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Abstract

The present study was conducted to assess as well as monitor the status of macro-basidiomycetes in terms of
species richness, abundance and distribution at Cagayan State University Lal-lo. It sought to profile the macro-
basidiomycetes and looked into the ecological factors affecting their density and distribution. The study
employed the Descriptive Classification Survey (Colmerin) design and quadrant method in field sampling.
Opportunistic method for macro-basidiomycetes sampling was also used during the survey on the months of July
to October 2017. Field sampling of macro-basidiomycetes resulted to the identification of five orders, 17 genera
and 20 species with a total of 34 individuals. Majority of the basidiomycetes belonged to Order Polyporales. One
species, a wood decay macrofungus, remained unidentified. Results showed that Schizophyllum commune (Fr.)
(a) has the highest population density, while Ganoderma pfeifferi (Bres) has the lowest. In terms of population
distribution, only six species were most distributed, and five species, including the unknown species, were least
distributed. Correlation analysis showed that amount of rainfall, soil moisture and air moisture had positive
effects on the density and distribution of some macro-basidiomycetes, while elevated soil and air temperature
reduced the density and distribution of these species. In contrast, an increase in air and soil temperatures made
the population of Volvariella volvacea to be more abundant and more dispersed. Results of this research shall be
an important contribution in the creation of conservation actions and policies for strengthening the biodiversity

conservation, especially of the country’s mycoflora.
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Introduction

Macro basidiomycetes are a large group of many
familiar macrofungi which includes toadstools,
bracket fungi, fairy clubs, puffballs, stinkhorn,
earthstars, bird’s nest fungi and jelly fungi, to name a
few. They were long considered a strange group of
organisms, poorly understood and difficult to study
due to their largely hidden nature and frequently
sporadic and short-lived sporocarps, that is the
fruiting body or visible portion of a macrofungi.
Hence, they have largely been neglected and
overlooked in national and international nature

conservation actions (Egbe, et al., 2013).

In spite of their economic importance and ecological
role, few studies on macrofungal diversity have been
conducted in the Philippines. Literature review
reveals that earlier study of Quimio and Capilit (1981)
noted that the Philippines has 3,755 fungal species.
The study of Tadiosa et al.. (2011) in the Bazal-Baubo
Watershed in Aurora Province also denoted high
macrofungal species diversity in this area. The Taal
Volcano Protected Landscape in Talisay, Batangas
was also reported to have vast macrofungal
communities. Macrofungi were also described in Mt.
Palay-Palay National Parking Cavite (Tadiosa et al.,
2005). De Leon et al. (2013) likewise identified
several macrofungi in six Aeta communities in
Central Luzon. These studies indicate high species
richness for mycoflora, but still many areas remained
unexplored (Dela Cruz, 2014) and many species of

macro-basidiomycetes remain undiscovered.

The province of Cagayan Valley is one of the least
explored portions of Northern Luzon. There is little
progress of fungal biodiversity research in the
province, and it is therefore of urgent need to
promote studies on fungal diversity. In response to
this, the researcher deemed it necessary to conduct a
preliminary survey at Cagayan State University at Lal-
lo as beginning of the endeavour of uncovering the
rich mycoflora of the province. The Cagayan State
University Lal-lo campus is one of the eight satellites
of Cagayan State University. It is located in the
barangay of Sta. Maria at the Municipality of Lal-lo.

It is a mountainous campus with a land area of 1,500
hectares. It has a rich biodiversity and diverse
ecosystems mainly due to its large portion of forested
area. With its elevated location and dense vegetation,
it becomes an ideal habitat for diverse fauna and
flora, including mycoflora, which is yet to be fully
documented. Hence, the present work aimed to
survey, collect, and identify macro-basidiomycetes
that are naturally growing in the premises of Cagayan
State University-Lal-lo Campus. Herein, the study
provides a taxonomic listing of macro-
basidiomycetes. It likewise looked into the species’
population density and distribution. Furthermore, the
study sought to describe the ecological niche
parameters of the species of macro-basidiomycetes
and determine any significant relationship of species’
population and distribution with that of the ecological

niche parameters.

