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ABSTRACT

Malacofaunal research focused on forest ecosystems
is very limited in the Philippines. To address this informa-
tion gap, the diversity and distribution of land snails were
determined in Mount Banahaw, Luzon Island, Philippines.
Four slopes (northeast- Lucban, southeast-Tayabas, north-
west-Majayjay, and southwest-Dolores) were selected for
sampling. A total of 36 plots of 20 x 20 m? were set randomly
in the protected area. A total of 868 land snails comprising
33 species under 24 genera representing 9 families were
sampled. Camaenidae was the most represented family
with 10 species. Ryssota otaheitana constituted 29.15% of
the total number of samples (253 individuals) and was the
most abundant species on all the slopes. Of the four slopes,
Majayjay has the greatest number of individuals (320) while
Lucban has the least (149). In terms of species richness, Do-
lores has the highest number of species (23) while Tayabas
has the least (13). The most abundant species was Ryssota
otaheitana (253), while Chloraea hennigiana (1), Cyclotus
sp. (1) and Helicarion c.f. cumingii (1) were the least. Three

introduced species from Family Achatinidae were recorded,
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namely, Lissachatina fulica, Allopeas clavulinum, and Allopeas gracile. All invasive species were col-
lected in Dolores. Species accumulation curves (SAC) showed -dominated pattern of land snails with
a completeness ratio of 0.83. The study presented the rich and diverse malacofauna of Mt. Banahaw.

It is very important to recognize this protected area as a priority site for malacofaunal conservation.

Keywords: diversity, distribution, macro land snails, micro land snails, Mt. Banahaw, species rich-

ness, abundance.

INTRODUCTION

The Philippines is known for its rich biodiversity and is considered one of the 17 regions
with high endemism (Mittermeier et al., 1999; Posa ef al., 2008; de Chavez and de Lara,
2011). It has 22,000 described species of mollusks with an estimate of 2% to 4% endemism
for marine species (Vallejo, 2002) while, the land snail fauna in the country is immense with
approximately 2,000 species and subspecies described (Faustino, 1930; Auffenberg and Pall
-Gergely, 2020; Molluscabase, 2022).

The habitat of land snails such as tropical rainforests has experienced threats due to anthro-
pogenic-induced activities. Over 90 years, the Philippines was once almost completely covered
by forest. However, it declined from 57.3% to less than 20.5% making the Philippines one of
the 25 world hotspots together with Madagascar and Sundaland (Sajise, 2012). Tropical forest
ecosystems provide various ecosystem services. This includes resource availability such as
fresh water supply and nutrients. Climate regulation, water recycling, cleaning of atmospheric
pollutants, and redistributing nutrients are also included (Brandon, 2014). Moreover, tropical
forest ecosystems serve as habitats for diverse flora and fauna. Biodiversity enhances ecosys-
tem functioning and services such as pollination and biological pest control (Brandon, 2014).

The continuous decline of forest cover affects the biodiversity of organisms including
land snails. Despite this threat, only a single species of land snail, Helicostyla smargadina
(Reeve,1842), was listed as critically endangered in the International Union for the Conserva-
tion of Nature (IUCN) (IUCN, 2006; de Chavez and de Lara, 2011). Other species of edible
native snail, Ryssota otaheitana (Ferussac, 1821), experienced threats and can be considered
vulnerable since it is locally consumed, and thus prone to poaching and illegal trade (Gon-
zalez et al., 2018). Biodiversity studies are very essential in knowing the ecological and
habitat requirements of these land snails that are prone to extinction. Knowing this will help
in making science-based management and conservation plans.

One of the ideal sites to conduct this type of study was Mt. Banahaw. Mounts Banahaw and
San Cristobal were declared as Mt. Banahaw-San Cristobal Protected Landscape (MBSCPL)
protected area under the Proclamation No. 411 in R.A. 9847 in 2009 (Gascon, 2002; DENR-
BMB, 2015). MBSCPL is considered a unique area for faunal and floral diversity. Endemic
species include Rhynchomys banahao, Platymantis banahao, Musseromys gulantang, and
Rafflesia philippensis (Brown et al., 1997; Balete et al., 2007; Heaney et al., 2013; Pelser et
al., 2013). However, at present, there are no published journals on the malacofaunal survey
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done in Mt. Banahaw, thus providing no account of the possible land snail diversity in the
protected area. This study aims to determine and analyze the diversity pattern of land snails in

Mt. Banahaw. This study will provide baseline information on malacofauna of Mt. Banahaw.

