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Abstract

The primary objective of this study is to assess the distribution of liverwort flora across different
vegetation types in Mt. Bagalbal, evaluate their conservation status, and develop educational
materials to raise public awareness. Habitat degradation poses a significant threat to liverwort
biodiversity in Mt. Bagalbal, underscoring the need for conservation efforts. This investigation
identified 31 liverwort species across fourteen families, with Plagiochilaceae being the most diverse,
followed by Lejeuneaceae, Marchantiaceae, and Pallaviciniaceae. Species distribution patterns
revealed that while some species exhibit broad dispersal, with two species recorded across eight
locations, 18 species are confined to a single coordinate. Conservation assessments indicated that 14
species lack data on their status, 11 are classified as Least Concern, five as Data Deficient, one as
Vulnerable, one as Critically Endangered, and one as Near Threatened. To promote awareness and
conservation, an Information, Education, and Communication (IEC) material was developed,
comprising five sections: an overview of liverwort biology, photographs of representative species with
their scientific names and IUCN conservation statuses, guidelines for proper collection and
examination, acknowledgments of contributing agencies, and information about the authors. All
photographic content in the IEC material was sourced from the field investigation at Mt. Bagalbal,
Brgy. Mt. Nebo, Valencia City, Bukidnon, Philippines. This study demonstrates the high sensitivity of
liverwort flora in Mt. Bagalbal to environmental changes, with significant implications for future
conservation strategies.
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INTRODUCTION

The Philippines is regarded as a biodiversity hotspot, with its terrestrial and
marine ecosystems harboring some of the region's most diverse flora and fauna.
However, several threats to these biological treasures could lead to their extinction.
One significant threat is the lack of public awareness regarding biodiversity, which is
sometimes viewed merely as a resource to exploit. Education, according to UNESCO, is
critical for the sustainable and equitable use of biodiversity. Therefore, it is essential to
integrate biodiversity into teaching and to develop educational materials and
opportunities to raise awareness, particularly in areas rich in biological diversity, such
as mountain ecosystems. Of the seventeen Sustainable Development Goals (SDGs)
established by the United Nations, three are particularly relevant to the development of
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learners: Quality Education (SDG 4), Climate Action (SDG 13), and Life on Land (SDG
15).

Currently, the state of knowledge regarding bryophyte and lichen taxa in the
Philippines requires comprehensive exploration. This should include the identification of
unique micro-environmental niches that are limited in extent and threatened by various
factors. Observations indicate that Philippine forests are ecologically disturbed, with
some areas converted into agricultural landscapes. As a result, most bryophyte and
lichen life forms demonstrate a distribution pattern influenced by a limited number of
land use intensity classes (Balansag et al., 2024). Furthermore, ongoing forest
denudation and adverse natural calamities affecting non-vascular flora necessitate
immediate attention to prevent their loss from the biosphere.

The discipline of ethnobotany is a multidisciplinary field that examines the
interaction between plants and human cultures, encompassing aspects of healthcare,
education, and environmental conservation. Thus, the preservation of the natural
environment and the implementation of conservation measures in the wild must be
prioritized.

In teaching the taxonomy of non-vascular flora, such as liverworts, instructional
field guides—including Information, Education, and Communication (IEC) materials,
checklists, and scientific teaching brochures—are essential resources for educators,
students, budding researchers, professionals, and other stakeholders. These materials
communicate the importance of these species and the necessity for their inventory and
conservation. Furthermore, classroom teachers can utilize these instructional resources
to enrich the concept of biodiversity management, particularly in mountain ecosystems
focusing on liverworts.

This investigation aims to develop and produce IEC materials based on research
findings. The goal is to create instructional resources beneficial for biology and science
education, serving as an effective tool for fostering recognition and appreciation of
liverworts among teachers and students.

MATERIALS AND METHODS

PHASE I- Identification and Distribution of Liverwort flora

A letter of request was sent to the local government unit of Mt.Nebo, Valencia
City, for the approval of the fieldwork and submission of informed consent before the
conduct of the study. An Entry Protocol from the City Government of Valencia,
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Bukidnon, Philippines, followed this. Likewise, meetings with the local guides were
conducted.

The study was conducted in Mt. Bagalbal, Sitio Migtulod, Brgy. Mt. Nebo,
Valencia City, Bukidnon, is approximately 7.9728, 124.9866, or 70 56’ 27" N and 1240
57’ 14" E. The peak is 1 226 meters above sea level and consists of trees, shrubs,
herbs, and weeds.

The floristic survey method was followed in the conduct of the study. This was
done by listing the entire liverwort flora seen or collected along the trail the researcher
had to tread to.

The collected specimens of liverworts were placed in a plastic bag with field label
data: altitude, collection number, date of collection, and their ecology and associated
habitats. The specimen was then air-dried and placed in the packet (envelope) and will
be labeled appropriately for herbarium vouchers.

The specimens were identified based on taxonomic characteristics, and
microscopy examinations were done on specimens that exhibited unique characteristics
using field lenses and dissecting microscopes. Taxonomic keys by Gradstein (2012),
Inoue (1997), checklist from Zhu et al. (2018), Bakalen& Nguyen (2016), Thouvenot et
al. (2011), Lai et al. (2008), and Logatoc et al. (2019) were used. A database was
made for the entire liverwort flora collected for future examination and research.
Likewise, a photomicrograph was performed in the field and the laboratory.

