 130 
species (20%) distributed to 24 families and 66 genera 
are found in the four long term ecological research sites 
in Mindanao namely Mt. Apo (North Cotabato), Mt. 
Hamiguitan (Davao Oriental), Mt. Kitanglad (Bukidnon) 
and Mt. Malindang (Misamis Occidental) (Amoroso 
et al., 2015). From this, 45 species are classified as 
threatened belonging to 16 families and 25 genera 
(Coritico and Amoroso, 2020).

Mount Sinaka is home of different flora and fauna 
including the Philippine flagship species, the Philippine 

Eagle. It is also one of the remaining forest fragments 
in Arakan Valley within Greater Mindanao and it has 
been rated as “Extremely High Critical” in conservation 
importance according to the Philippine Biodiversity 
Conservation Priority-setting Program. Mt. Sinaka is 
a Key Biodiversity Area (KBA) candidate, being home 
to a highly diverse endemic flora and fauna species 
(FPE, 2020). It has a highest elevation of 1,690 m asl 
and with a land area of approximately 3,000 hectares. 
It is located at 7° 29' 22" N and 125° 15' 22" E, east of 
Marilog District of Davao City, San Miguel and west 
of barangays Tumanding, Salasang, Lanao Kuran, and 
Datu Ladayon of Arakan, North Cotabato (Mallari et 
al., 2001; Panal et al., 2015; FPE, 2017). 

Each of these barangays created a Bantay Kalikasan 
(BK) organization as mandated by the municipality of 
Arakan. This organization was established to protect 
and monitor the area (Salvador and Ibanez, 2006; FPE, 
2017).
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Illegal logging is the primary extractive activity that 
severely affects Arakan Valley’s natural resources. 
Land clearing for agriculture, including slash-and-
burn practices, also create immense pressure on the 
forest cover. Additionally, difficulty in protecting 
the areas because of increasing population, extreme 
environmental conditions, and varied cultural traditions 
among the residents further compound the problem 
were the major threats that affects its diversity (FPE, 
2020). Thus, this inadequacy of information of local 
biodiversity has affected the drafting of policy-making, 
and implementation of the conservation of biological 
resources in Mt. Sinaka, Arakan, North Cotabato. 
Moreover, there is no published checklist of ferns and 
lycophytes in Mt. Sinaka. Thus, this paper assessed the 
conservation and ecological status of pteridophytes in 
Mt. Sinaka. This paper would also serve as basis for the 
conservation of the remaining threatened and endemic 
pteridophytes in Mt. Sinaka.

METHODS AND MATERIALS

Species Inventory and Permits
An inventory of ferns and lycophytes was conducted 
in lower montane rainforest (912‒ 1170 m asl) and 
upper montane rainforest (1170‒ 1609 m asl), through a 
series of transect walk (5 m both sites) and opportunistic 
sampling techniques in the established trails of Sitio 
Bagtok, Barangay Tumanding (1345 m asl), Sitio 
Libas, Barangay San Miguel (1348 m asl), and Purok 
2, Barangay Salasang (1609 m asl) Arakan, North 
Cotabato (Figure 1). 

A Gratuitous Permit was secured from Department of 
Environment and Natural Resources (DENR) through 
CENRO Matalam Region 12 before field sampling and 
collection of specimens in the area. 

Collection, Processing, and Identification of 
Specimens
Collection of the specimens followed the procedure of 
Coritico et al. (2020) and used the wet method in the 
preservation of collected specimens (Hodge, 1947). 
Specimens were identified using monographs, floras, 
and other publications such as, Copeland’s Fern Flora 
of the Philippines (1958), the Flora Malesiana Series, 
and digitized plant specimens available in Global 
Plants on JSTOR and Co’s Digital Flora. Taxonomic 
identification was verified by Fulgent P. Coritico and 
Victor B. Amoroso.

Growth forms
The growth forms of identified pteridophyte species were 
classified as terrestrial, holoepiphytes, arborescent, hemi-

epiphyte and lithophytic (Madison, 1977; Biedinger 
and Fischer, 1996).