Materials and methods

Locale and Research Design

The study was conducted at Cagayan State University
at Lal-lo, Cagayan, Northern Luzon. It is located at
latitude 18° 11' 54" North and longitude 121° 39' 54"
East, and 2.7km away from the national highway. The
annual rainfall over the area is 2,018 mm and an
average annual temperature of 26.4°C. The climate of
the study site is predominantly tropical, which is
characterized by significant rainfall most of the
months, with a short dry season. Rainfall and

temperature diminish up the slopes and further inland.

Descriptive Classification Survey (Colmerin) was used
as the design of the study. The five (5) sites at
Cagayan State University Lal-lo were used as areas of
the study and these are the Turbine, Coco-Mandarin
Plantation, Coco-Cacao Plantation, DBP Forest and

the Ecological Park.

Samples and Sampling Procedure

Simple Purposive sampling was used in determining
the study sites, which was already listed on the above
paragraph. The sites have been chosen for the reason
that the area were inhabited by macro-basidiomycetes

as per surveyed, and that they were not used for
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farming that requires tilling and constant under
brushing for fungi may be disturbed. Quadrant
method was used in field sampling, where each
quadrant measures 10x10 meters. A total of twenty
five (25) sampling plots were established; 5 quadrants
per station. Opportunistic Sampling was employed in
identifying the macro-basidiomycetes in all the sites.
All macro-basidiomycetes found inside each quadrant
during the collection date were taken as samples of

the study.

The researcher, together with research assistants,
counted the number of fruiting bodies per species and
these data were used to determine the population

density and distribution of macro-basidiomycetes.

Collection of Data

The collection of data was done once a week during
Saturdays from July to October 2017. Inventory and
collection of all macro-basidiomycetes representatives
were done every collection. Ecological niche
parameters such as amount of rainfall, soil and air
moisture and soil and air temperature were all duly

recorded during the four months of data gathering.

Collection and Documentation of Fungal Specimens

Macro-basidiomycetes were photo-documented in
their natural habitat. The top and bottom portion of
each specimen were captured for clearer and more
precise identification. Morphometric data such as the
different features of the stipe (stalk), pileus (cap), and
gills of the fruiting bodies were gathered while color

was through ocular observation.

Fruiting bodies were carefully collected using shovel
obtaining part of the substrate to ensure that they were
not damaged. Collected specimens were properly
labelled and individually placed in a box and were
brought to the laboratory for identification. Some were
air dried in the laboratory for thorough classification

and description.

Fungal Identification
Pre taxonomic classification was done by the

researcher with the use of Dichotomous Key of

Classification of fungi and fungal classification
guides. Sample specimens of macro-basidiomycetes
were brought to the Museum of Natural History at
Bafios to

University of the Philippines Los

authenticate their identification.

Analysis of Data
The population densities of macro-basidiomycetes

were computed using the formula:

Population Density = N/A

Pearson r Correlation was used to determine the
relationship of the population density and
distribution of macro-basidiomycetes to that of the
ecological niche parameters such as amount of
rainfall, soil and air moisture, and soil and air

temperature.

To determine the Population Distribution of the
different species of basidiomycetes in the 25 stations,

the following scale was used:

Number of Stations Adjectival

Found Description

21— 25 Most Distributed
16 — 20 Widely Distributed
1-15 Fairly Distributed
6—10 Less Distributed
1-5 Least Distributed

Results and discussion

Taxonomic Classification of Macro-basidiomycetes
at CSU Lal-lo

A total of 34 species of macro-basidiomycetes were
collected during the months of July to the end of
October 2017. Of these, 24 species belonged to Order
Polyporales which comprised of 10 genera; five
species are identified under Order Agaricales which
consists of four genera, two species of Order
Aphyllophorales under one genera, and one species
Order and Order

each under Auriculares

Sclerodermatales.