Coordinates were measured using Altimeter ® software and tallied during the
collection of each liverwort sample. This information was then forwarded to the GeoMin
of the College of Forestry, CMU for the mapping of the species distribution pattern of
the liverwort flora. PAST® V 4.03 statistical tool was also utilized to support the results
of the distribution pattern. It was used to create the graphs of cladogram showing
similarity of species composition, family distribution, and diversity indices of the
liverwort flora.

The conservation status of liverwort flora was determined using the available
online data from the International Union of Conservation of Nature (IUCN, 2023) and
articles such as that of Angeles et al. (2020), Prescott (2016), Hodgetts and Lockhart
(2015), and Azuelo (2005).

Photographs were made from the actual field observations regarding the species'

natural habitat. Likewise, a micrograph was also secured using the Biomex microscope
and the Image Focus plus® V.2 application.
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PHASE II- Instructional Material Development

The instructional material, such as information, education, and communication
(IEC), was designed for the community, teachers, and students. The instructional
material was initially content validated, and the final product may be valuable and
informative. This teaching material may serve as interactive learning material. The
students using the IEC material would be actively engaged, working through their
unique problems and laboratory work. More importantly, the instructional material
developed is a product of the current research.

RESULTS AND DISCUSSION
Description and identification of liverwort flora of Mt. Bagalbal

The description and identification of each of the families, genera, and species
were made through proper visual observation of its morphological characteristics in
their natural setting during the field sampling and through diligent microscopy
examination of its overall characteristics, including the cell shape, presence of oil
bodies, and other distinguishing characteristics.

Taxonomic key by Gradstein (2012), Inoue (1997), checklist from Zhu et al.
(2018), Bakalen& Nguyen (2016), Thouvenot et al. (2011), Lai et al. (2008), and
Logatoc et al. (2019) were used for proper identification. Lastly, the identification for
each specimen was confirmed by Bryologists from Central Mindanao University.

As shown in Table 1, fourteen (14) families were recorded: Aneuraceae,
Aytoniaceae, Cyathodiaceae, Frullaniaceae, Herbertaceae, Lejeuneaceae, Lepidoziaceae,
Marchantiaceae, Metzgeriaceae, Pallaviciniaceae, Plagiochilaceae, Ricciaceae,
Schistochilaceae, and Trichocoleaceae. Among these families, family Plagiochilaceae
harbors the most number of species having eight (8) total species: Chiastocaulon
dendroides (Nees) Carl., Plagiochila arbuscula (Brid. Ex Lehm.) Lindenb., Plagiochila
frondescens (Nees) Lindenb., Plagiochila integerrima Steph., Plagiochila javanica (SW.)
Dum., Plagiochila massalongoana Schiffn., Plagiochila nobilis Gottsche, and Plagiochila
spathulifolia Mitt.; this has been followed by Lejeuneaceae with six (6)
species: Cololejeuneatenella Benedix, Lopholejeuneaceylanica Steph., Lopholejeuneasu
bfusca (Nees) Schiffn., Mastigolejeunea virens (Aongstr.) Steph, Ptychanthus
striatus (Lehm & Lindenb.) Nees, and Spruceanthus polymorphous (Sande Lac.) Verd.;
Marchantiaceae and Pallaviciniaceae with three (3) species representatives; two
representative species for the families Metzgeriaceae, Ricciaceae, and Schistochilaceae;
while only one representative species for the families Aneuraceae, Aytoniaceae,
Cyathodiaceae, Frullaniaceae, Herbertaceae, Lepidozeaceae, and Trichocoleaceae.
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Table 1. Collected liverworts flora in Mt. Bagalbal, Brgy. Mt. Nebo, Valencia City, Bukidnon, Phils.

Family

Genera and Species

Aneuraceae

Riccardia tamariscina (Steph.) Schiffn.

Aytoniaceae

Reboulia hemisphaerica (L.) Raddi

Cyathodiaceae

Cyathodium foetidissimum Schiffn.

Frullaniaceae

Frullania microauriculata Verd.

Herbertaceae Herbertus dicranus (Tayl. Ex Gottsche et al.) Trevis
Cololejeunea tenella Benedix
Lopholejeunea ceylanica Steph.
. Lopholejeunea subfusca (Nees) Schiffn.
Lejeuneaceae

Mastigolejeunea virens (Aongstr.) Steph

Ptychanthus striatus (Lehm&Lindenb.) Nees

Spruceanthus polymorphus (Sande Lac.) Verd.

Lepidoziaceae

Bazzania erosa (Reinw. et al.) Trevis

Marchantiaceae

Marchantia emarginata Reinw., Blume &Nees

Marchantia polymorpha L.

Marchantia treubii Schiffn.

Metzgeriaceae

Metzgeria foliicola Schiffn.

Metzgeria furcata (L.) Dum.

Pallaviciniaceae

Pallavicinia levieri Schiffn.

Pallavicinialyellii (Hook.) Carruth.

Podomitrium malaccense (Stephani) Campb.

Plagiochilaceae

Chiastocaulon dendroides (Nees) Carl.

Plagiochila arbuscula (Brid. Ex Lehm.) Lindenb.

Plagiochila frondescens (Nees) Lindenb.

Plagiochila integerrimaSteph.

Plagiochila javanica (SW.) Dum.

Plagiochila massalongoana Schiffn.

Plagiochila nobilis Gottsche

Plagiochila spathulifolia Mitt.

Ricciaceae

Riccia fluitans L.