Species Similarity 
Bray–Curtis Cluster Analysis was used for the 
multivariate analysis of assemblage data, for sound 
biological reasons (Kembel, 2012). The data for the 
above mentioned tests made use of BioDiversity Pro 
2.0 software in analyzing the data.

Assessment of Conservation and Ecological Status 
The conservation status of the recorded species was 
based on the national list of threatened Philippine plants 
(DENR-DAO, 2017) which follows the standard criteria 
of the International Union for the Conservation of 
Nature. Ecological status of identified flora was noted 
based on Copeland (1958) and Co’s Digital Flora of 
the Philippines (Pelser et al., 2011 onwards). This 
information serves as a basis for governmental agencies 
that set environmental policies by the DENR and local 
government units (LGUs) for monitoring and protecting 
threatened and endemic species within the mountain 
range and its vicinity.

RESULTS AND DISCUSSION

Species Richness
Inventory of ferns and lycophytes in Mt. Sinaka revealed 
a total of 163 species belonging to 26 families and 73 
genera. These are composed of 144 species are ferns 
and 19 are lycophytes (Table 1; Figure 2A). Of these 
families identified, Polypodiaceae has the highest 
number of species (28) followed by Pteridaceae (14 
species), Dryopteridaceae (13 species), Aspleniaceae, 
Selaginellaceae with 12 species each, Hymenophyllaceae 
and Thelypteridaceae with 9 species each (Figure 
2B). On the other hand, lycophytes are represented 
by Lycopodiaceae and Selaginellaceae with 7 and 
12 species, respectively. The most diverse genera 
are Selaginella P. Beauv., (12 species) Asplenium 
L. (11 species), Diplazium Sw. and Davallia Sm. (6
species each), Tectaria, and Phlegmariurus Holub (5
species each), Sphaeropteris Bernh., Alsophila R.Br.,
Elaphoglossum Schott ex J.Sm.,, Tapeinidium (Presl)
C.Chr. and Selliguea Bory. (4 species each) (Figure 2C).

The species richness of this study is closely lower than 
that of Mt. Tago range with 203 species (Coritico et 
al., 2020), Mt. Kitanglad 275 species (Amoroso et al., 
1996), Mt. Malindang in Misamis Occidental with 280 
species (Amoroso et al., 2012). However, it is higher 
than Mt. Hamiguitan Range Wildlife Sanctuary in Davao 
Oriental with 152 species (Amoroso et al., 2016) and Mt. 
Agad-Agad, Lanao del Norte (Coritico et al., 2020). The 
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Figure 1. Location map of Mt. Sinaka. A. Map of the Philippines, B. Map of Mindanao Island and C. Sampling 
routes in Mt. Sinaka.

Table 1. Checklist of ferns and lycophytes in Mt. Sinaka, Arakan, North Cotabato, Southern Philippines. 
(Growth forms: AR – arborescent; HL –holoepipythic; HE – hemiepiphytic; LI – lithophytic; TE – terrestrial.)
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Table 1. Checklist of ferns and lycophytes in Mt. Sinaka, Arakan, North Cotabato, Southern Philippines. (Growth 
forms: AR – arborescent; HL –holoepipythic; HE – hemiepiphytic; LI – lithophytic; TE – terrestrial) (continued).
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Table 1. Checklist of ferns and lycophytes in Mt. Sinaka, Arakan, North Cotabato, Southern Philippines. (Growth 
forms: AR – arborescent; HL –holoepipythic; HE – hemiepiphytic; LI – lithophytic; TE – terrestrial) (continued).
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Figure 2.  Numbers of ferns and lycophytes in Mt. Sinaka by classes, families, genera, and growth forms. A. 
Proportion of families, genera, and species of Lycopodiopsida and Polypodiopsida. B. Seven most diverse 
families of ferns. C. =  D. Number of species per growth forms. E. Total number of species per site. F. Similarity 
between sites.

species richness constitutes about 15% and 29% of the 
total number of pteridophyte species in the Philippines 
and Mindanao island, respectively.