There is one unknown species, subject to further
classification and identification. Overall, there were
five (5) orders and 17 genera of macro-
basidiomycetes, of which the majority were wood

rotting fungi (Table 1).
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Table 1. List of Macro-Basidiomycetes found at CSU Lal-lo Campus with their Taxonomic Classification and

Total Sporocarp Count.
Scientific Name Order Remarks Total Sporocarp count
Polyporus leptocephalus (Jacq)Fr. Polyporales 130
Polyporus sp. (a) Polyporales 212
Polyporus sp. (b) Polyporales 159
Polyporus sp. (c) Polyporales 185
Polyporus sp. (d) Polyporales 650
Microporus xanthopus(Fr.) Kunze Polyporales 270
Microporus sp. (a) Polyporales 730
Microporus sp. (b) Polyporales 850
Hexagonia tenuis (Hook)Fr. Polyporales 345
Hexagonia sp. (a) Polyporales 358
Hexagonia sp. (b) Polyporales 248
Hexagonia sp. (¢) Polyporales 332
Pycnoporus cinnabarinus
(Jacq.Fr.)P.Karsten Polyporales 335
Pycnoporus sanguineus (L.) Murrill Polyporales 168
Trametes versicolor(L.)Pil. Polyporales 333
Trametes hirsuta (Wulfen)Lloyd Polyporales 605
Trametes sp. Polyporales 427
Ganoderma pfeifferi (Bres) Polyporales 58
Ganoderma lucidum (Ley.ex.Fr.)Kar. Polyporales Medicinal 173
Ganoderma applanatum (Pers.)Pat. Polyporales Er(ﬁ)t:lea’]()z:lbtle 927
Coltricia perennis (L.) Murrill Polyporales 200
Stereum hirsutum(Willd.)Gray Polyporales 1,021
Daedalea sp. Polyporales 372
Lenczites sp. Polyporales 111
Lentinus velutinus(Fr.)Sacc. Agaricales 338
Lentinus squarrosulus (Mont.) Agaricales Edible 6,827
Volvariella volvacea (Bull.ex.Fr.)Sing. Agaricales Edible 203
Omphalina grossula(Pers.)Singer Agaricales 4,347
Crepidotus sp. Agaricales 550
Schizophyllum commune(Fr.) (a) Aphyllophorales Edible 8,156
Schizophyllum commune(Fr.) (b) Aphyllophorales Edible 6,671
Auricularia auricula (Hook.)Under. Auriculariales Edible 4,843
Geastrum saccatum (Fr.) Sclerodermatales 1,236
Unknown species Unidentified 777

Schizophyllum commune (Fr.) (a) holds the highest
record with 8,156 fruiting bodies found over the
collection period of four months, followed by
(Mont.) with 6,827

sporocarps. Schizophyllum commune (Fr.) (b) ranks

Lentinus  squarrosulus
third with 6,671 total sporocarps. Auricularia
auricula (Hook.) Under. and Omphalina grossula
(Pers.) Singer found to have more than 4,000 fruiting
bodies, with the former being higher by half a
thousand. These species are found in cluster and

really grow robustly.

Population Density of Macro-Basidiomycetes

Out of 34 species of macro — basidiomycetes, five (5)
species were found to have pronounced density in one
or more stations, and these are Schizophyllum
commune (Fr.) (b), Schizophyllum commune (Fr.)

(a), Lentinus squarrosulus (Mont.), Auricularia

auricula (Hook.) Under and Omphalina grossula
(Pers.) Singer. The Schizophyllum commune (Fr.) (b)
has the highest recorded density. These fungal species
are similar with each other in that they grow

abundantly in cluster.

Population Distribution of Macro-Basidiomycetes

As gleaned from Fig. 1, the species that occupy all the
25 substations/ plots are the following: Lentinus
squarrosulus (Mont.), Schizophyllum commune (Fr.)
(a), and Auricularia auricula (Hook.)Under. Other
species also with most distributed population are
Polyporus sp. (a), Polyporus sp. (b), Omphalina
grossula (Pers.)Singer and Schizophyllum commune
(Fr.) (b). It implies that these species are well-
adapted to wide range of environment as they are

found across all stations.
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Distribution of Macro - Basiomycetes

B 7 Most Distributed
B 4 Widely Distributed
7 Fairly Distributed

B 11 Less Distributed

W5 Least Distributed

Fig. 1. Population Distribution of Macro-Basidiomycetes.