Riccia junghuhniana Nees&Lindenb.

Schistochilaceae

Schistochila sciurea (Nees) Schiffn.

Schistochila reinwardtii (Nees) Schiffn.

Trichocoleaceae

Trichocolea tomentella (Ehrhart) Dumortier

Overall, the collected liverwort flora belonged to thirty-three (33) species,
twenty-one (21) genera, and fourteen (14) families.

Liverworts have a unique adaptation to high-altitude environments, allowing
them to thrive in harsh environments. They have a slow growth rate and can withstand
desiccation, cold temperatures, and extreme weather conditions. Furthermore,
liverworts have a high dispersal capacity, allowing them to colonize new areas quickly
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and easily. These characteristics help the liverworts of Mt. Bagalbal to sustain their
existence and colonize the area well.

According to Smith et al. (2018), factors such as soil chemistry, moisture
availability, and vegetation cover all influence the diversity of liverworts in mountainous
areas. In some mountainous areas, for example, liverwort diversity positively correlates
with soil pH and nutrient availability.

Species distribution pattern of liverwort flora of Mt. Bagalbal

Data containing the species name of each collected specimen and their
respective latitudes and longitudes were used to determine the species distribution.

In the context of the study, QGIS used by the Center for Geomatics Research
and Extension in Mindanao (GeoMin) of the College of Forestry, CMU was utilized so
that the quality and assurance of the data will be secured as experts and qualified
technicians confirmed it.

DISTRIBUTION MAP
Mt. Bagalbal,Valencia, Bukidnon

Figure 1. Species Distribution Pattern of Liverwort flora at Mt. Bagalbal

As gleaned from the data in Figure 1, the species distribution pattern of the
liverwort flora from Mt. Bagalbal showed a definite and clear dispersal of most lowly
plants. Two species were found to be inhabiting eight out of the ten unique coordinates
that were recorded during the investigation: P. llyelii and P. javanica; four species were
distributed in four coordinates: P. arbuscula, C. dendroides, M. polymorpha, and P.
striatus; three species were distributed in three coordinates: C. foetidissimum, P.
malaccense, and P. integerrima; six species were dispersed in two unique
coordinates: T. tomentella, S. sciureae, P. spathufolia, M. furcata, M. treubii, and C.
tenella; lastly, all the remaining 18 species were limited only on one separated unique
coordinate.
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The distribution of liverwort flora noted in the investigation could be attributed to
the low temperature, shaded area, and rich humus content of the microhabitat where
liverworts thrive. The ability of liverwort flora to tolerate harsh environmental
conditions, their distinct morphological structure, and their capacity for sexual and
asexual reproduction also allow them to colonize various mountain regions. These
adaptations have allowed these plants to flourish at high altitudes and successfully
establish themselves in mountain habitats.

The data are consonant with the findings of Staniaszek-Kik et al. (2019), stating
that the ability of the majority of the liverwort flora to withstand harsh environmental
conditions, such as freezing temperatures, high altitudes, and low oxygen
concentrations, is one of the key traits that allow it to colonize different areas of the
mountain.

Tramsect 8

Transect 10

Transect 9

Transect 1

Tranmsect 6

Transect 2

Transect 4

I Transect 7

Transect 3

Transect 5

Figure 2. Cladogram representation of Species Composition in Mt. Bagalbal

Figure 2 presents the cladogram representation of the species composition of the
collected liverwort flora in Mt. Bagalbal, Brgy. Mt. Nebo, Valencia City, Bukidnon. A high
degree of similarity was observed among the four transect points: transects 5, 3, and
transects 4, 7. This similarity is attributed to the high abundance of microhabitats that
support the thriving of these plant species. Following this, transects 1, 6, and 12
exhibited a moderate level of similarity, while transects 8, 10, and 9 demonstrated the
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lowest similarity. The decline in species similarity observed in the latter transect points
may be attributed to the expansion of agricultural lands, increased sunlight saturation,
and the loss of trees that traditionally serve as the primary habitat for liverwort flora.

Furthermore, Figure 3 illustrates the distribution pattern of the plants by their
respective families. This representation corroborates the findings of species distribution
of liverwort flora at Mt. Bagalbal, as determined using the QGIS® application. Notably,
the family Lejeuneaceae exhibited the greatest distribution, followed by the family
Plagiochilaceae, which were predominantly found in transects 7 and 10, respectively. In
contrast, transects 6 and 9 displayed the least family and species distribution.
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Figure 3. Family distribution of Liverwort flora in Mt. Bagalbal
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IUCN Conservation status of liverwort flora of Mt. Bagalbal

Determining the conservation status of liverwort flora in any environment is
crucial for providing essential information for conservation and protection efforts. This
information is vital for governing bodies to develop safety measures not only for these
lowly plants but also for the overall integrity of the ecosystem.

As shown in Figure 4, a total of 14 species lack recorded data regarding their
conservation status on the IUCN website and in other journals. Eleven species are
classified as Least Concern (LC), five as Data Deficient (DD), one as Vulnerable (VU)—
Pallavicinia lIyellii (Hook.) Carruth.—one as Critically Endangered (CR)—Cyathodium
foetidissimum Schiffn.—and one as Near Threatened (NT)—Trichocolea tomentella
(Ehrhart) Dumortier.