The families of ferns and lycophytes recorded in Mt. 
Sinaka are also the same families of ferns found in the 
different mountain ecosystems in Mindanao but differ 
in species richness (Amoroso et al., 2009, 2012, 2018; 
Coritico et al., 2020). Kessler et al. (2010) stated that 
species richness is greatly affected on the size of the area 
sampled, climatic condition, soil type, and geographical 
location. Even human activities such as the conversion 
of forests to agricultural lands and pollution (Amoroso 
et al., 2016) and accessibility of the mountain (Coritico 

et al., 2017) could be a factor. The richness of ferns 
and lycophytes in Mt. Sinaka might be influenced by its 
neighboring mountain ranges like Mt. Apo in the eastern 
side and Marilog Forest Reserve in western side. More 
than 50% of the species recorded in Mt. Sinaka are also 
found in Mt. Apo Range, Marilog Forest Reserve and 
other mountain ranges in Mindanao (Amoroso et al., 
2016; Coritico et al., 2020).

Majority of the growth forms were terrestrial having 
73 species, (44.78%) – followed by epiphytes (64 spp., 
39.26%), arborescent (tree ferns) (9 spp., 5.52%), hemi-
epiphyte (2 spp., 1.22%) and lithophytic (1 sp., 0.61%) 
– and other species were observed to have more than 



The Thailand Natural History Museum Journal 15(2), 31 December 2021

PROOFS

172

one growth forms (14 spp., 8.58%) (Figure 2D). The 
growth forms showed that the ferns and lycophytes in 
the area are mostly terrestrial and epiphytes. Terrestrial 
species of pteridophytes are important part of the ground 
vegetation in many forest.  As a matter of fact, they 
composed two-thirds of the ground flora and one-third 
are epiphytes (Schuettpelz and Pryer, 2009; Dubuisson 
et al., 2009).

Species Similarity Between Sites
Barangay Salasang has the highest elevation (1609 
masl) among the three sites. An abundance of terrestrial 
and epiphytic ferns, lycophytes, bryophytes, and other 
understory plants were observed in this area. 

Barangay Tumanding is closely related to Barangay 
San Miguel with about 60% similarity of the species 
and it is attributed to the same elevational gradient and 
forest type present which is the montane rainforest. The 
low species richness observed in Barangay Tumanding 
is due to the massive illegal logging activity in the 
area. Reforestation was also evident, where Swietenia 
macrophylla King, Pterocarpus indicus Willd. and 
other trees are flourishing in the area.  On the other 
hand, Barangay San Miguel has the highest number of 
species recorded. Part of the area has unique pitcher 
plant sanctuary where different species of Nepenthes are 
found viz., Nepenthes truncata Macfarl., N. surigaoensis 
Elmer, N. mindanaoensis Sh.Kurata, N. alata Blanco. 
This barangay also organized Bantay Kalikasan or 
forest guards to protect and conserve the biological 
resources in the area. The ultramafic soil resembles that 
of Mt. Hamiguitan in Davao Oriental. Both terrestrial 
and lithophytic lycophytes (Lycopodiela cernua (L.) 
Pic. Serm. and Huperzia miniata  (Spring) Trev. were 
also recorded in the said sanctuary. However, the 
lowland forest of these three sites has been converted 
into agricultural ecosystem such as banana, palm oil, 
coffee, corn and vegetables like cabbage, but there are 
still remnants of indigenous tree and other plant species 
in these areas.