It was observed that the species with fair and low
distribution comprised most of bracket fungi, which
are saprobes of wood. This trend is attributed to the
fact that not all stations have enough wood as
substrates for these fungi. This idea is supported by
the findings of Yamashita, et al., (2007) which states
that occurrence of fungal species increased
significantly with increasing number of pieces of
coarse woody debris. Overall, there are seven (7)

(4)
distributed, seven (7) fairly distributed, 11 less

mostly distributed species, four widely

distributed and five (5) least distributed. Not all
species are well-distributed, some were found only in
few plots, which suggest that the habitat of these
fungi must be sustained so that the mycoflora and
other inhabitants are conserved and become less

susceptible to extinction.

Population Density and Distribution of Macro-
Basidiomycetes per Week

Fig. 2 illustrates the trend of population density of the
macro — basidiomycetes per week of collection. Most
species had remarkable decline during the 7th week
where temperature was highest and precipitation and
moisture were lowest. However, after the heavy down
pour in the 8% week, the density of the species had
increased. This was because moisture increased and
temperature decreased significantly as an effect of
high degree of rainfall. With these observations, it
was assumed that amount of rainfall and moisture
content positively affects the population density of
basidiomycetes, while temperature (Jang and Hur,
2014) has the opposite or reverse effect on density of

fungal species.
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Fig. 2. Population Density of Macro — Basidiomycetes per Week.

As shown in Fig. 3, the population distribution of soft
and fleshy macro-basidiomycetes are greater than the
distribution of hard and woody ones. Besides, the
distribution of soft textured fungi also follows the
trend of rainfall, moisture and temperature. Notice

that before and at week 7, there is lesser distribution

of fleshy fungi as compared to their distribution
during the 8t week and the weeks after. On the other
hand, the early month collection was predominated
by tough, woody polypores, since there was a decrease
in rainfall and an increase in temperature, conditions

where the fleshy macro fungi cannot withstand.
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Overall Population Density and Distribution of
Macro-basidiomycetes per Station

Fig. 4 presents the data for the overall density of
macro-basidiomycetes per station. The highest
population density of macro fungi is at Station 5 (DBP
Forest), indicating that approximately seven
sporocarps can be counted per square meter. In terms

of ecological parameters, station 5 is lowest in air and

soil temperature, and average in other parameters.
The high density of fungi in this station could be
attributed to the fact that the environment has
adequate moisture and generally cooler than other
stations. Aside from the presence of creek that
provides extra moisture, the station is also abundant
with fallen trunks and branches, which add as an

additional substrate for wood decay fungi.

Population Distribution of Macro - Basidiomycetes per Week
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Fig. 3. Population Distribution of Macro-Basidiomycetes per Week.
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Fig. 4. Over — all Density of Macro — Basidiomycetes

per Station.

Overall distribution of macro-basiomycetes is shown
in Fig. 5. Station 5 (DBP Forest) is home for the most
number of fungal species (25 species) as well as the
most populated by basidiomycetes. It was followed by
Station 2 with 22 species, next is Station 4 with 21

species and Station 1 with 20 species.

The present data suggest that a number of species of
fungi were found in heavily vegetated areas where
large trees, shrubs, and lianas abound. There were
plenty of fallen branches, stumps and rotten trunks of
wood that favoured the luxuriant growth of the fungi.
The station with the least

basidiomycetes is Station 3 with 17 species recorded.

abundance of

This may be due to the fact that this station is lowest
in terms of rainfall and moisture. As demonstrated by
previous studies (Sharon Talley, et al, 2002),

moisture and precipitation are important in
explaining the fungal abundance and richness of

habitats.

Relationship Between Population Density of the
Different Species of Macro-Basidiomycetes and
Ecological Niche Parameters
Species with positive correlation with amount of
rainfall include Polyporus sp. (a), Polyporus sp. (b),
Trametes versicolor (L.) Pil,
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Stereum hirsutum (Willd.) Gray and Lentinus
squarrosulus (Mont). This indicates that as the
amount of rainfall becomes higher, so is the
population density of these species of basidiomycetes,
and a decrease of amount of precipitation means a
decline in their population density. This finding is
consistent to that of Talley, et al., (2002) that fungal
richness

abundance and displayed a positive

relationship with precipitation.

Over - all Distribution of Macro - Basidiomycetes per
Station
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Fig. 5. Over - all Distribution of Macro -

Basidiomycetes per Station.