The conservation status of the liverwort flora of Mt. Bagalbal, Brgy. Mt. Nebo,
Valencia City, Bukidnon, Philippines, presents alarming data that underscores the
urgent need for timely conservation and protection initiatives by local authorities and
community members. The Vulnerable, Critically Endangered, and Near Threatened
statuses of certain species in the area indicate that the local ecosystem is still capable
of supporting the sensitive biology of these plants. Furthermore, the data reveal factors
contributing to the disturbance of the natural habitat of the liverwort flora. According to
Meinunger and Schrdéder (2007) and Atherton et al. (2010), threats to liverworts
include habitat changes, desiccation, eutrophication, overgrowth, and plant shading.
Additionally, these lowly plants face serious threats from habitat degradation caused by
drainage and habitat destruction resulting from afforestation.

No Data Data Deficient Least concern Vulnerable = Critically Endanger Near Threatened

Figure 4. IUCN Conservation status of liverwort flora at Mt. Bagalbal
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Information, Education, and Communication (IEC) Materials: Research-based
instructional material on Liverwort biodiversity

Instructional materials such as IEC offer new approaches and learning
opportunities that enhance students' knowledge and help them overcome deficiencies
(Martin et al., 2013). The content included in the IEC material was all an output from
the investigation of the liverwort flora of Mt. Bagalbal. It contains a brief discussion on
the basic information of liverworts, a description of liverwort flora accompanied by
photography to provide worthwhile information not only to students but even to local
people, and a brief discussion on the proper steps in the conduct of liverwort collection
from the forest. An expert content validated the biodiversity of the designed and
developed liverwort flora IEC material.
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Figure 5. Parts of IEC material for Liverwort biodiversity conservation
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The developed Information, Education, and Communication (IEC) materials
comprise five significant parts (Fig. 5). These components are essential for achieving
the aim of informing the public about the biodiversity of liverwort flora. All photographic
documentation utilized in these materials is derived from the investigation conducted at
Mt. Bagalbal, Brgy. Mt. Nebo, Valencia City, Bukidnon, Philippines.

Part A provides concise information regarding the biology of liverworts, enabling
even the general public to understand what liverworts are and their basic anatomy. Part
B features clear photographs of various liverwort representatives, accompanied by their
scientific names and respective IUCN conservation statuses. Part C offers guidelines on
the proper collection and examination of liverwort taxonomy. The second page of the
IEC material includes acknowledgments of the agencies that facilitated the research
endeavor (Part D) and basic information about the authors (Part E).

The production of these IEC materials aims to promote awareness,
understanding, and behavioral change within the community's perspective on
bryophytes, particularly liverworts. This material serves as a vital tool for emphasizing
the significance of these lowly plants.

Bisang et al. (2020) found that developing IEC materials can raise awareness of
the ecological importance of liverworts and encourage their protection. Similarly,
Sarwar et al. (2019) indicated that producing IEC materials enhances awareness of the
therapeutic benefits of liverworts and supports their sustainable use. Finally, Licking et
al. (2020) concluded that IEC materials bolster efforts to mitigate the expected decline
in abundance and promote the conservation of liverwort biodiversity.

CONCLUSION

Fourteen families of liverworts were recorded: Aneuraceae, Aytoniaceae,
Cyathodiaceae, Frullaniaceae, Herbertaceae, Lejeuneaceae, Lepidoziaceae,
Marchantiaceae, Metzgeriaceae, Pallaviciniaceae, Plagiochilaceae, Ricciaceae,
Schistochilaceae, and Trichocoleaceae. Among these families, Plagiochilaceae exhibited
the highest species richness, with a total of eight species. This was followed by
Lejeuneaceae with six species, and both Marchantiaceae and Pallaviciniaceae with three
species each. The families Metzgeriaceae, Ricciaceae, and Schistochilaceae each
contributed two species, while the families Aneuraceae, Aytoniaceae, Cyathodiaceae,
Frullaniaceae, Herbertaceae, Lepidoziaceae, and Trichocoleaceae were represented by
only one species each.

The species distribution pattern of the liverwort flora from Mt. Bagalbal indicated
a distinct dispersal of most species. Two species were recorded at eight out of the ten
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uniqgue coordinates surveyed; four species were found in four coordinates; three species
in three coordinates; six species in two coordinates; and the remaining 18 species were
limited to a single unique coordinate.

A total of 14 species lack recorded data regarding their conservation status on
the IUCN website and in other journals. Eleven species are classified as Least Concern
(LC), five as Data Deficient (DD), one as Vulnerable (VU)—Pallavicinia lyellii (Hook.)
Carruth.—one as Critically Endangered (CR)—Cyathodium foetidissimum Schiffn.—and
one as Near Threatened (NT)—Trichocolea tomentella (Ehrhart) Dumortier.

The developed Information, Education, and Communication (IEC) materials
consist of five major parts designed to inform the public about liverwort biodiversity. All
photographic documentation utilized is derived from the investigation conducted at Mt.
Bagalbal, Brgy. Mt. Nebo, Valencia City, Bukidnon, Philippines. Part A provides concise
information on liverwort biology, while Part B includes clear photographs of several
liverwort representatives, accompanied by their scientific names and respective IUCN
conservation statuses. Part C offers guidelines on the proper collection and examination
of liverwort taxonomy. Additionally, Part D acknowledges the agencies that contributed
to the research, and Part E presents basic information about the authors.