Endemism and Conservation Status
There are 13 endemic species recorded in Mt. Sinaka. 
Of these, 11 are broadly Philippine endemics and 2 
are Mindanao endemic. This is about 5% of the total 
endemic species found in the country. The broadly 
distributed Philippine endemic species are Asplenium 
apoense Copel., Alsophila fuliginosa Christ, Polystichum 
elmeri Copel., Lindsaea apoensis Copel., Aglaomorpha 
cornucopia (Copel.) M.C.Roos, Selliguea elmeri (Copel.) 
Ching, Tectaria athyriosora M.G.Price, Pronephrium 
xiphioides (Chr.) Holttum, Phlegmariurus banayanicus 

(Herter) A.R.Field & Bostock, Selaginella negrosensis 
Hieron., and Selaginella elmeri Hieron. The Mindanao 
endemic species are Lindsaea hamiguitanensis D.N. 
Karger & V.B. Amoroso and Tectaria weberi Copel.. 
L. hamiguitanensis was discovered in Mt. Hamiguitan 
Range Wildlife Sanctuary in 2012 and has recently been 
documented in Mt. Tago and Mt. Pantaron Range in 
Bukidnon, Central Mindanao (Coritico and Amoroso, 
2020) while T. weberi was previously recorded only in 
Mt. Hilong-Hilong, Butuan Province (Copeland, 1912) 
(Table 2). 

The mountain range is prone to over-collection and 
exploitation of floral resources, as a source of income 
of the settlers residing in the foot of the mountain. A 
total of 19 threatened species recorded, 7 species are 
endangered, 9 are vulnerable and 3 as other threatened 
species. The endangered species include Sphaeropteris 
glauca (Blume) R.M. Tryon, S. lepifera (J. Sm. ex Hook.) 
R.M. Tryon, Dicksonia mollis Holttum, Ophioderma 
pendula C.Presl, Lecanopteris deparioides (Cesati) 
Baker, Phlegmariurus salvinioides (Herter) Ching, 
Phlegmariurus squarrosus (G.Forst.) Á.Löve & 
D.Löve (Table 2; Figure 3). These ferns and lycophytes 
particularly the tree ferns are commonly harvested 
in Mt. Sinaka and sold along the highways going to 
Davao City for a very minimal price. Habitat destruction 
through logging, shifting cultivation, land use/land cover 
change, environmental pollution, invasive species, and 
over-exploitation of forest resources are considered the 
major threats to biodiversity (Catibog-Sinha and Heaney, 
2006; Monastersky, 2014; Coritico and Amoroso, 2020). 
Thus, it is strongly recommended that these remaining 
species will be given a high priority for protection and 
conservation. 

CONCLUSIONS

Species inventory revealed a total of 163 species of ferns 
and lycophytes belonging to 73 genera under 26 families. 
With these, 144 are ferns and 19 are lycophytes. Nineteen 
threatened species recorded, 7 species are endangered, 
9 are vulnerable and 3 as Other Threatened Species. 
Eleven species are broadly Philippine endemic while 
two Mindanao endemic species are recorded. Majority of 
the growth forms are terrestrial (44.78%) and epiphytic 
(39.26%). The status of the species found in the area 
demands an immediate protection and conservation 
in order to preserve the remaining important species. 
Continuous comprehensive inventory of the species and 
policy enactment is recommended in order to realize 
the LGU’s desire in declaring Mt. Sinaka as a critical 
habitat or a local conservation area.
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Table 2.  Conservation status of ferns and lycophytes in Mt. Sinaka, Arakan, North Cotabato. Conservation status: 
CR – critically endangered, EN – endangered, VU – vulnerable, OTS – other threatened species. Endemism: 
PE – Philippine Endemic, ME – Mindanao Endemic
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Figure 3. Some ferns and lycophytes in Mt. Sinaka, Arakan, North Cotabato. A. Phlegmariurus salvinioides, 
B. Phlegmariurus squarrosus, C. Ophioderma pendula, D. Selaginella negrosensis, E. Lindsaea apoensis, F. 
Tectaria weberi, G. Asplenium vittaeforme, H. Sphaeropteris elmeri, I. Lindsaea hamiguitanensis, J. Botrychium 
daucifolium, K. Aglaomorpha cornucopia, L. Aglaomorpha heraclea.
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