For soil moisture, species that are found to be
positively correlated are Polyporus sp. (b) (r = .628, p
= .001), T. versicolor (r = .484, p = .014), Trametes
hirsuta (Wulfen) Lloyd (r = .461, p = .02),
Ganoderma applanatum (Pers.) Pat. (r = 448, p =
.025), and S. hirsutum (r = .479, p = .015). It implies
that the higher the moisture content of soil, the more

abundant these species will be.

With regard to air moisture, two species were found to
have a significant relationship. One is Polyporus sp. (d)
with r value of -0.522 and a corresponding probability
of 0.007, which means that an increase in air moisture
decreases the population density of the species.
Polyporus sp. (d) is a tough and leathery bracket
fungus that reproduces every two to three weeks,

especially a week or two after a heavy downpour.

Because of its woody sporocarp, it is not suitable for
very wet and humid environment as these might
soften up and eventually damage the sporocarp. In
contrast, Schizophyllum commune (Fr.) (a) (r = .398,
p = .049) grows abundantly with more moisture in
the air. S. commune tend to grow plentifully

whenever moisture is available.

Photos of Macro-Basidiomycetes collected at Cagayan
State University at Lal-lo

‘!""

11. Hexagonia sp.(b)

2. Polyporus sp.(a) 12. Hexagonia sp.(c)

3. Polyporus sp.(b) 13. Pycnoporus cinnabarinus (Jacq.Fr.)P.Karster
4. Polyporus sp.(c) 14. Pycnoporus sanguineus (L.) Murrill
5. Polyporus sp.(d) 15. Trametes versicolor (L.)Pil

16. Trametes hirsuta (Wulfen)Lloyd
17. Trametes sp.

18. Ganoderma pfeifferi (Bres)

19. Ganoderma lucidum (Ley.ex.Fr.)Kar

6. Microporus xanthopus (Fr.) Kunze
7. Microporus sp.(a)

8. Microporus sp.(b)

9. Hexagonia tenuis (Hook)Fr.

10. Hexagonia sp.(a) 20. Ganoderma applanatum (Pers.)Pat.

21. Coltricia perennis (L.) Murrill
22. Stereum hirsutum (Willd.)Gray
23. Daedalea sp.

24. Lenzites sp.

28. Omphalina grossula (Pers.)Singer
29. Crepidotus sp.

30. Schizophyllum commune (Fr.) (a)
31. Schizophyllum commune (Fr.) (b)
25. Lentinus velutinus(Fr.)Sacc.
26. Lentinus squarrosulus (Mont.)

32. Auricularia auricula (Hook.)Under.
33. Geastrum saccatum (Fr.)

27. Volvariella volvacea(Bull.ex.Fr.)Sing. 34. Unknown species

As for soil temperature, species such as Microporus
sp. (a), Hexagonia sp. (b), Daedalea sp., Crepidotus

sp., and Geastrum saccatum (Fr.) all have negative
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correlation  coefficients, indicating that as
temperature of soil increases, the population density
of these species is reduced. This result is also similar
with another study, indicating that wood — rotting
fungi and ground fungi showed decreased numbers at
higher temperatures (Jang and Hur, 2014). Air
temperature is negatively correlated with Hexagonia
sp. (b), Daedalea sp, Crepidotus sp., G. saccatum,
which denotes that abundance of these species tends
to decline whenever there is a rise in air temperature.
These basidiomycetes require enough moisture to
thrive, and with high temperature, the environment
becomes warmer than necessary which results to

drying up of sporocarps due to moisture loss.

Volvariella volvacea (Bull.ex.Fr.) Sing. is an
exception to this as it has a positive relationship with
temperature. V. volvacea is commonly found in
decaying stump of banana trees. This may be the
reason why it multiplies when the weather is warm.
Decay of banana tree parts is hastened by warm
temperature, so if it is warm there will be more
decomposing banana tubers, and hence, more V.

volvacea will grow.

The trend for fungi to be less abundant as

temperatures increase, and moisture and
precipitation decrease are consistent with result of
studies done by Jang and Hur (2014) and
Sharon M Talley, et al., (2002) on the effects of
weather on fungal abundance. According to the
studies, low relative humidity and extreme
temperatures inhibit growth and spore germination of
fungi. Furthermore, fungal abundance and richness

displayed a positive relationship with precipitation.