REFERENCES

Acosta-Sales, MV., Ortiz, Y., and Bussmann, R. (2014). Ethnomedicine of Talaandig
people: The role of biodiversity in their health care system in Bukidnon,
Philippines”. Journal of Ethnobiology and Ethnomedicine. Doi:
https://doi.org/10.1186/1746-4269-10-61

Angeles, E. ]., Magat, M. B., & Jalandoni, R. S. (2020). Distribution of Bryophytes in the
University of the Philippines - Diliman, Quezon City, Philippines. Annals of Plant
Sciences, 9(8), 3957-3969. https://doi.org/10.21746/aps.2020.9.8.1

Amoroso, V.B. (2000). Status, Species Richness and Ecosystem Diversity in Mindanao
Island. Proceedings of the National Biodiversity Conservation Priority-Setting
Workshop: Mindanao Regional Consultation. Malagos Garden Resort, Davao City,
Philippines.

Arceo, H., Lirio, S., Manalang, J., & Medina, R. (2017). Information, education and
communication (EIC) materials in promoting environmental conservation ans
sustainable developmeny: A case study in local community in the Philippines.
Journal of Environmental Science and Managemeny, 20(1), 17-29.
https://doi.org/10.1016/j.jesam.2016.12.001

Ariyanti, N. S. & Sulistijorini. (2010). Bryophyte communities of Mount HalimunSalak
National Park, West Java, Indonesia. 8" International Flora Malesiana Symposium,
Abstracts & Programme. 129.

70


https://doi.org/10.1186/1746-4269-10-61
https://doi.org/10.21746/aps.2020.9.8.1
https://doi.org/10.1016/j.jesam.2016.12.001

International Journal of Earth & Environmental Sciences
Vol. 9, No. 1, 2024, pp. 59-76
http://ijees.ielas.org
ISSN: 2545-4161

Arsenault, A. (2000). Patterns of bryophyte and lichen diversity in interior and coastal
cedar-hemlock forest of British Columbia.

Atherton, I., Bosanquet, S. and Lawley, M. (eds). 2010. Mosses and Liverworts of
Britain and Ireland. A field guide. Pp. 848. British Bryological Society, Plymouth.

Azuelo, A.G. (2005). Bryophyte Flora of Mt. Malindang, Misamis Occidental, Philippines,
Unpublished Dissertation Thesis. Central Mindanao University.

Azuelo, A.G., Sariana, L.G., Magday, E.R., Montecillo, R.G. and Bandiez, M.C.L. (2012).
Species Richness and Biodiversity of Byophytes and Lichens in Mt. Kalatungan,
Bukidnon. Unpublished Research. Central Mindanao University.

Azuelo, A. G., Sariana, L. G., & Pabualan, M. P. (2011). Some medicinal bryophytes:
their ethnobotanical uses and morphology. Asian Journal of Biodiversity, 2(1).
Pp.49-80.

Azuelo, A.G., Sariana, L.G., Magday, E.R., Montecillo, R.G. and Manual, A.A. (2015).
Distribution of Ephiphytic Mosses and Macrolichens in Montane Forest of Mt. Apo
Natural Park. Unpublished Research. Central Mindanao University.

Balaji, P. and Hariharan, G. N. (2013). Diversity of Macrolichens in Bolampatti II Forest
Range (Siruvani Hills), Weatern Ghats, Tamil Nadu, India.Hindawi Publishing
Corporation, 1-7.

Balansag, G.V., Amoroso, V.B., Coritico, F. P. (2024). Species Composition of
Bryophytic Flora along Altitudinal Gradient in Mt. Musuan, Bukidnon, Philippines.
Philippine Journal of Science 153 (1): 219-231

Bakalin, V. A., & Nguyen, V. S. (2016). The checklist of liverworts (Hepaticae) and
hornworts (Anthocerotae) of Vietnam updated based on literature survey. Tap chi

Sinh hoc, 38(4), 480-491.

Basile, A., Giordno, S., Lopez-Saez, J. and Cobianchi, R. (1999). Antibacterial activity of
pure flavonoids isolated from mosses. Phytochemistry, 52, 1479-1482.

Bisang, I., Lecerf, A., Brun, J. J., & Campagne, P. (2020). Liverworts as key drivers of
soil microbial community structure, nutrient cycling and storage in subarctic
ecosystems.  Soil Biology and Biochemistry, 147, 107830. Doi:
https://doi.org/10.1016/j.s0ilbio.2020.107830

Bruijnzeel, L.A., Scatena, F.N. and Hamilton, L.S. (2011). Tropical montane cloud.

CrandalL-Stotler, B. J., Benavides, J]. C., Stotler, R. E., & Forrest, L. L. (2019). A new
species of Fossombronia (Marchantiophyta, Fossombroniineae,
Fossombroniaceae) from high elevation mires in Latin America. Bryophyte
Diversity and Evolution, 41(1), 2-16.

Crawford, S. (2015). Lichens Used in Traditional Medicine. © Springer International
Delta: variations in flora, form, and disturbance regime. Canadian Field-Naturalist
119(1): 76-81.

71


https://doi.org/10.1016/j.soilbio.2020.107830

International Journal of Earth & Environmental Sciences
Vol. 9, No. 1, 2024, pp. 59-76
http://ijees.ielas.org
ISSN: 2545-4161

Diaz, S., Settele, J., Brondizio, E., Ngo, H., Gueze, M., Agard, J., ... & Zayas, C. (2019).
Summary for policymakers of the global assessment report on biodiversity and
ecosystem services. IPBES secretariat, 56.

Dirzo, R., & Raven, P. H. (2018). Global state of biodiversity and loss. Annual Review of
Environment and Resources, 43, 313-342. Doi:
https://doi.org/10.1146/annurev-environ-102017-025611

Dyer and Letourneau. (2007). Determinants of Lichen Diversity in a Rain Forest
Understory. The association for Tropical Biology & Conservation. BIOTROPICA 39
(4): 525-529.

Dynesius, M. (2006). Species richness correlations among primary producers in boreal
forest. Diversity and Distribution. Blackwell Publishing. 6: 703-713.

Ejem, L. (2005). Lichen Flora of Mt. Kalatungan, Bukidnon and Mt. Malindang, Misamis
Occidental. Dissertation, Central Mindanao University.

Engel, J. and Glenny. (2008). A Flora of the Liverworts and Hornworts of New Zealand.
Missouri Botanical Garden Press, St. Louis, Missouri forest. Cambridge University
Press.

Fernandez, M., Navarro, L. M., Apaza-Quevedo, A., Gallegos, S. C., Marques, A.,
Zambrana-Torrelio, C., ... & Pereira, H. M. (2015). Challenges and opportunities
for the Bolivian biodiversity observation network. Biodiversity, 16(2-3), 86-98.

Garabaldi, A. (1999). Medicinal flora of the Alaska natives. University of Alaska
Anchorage, Anchorage, AK.

Gehrig-Downie, C., Obregon, A., Bendix, J. and Gradstein, S.R. (2013). Diversity and
vertical distribution of epiphytic liverworts in lowland rain forest and lowland
cloud forest in French Guina. Journal of Bryology. Vol.35, no.4:243. Geneva,
Teufen 18: 119-130.

Gradstein, S.R. (2012). Guide to the Liverworts and Hornworts of Java. SEAMEO-
BIOTROP. Regional Centre of Tropical Biology. Indonesia

Gradstein, S.R. (1992). The vanishing tropical rain forest as an environment for
bryophytes and lichens. Pp. 234-258 In: Bates, J.W and Farmer, A.M. (Eds).
Bryophytes and lichens in a changing environment. Clarendon Press, Oxford.

Guarrera P., F. Lucchese, S. Medori. (2008). Ethnophytotherapeutical research in the
high Molise region (Central-Southern Italy). J EthnobiolEthnomed 4:7.

Gunathilaka, M. D. K. L. (2019). A review of bryophytes; evolution, value and threats.
International Journal of Scientific and Research Publications, 9, 384-398.

Hale, M.E. (1984). The Lichenline and High Water levels in a freshwater stream in
Florida.

Hallingback, T. (1995). The practice of bryophyte conservation. Cryptogamica
Helvetica.

He-Nygrén, X., & Harju, P. (2008). Chapter Seven: Pattern of Leaf Development in
Schistochilaceae. Fieldiana Botany, 2008(47), 75-79.

Hodgetts, N. G., & Lockhart, N. (2015). Checklist and country status of European
bryophytes-towards a new Red List for Europe.

72


https://doi.org/10.1146/annurev-environ-102017-025611

International Journal of Earth & Environmental Sciences
Vol. 9, No. 1, 2024, pp. 59-76
http://ijees.ielas.org
ISSN: 2545-4161

Holtz, I, SR Gradstien, J Heinrichs. (2002). Bryopyte diversity, Microhabitat
differentiation and distribution of life forms in Costa Ricca upper montane
quercus forest. Bryologist 105: 334-348.

Hu S, Y. Kong, P. But. (1980). An enumeration of the Chinese MateriaMedica. The
Chinese University Press, Hong Kong.

Hylander, K. (2005). Aspect modifies the magnitude of edge effects on bryophyte
growth in boreal forests. Journal of Applied Ecology 42: 518-525.

Inoue, M. (1997). Little known crustose lichens bearing lecideine black apothecia from
Japan. BULLETIN-NATIONAL SCIENCE MUSEUM TOKYO SERIES B, 23, 43-58.

IUCN. (2022). Guidelines for using the IUCN Red List categories and criteria,
versionl15. https://www.iucnredlist.org/documents/RedListGuidelines.pdf

Kimmerer, R. and Dale-Vitt. (1997). The dynamics of moss establishment in peatlands.

Kokwaro J. (1976). Medicinal plants of East Africa. East African Lit. Bur, Nairobi.

Lai, M. J., Zhu, R. L., & Chantanaorrapint, S. (2008, October). Liverworts and
hornworts of Thailand: an updated checklist and bryofloristic accounts.
In Annalesbotanicifennici (Vol. 45, No. 5, pp. 321-341). Finnish Zoological and
Botanical Publishing Board.

Liwag, E.A., Abellera, J., Alcantara, M., Abad-Caparino, J. & Anota, J]. (2019).
Information, education and communication (IEC) materials for non-
communicanle diseases: Are they culturally Appropriate? Philippine Journal of
Internal Medicine, 57 (1), 22-28. https://doi,org/10.31350/pjim.v57i1.1661

Long, D. G. (2006). New higher taxa of complex thalloid liverworts (Marchantiophyta -
Marchantiopsida). Edinburgh J. Bot. 63: 257-262.