Relationship Between Population Distribution of the
Different Species of Macro-Basidiomycetes and
Ecological Niche Parameters

The amount of rainfall is positively correlated with
the following species: Polyporus sp. (b), Trametes
versicolor (L.) Pil., Stereum hirsutum (Willd.) Gray,
and Lentinus squarrosulus (Mont.). This suggests
that these species become more distributed when

amount of rainfall increases. Similar findings (Talley

et al., 2002; Bernicchia, 2001) suggest that macro
fungi tend to proliferate during period of frequent
and high precipitation as it leads to high moisture
content in fungal substrata and also high relative
humidity. There are five (5) species whose
distribution is related to soil moisture, namely
Polyporus sp. (b), T. versicolor, Trametes hirsuta
(Wulfen) Lloyd, Ganoderma applanatum (Pers.) Pat.,
and S. hirsutum. They all have positive relationship
with soil moisture, which implies that their
population distribution increases as the moisture

content of the soil increases.

Meanwhile, Schizophyllum commune (Fr.) (a) has a
positive relationship with air moisture, which
indicates that its population is more dispersed as
atmospheric moisture rise up. On the other hand, the
distribution of Polyporus sp. (d) has inverse
relationship with air moisture. It only means that a
high content of moisture in the air reduce the

distribution of this species.

Moisture content, both in soil and in air, is an
essential factor to the distribution of fungal species.
Adequate moisture induces mycelial formation, which
give rise to new fruiting bodies. In addition, moisture
initiates germination of dormant spores embedded in
the soil that soon colonize the area. These are few
reasons why moisture generally increases the
distribution of most fungi. Egbe et al., (2013) support
this finding, that relative humidity is positively

related to fungal prevalence.

Apparently, not all fungal species become more
distributed with the presence of high moisture.
Instead, their distribution was reduced like that of the
Polyporus sp. (d), which could not tolerate very high
moisture. It could be that too much moisture destroys
the spores and sporocarps of this species. With regard
to soil temperature, species, which significantly
correlated, have negative relationship with this
parameter. Microporus sp. (a), Hexagonia sp (b),
Daedalea sp., Crepidotus sp., and Geastrum
saccatum (Fr.) tend to significantly decrease in

distribution as soil temperature gets too high.
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The same pattern is also seen with Hexagonia sp (b),
Daedalea sp., Crepidotus sp., and G. saccatum with
respect to air temperature. These species have
decreased dispersal when air temperature reached
higher degree. On the contrary, Volvariella volvacea
(Bull.ex.Fr.) Sing. displayed a positive relationship
with air temperature, suggesting that the warmer it
gets the better is the population distribution of V.
volvacea. Elevated temperature negatively affects
fungal distribution due to moisture loss as indicated

in the findings of Boddy et al., 2013.

Conclusions

Despite limited time for collection, the result of the
survey indicates that the five sites of Cagayan State
University have abundant and diverse mycological
resources, of which some are yet to be identified.
Further and more intensive sampling efforts in the
campus will undoubtedly uncover more species of
macro-basidiomycetes including some possible new
species. It was also found out that species vary in terms
of their population density, as well as population
distribution, among species and across stations, and
that their populations are significantly related to
ecological niche parameters such as amount of rainfall,

soil and air moisture, and soil and air temperature.

Recommendations

In the light of the foregoing conclusions, the following

recommendations are offered:

1. Further study must be conducted on the
morphological analysis and on the identification
of macro — basidiomycetes until the species level.

2. A follow — up study should be conducted that
delves on the physico — chemical analysis of
ecological niche parameters, and to include other
ecological variables.

3. A parallel study should be conducted for a longer
duration, e.g. for at least two (2) wet seasons, that
will look into the relative abundance and
ecological distribution of macro — basidiomycetes.

4. Aninter — agency body composed of qualified staff
of CSU Lal-lo, Local Government of Lal-lo,

and Natural

Department of Environment

Resources and from the private sector shall be

organized to ensure the proper management,
protection and maintenance of the ecological
balance of the sites and become a biodiversity area

or eco-tourism site.
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