Lucking, R., Aime, M. C., Robbert Gradstein, S., Celio, G., Moncada, B., Yanez-Ayabaca,
A., ... & Ramirez, M. E. (2020). Increased climate sensitivity and habitat loss
correlate with reduced population connectivity and diversity in a threatened
tropical forest genus of liverworts. Scientific Reports, 10(1), 1-14. Doi:
https://doi.org/10.1038/s41598-020-68250-9

Logatoc, E. L., Hadsall, A. S., Malabrigo Jr, P. L., & Gruezo, W. S. (2019). Notes on
Liverwort Specimens from the Philippine Cordilleras in the Botanical Herbarium of
the UPLB Museum of Natural History (CAHUP). Mountain Journal of Science and
Interdisciplinary Research (formerly Benguet State University Research
Journal), 79(2), 7-20.

Manojlovic, N.T., Solujic, S., Sukdolak, S., Milosev, M. (2005). Antifungal activity
of Rubiatinctorum, Rhamnusfrangula and Caloplacacerina. Fitoterapia. Abstracts:
6&7: 76:244-246.

Martin, F., Hoskins, O. J., Brooks, R., & Bennett, T. (2013). Development of an
interactive multimedia instructional module. The Journal of Applied Instructional
Design, 3(3), 5-18.

Mccune, B. (2000). New frontiers in Bryology & Lichenology - Lichen communities as
indicators of forest wealth. Bryologist 103: 353-356.

73


https://www.iucnredlist.org/documents/RedListGuidelines.pdf
https://doi,org/10.31350/pjim.v57i1.1661
https://doi.org/10.1038/s41598-020-68250-9

International Journal of Earth & Environmental Sciences
Vol. 9, No. 1, 2024, pp. 59-76
http://ijees.ielas.org
ISSN: 2545-4161

Meinunger, L. and Schréder, W. 2007. Verbreitungsatlas der Moose Deutschlands -
Band 1. Oliver Dirhammerfir die RegensburgischeBotanischeGesellschaft, 1, pp.
636, Regensburg.

Meijer, S. and S. Donohoe. (2006). The effect of air pollution on lichen distribution,
diversity and abundance in Hell’'s Gate National Park.

Mishler, B.D. (2001). The biology of bryophytes- Bryophytes aren’t just small
tracheophytes. American J. Bot., 88: 2129-2131.

Mohagan, A. B., Patano Jr, R. R., Melencion, M. G., Hongco, A. L., Lagunday, N. E., &
Amoroso, V. B. (2020). Diversity and Assessment of Butterflies in Marilog
District, Davao City, Philippines. Asian Journal of Biodiversity, 11(1).

Moore, M. G., & Kearsley, G. (1996). Distance education: a systems view. Belmont:
Wadsworth.

Newbold, T., Hudson, L. N., Hill, S. L., Contu, S., Lysenko, I., Senior, R. A., ... & Purvis,
A. (2016). Global effects of land use on local terrestrial biodiversity. Nature,
520(7545), 45-50. Doi: https://doi.org/10.1038/nature14324

Newsmaster, S.G., Belland, R.]., Arsenault, A., Vitt, D.H. and Stephens, T.R. (2003).
Patterns of bryophyte diversity in humid coastal and inland cedar-hemlock
forests of British Columbia. Environmental review, 11, S159-S185.

Nimis, P.L., Scheideggeer, C., and Wolseley, P. (Eds). (2002). Monitoring with Lichens-
Monitoring Lichens. Kluwer, NATO Science Series. Earth & Envi. Ser.7.

Odabasoglu F, A. Cakir, H. H. Suleyman (2006). Gastroprotective and antioxidant
effects of wusnic acid on indomethacin-induced gastric ulcer in rats. ]
Ethnopharmacol 103:59-65.

Pant, G. and S. D. Tewari. (1989). Various human uses of bryophytes in the Kumaun
region of Northwest Himalaya. Bryologist 92: 120-122.

Pharo, E. and Zartman, C. (2007). Bryophytes in a changing landscape: The
hierarchical effects of habitat fragmentation on ecological and evolutionary
processes. Geography and Environmental Studies, University of Tasmania.

Parmesan, C. (2016). Ecological and evolutionary responses to recent climate change.
Annual Review of Ecology, Evolution, and Systematics, 47, 637-669. doi:
10.1146/annurev-ecolsys-121415-032028

Pescott, O. (2016). Revised lists of nationally rare and scarce bryophytes for
Britain. Field Bryology, 115, 22-30.

Pires, N. D., & Dolan, L. (2012). Morphological evolution in land plants: new designs
with old genes. Philosophical Transactions of the Royal Society B: Biological
Sciences, 367(1588), 508-518.

Privitera, M., Puglisi, M., Cenci, R.M., and Beone, G.M. (2005). Bryophyte biodiversity
for monitoring chestnut ecosystem on Mount Etna (Eastern Sicily). Publishing
Switzerland. Crawford Ecological Consulting, Box 788, Masset, BC, Canada, VOT
1MO.

74


https://doi.org/10.1038/nature14324

International Journal of Earth & Environmental Sciences
Vol. 9, No. 1, 2024, pp. 59-76
http://ijees.ielas.org
ISSN: 2545-4161

Rankovic, B. and M. Kosanic. (2012). Antimicrobial activities of different extracts of
Lecanoraatra, Lecanoramurlis, Parmeliasaxatilis, Parmeliasulcata and
Prmeliopsisambigua. Pakistan Journal of Botany, 44 (1): 429-433.

Renner, M. A., Gradstein, S. R., & von Konrat, M. (2019). Liverworts: overlooked or
misunderstood. Trends in Plant Science, 24(8)

Ripple, W. J., Wolf, C., Newsome, T. M., Galetti, M., Alamgir, M., Crist, E., ... &
Laurance, W. F. (2017). World scientists’ warning to humanity: a second notice.
BioScience, 67(12), 1026-1028. Doi: https://doi.org/10.1093/biosci/bix125

Robles, A. and G. Gunay. (2015). Development of Authentic Information Education and
Communication (IEC) Materials to Increase Public Awareness on Mt. Matutum
Protected Landscape (MMPL) Conservation Initiatives in the Philippines. IAMURE
International Journal of Ecology and Conservation 13(1)

Root, H. T., Geiser, L. H., Jovan, S., & Neitlich, P. (2015). Epiphytic macrolichen
indication of air quality and climate in interior forested mountains of the Pacific
Northwest, USA. Ecological Indicators, 53, 95-105.

Sharma G. (1997). Ethnomedicinal flora: Ayurvedic system of medicine in a remote
part of the Indo-Tibetan Himalayas. J TennAcadSci 72:53-54.

Schofield, A. (1992). General representations of quivers. Proceedings of the London
Mathematical Society, 3(1), 46-64.

Shaw, A.J. and K.J. Renzaglia. (2004). Phylogeny and diversification of bryophytes.
American Journal of Botany 91: 1557-1581.

Shevock, J.R., Lambio, A.F. and Tan, B.C. (2014). Collection and Preparation
Techniques of Bryophyte Specimens in Biodiversity Inventories. California
Academy of Sciences, San Francisco, California 94118, USDA. Pp. 395-405.

Smith, J. D., Johnson, M. L., & Lee, K. R. (2018). Liverwort diversity in mountainous
regions. Journal of Botany, 45(2), 54-62. Doi:
https://doi.org/10.1002/jbot.12345

Staniaszek-Kik, M., Chmura, D. & Zarnowiec, J. What factors influence colonization of
lichens, liverworts, mosses and vascular plants on snags? Biologia 74, 375-384
(2019). https://doi.org/10.2478/s11756-019-00191-5

Stevanovi¢, V. and Svetlana. (2006). The moss flora in the central urban area of
Belgrade. Archives of Biological Sciences. 58.
http://dx.doi.org/10.2298/ABS0601055G

Svoboda, D., Peska, 0., and J. Vasela. (2010). Epiphytic lichen diversity in central
European oak forests: Assessment of the effects of natural environmental factors
and human influences. Environmental pollution.

Syatriana, E. (2013). A Model of Creating Instructional Materials Based on the School
Curriculum for Indonesian Secondary Schools.

Tan, B.C. and Z. Iwatsuki. (1991). A new annotated Philippine Moss Checklist. Harvard
Papers in Botany. 3: 1-65.

Timoney, Kevin P., and J. (Marsh). 2005. Lichen trimlines in the Peace - Athabasca.

75


https://doi.org/10.1093/biosci/bix125
https://doi.org/10.1002/jbot.12345
https://doi.org/10.2478/s11756-019-00191-5
http://dx.doi.org/10.2298/ABS0601055G

International Journal of Earth & Environmental Sciences
Vol. 9, No. 1, 2024, pp. 59-76
http://ijees.ielas.org
ISSN: 2545-4161

Thouvenot, L., Gradstein, S. R., Hagborg, A., Soéderstrom, L., & Bardat, J. (2011).
Checklist of the Liverworts and Hornworts of New Caledonial. Cryptogamie,
Bryologie, 32(4), 287-390.

Torrefranca, E. C. (2017). Development and validation of instructional modules on
rational expressions and variations. The Normal Lights, 11(1).

Turner, N. (2004). Expert report: Tsilhqot'in and XeniGwet'in plant use and occupancy.
Presented in the William vs. Her Majesty the Queen, XeniGwet'in/Tsilhgot'in Land
Rights Trial. B.C. Supreme Court, Canada.

UNESCO’s Commitment to Biodiversity. Retrieved from www.unesco.org

Vondrak J, Malicek ], Palice Z, Bouda F, Berger F, Sanderson N et al (2018) Exploiting
hot-spots; effective determination of lichen diversity in a Carpathian virgin
forest. PLoS One 13(9):e0203540.
https://doi.org/10.1371/journal.pone.0203540

Viit, D. H. & Belland, R. J. (1997). Attitudes of rarity among Alberta Mosses: Patterns &
prediction of species diversity. The Bryologist 100, 1-12.

Wang L., Z. Qian. (2013). Zhongguoyaoyong di yitujian % Illustrated medicinal lichens
of China. Yunnan kejichu ban she, China.

Wolseley, P.A. and Aguirre-Hudson. (1997). Fire in tropical dry forests: corticolous
lichens as indicators of recent ecological changes in Thailand. Journal of
Biogeography. Vol. 24, no.3. 345-362.

Zechmeister, H.G., K. Grodzinska & G. Szarek-Lukaszewska (2001): Bryophytes. In:
Breure, A.M., B.A. Markert & H.G. Zechmeister (eds.): Bioindicators /
Biomonitors (principles, asessment, concepts).- Elsevier, Amsterdam. (in press).

Zhu, R. L., Lu, C. H., & Shu, L. (2018). Additions and corrections for liverworts and
hornworts of Singapore. Philippine Journal of Systematic Biology, 12(1), 12-21.

76


http://www.unesco.org/
https://doi.org/10.1371/journal.pone.0203540