MATERIALS AND METHODS
Study site

Mount Banahaw (13°551° and 14°10’ latitude, 121°26° 121°35’ longitude) is the highest
mountain (2,158 masl) and largest protected area (109,005,900 m?) in the Southwestern Luzon
Island, Philippines (Fig. 1). It was declared as a protected area under Proclamation No. 411
in R.A. 9847 in 2009 (Gascon, 2002; DENR-BMB, 2015). Different slopes of Mt. Banahaw
experience two types of climate (Basconcillo ef al., 2016). Tayabas and Lucban slopes have
Type 1II climate wherein there is no dry season and wet season occurs from December to
February (Basconcillo et al., 2016). In contrast, the Majayjay and Dolores slopes have a Type
IIT climate wherein there is a distinct wet and dry season (Basconcillo et al., 2016). The dry
season occurs from December to February, the wet season occurs the rest of the year (PIDS,
2005; Corporal-Lodangco and Leslie, 2017). The soil type found throughout the volcano is
the Luisiana sandy clay loam rich in organic matter which is suitable for growing seasonal
crops. Soil pH ranges from 4.4 to 7.2 which is highly acidic to slightly basic (Banaticla and
Buot, 2005; Gascon et al., 2013; Heaney ef al., 2013).

The northeastern slope (Lucban) has an elevation of 1,875 masl with a Type II climate.
It is managed and protected by the Forest and Conservation Unit of Southern Luzon State
University (SLSU). The area was not open to the public and researchers should obtain a
permit from the Protected Area and Management Board (PAMB) of Mt. Banahaw-San Cris-
tobal Protected Landscape (MBSCPL) and the university. The entry point was at a satellite
campus of SLSU at Barangay (Brgy.) Ayuti, Lucban, Quezon. The area is a combination of
agroforests and secondary forests. During the 1970s to 1980s, slash and burn was very ram-
pant in the mountain, starting from 800 masl downwards but during the 1990s it was stopped
by the former Mayor Clemente Placino. Nowadays, slash and burn was prohibited in the
area. The southeastern slope (Tayabas) has an elevation of 2,140 masl and a Type II climate.
It is protected by TAPAT-Kalikasan (Tayabas People’s Action Team for Nature). The entry
point is at Brgy. Lalo, Tayabas, Quezon. This area of Mt. Banahaw is regularly visited by
mountaineers and nature lovers. However, similar to the northeastern slope, a permit should
be first secured from the MBSCPL-PAMB. When going to Camp 1 (Bunkhouse), rice fields,
agroforests planted with crops and fruiting trees can be seen. Similar to the Lucban slope at
800 masl downwards of the sampling site was a former slash and burn area way back 1970s
to the 1980s. Also, during the 1980s, at 1000-1100 masl elevation, there was a treasure hunt-
ing area because people believed that there were hidden treasures left by the Japanese since

Camp 2, the last camp before reaching the peak, was a former garrison and old weapons were
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found there. During the typhoon Glenda (International name Rammasun) in 2014, trees have

fallen and changed the trail.

Land Snail Sampling
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Figure 1. Sampling sites in Mt. Banahaw, Luzon Island, Philippines.

Samples were collected from October to November 2017 using the protocol adapted
from Clements et al. (2006), Liew et al. (2008), de Chavez and de Lara (2011), and Uy et
al. (2018). Four slopes (northeast- Lucban, southeast-Tayabas, northwest-Majayjay, and
southwest-Dolores) were selected for sampling. Within each slope, nine 20 x 20 m (400 m?)
quadrats were set randomly and at least 20 m apart to prevent pseudoreplication. Overall,
a total of 36 quadrats (14,000 m%* 1.4 ha) was established for the whole study. For each
quadrat, three persons extensively searched for live snails (both macro and micro) on stems,
underneath leaves, trunks, barks, rotting logs, and on the soil for two hours. A combination
of visual searching and sorting of a standard volume of litter and soil were done and as rec-
ommended for land snail inventories if repeated visits are not possible (Nurinsiyah et al.,
2016). Both live and empty shells were collected. Empty shells were considered also since
these increases sample size and therefore produce complete malacofaunal inventory especially
during one-time sampling (de Winter and Gittenberger, 1998; Cameron and Pokryszko, 2004;
Nurinsiyah et al., 2016). At each plot, 1L of soil with leaf litter was collected and placed in
polyethylene bags while live micro snails were put in 1.5 mL centrifuge tubes with absolute
ethanol to preserve their DNA. In the laboratory, the soil was placed in separate basins and
was sundried for 2 weeks to remove all moisture content. Afterwards, it was dried in the oven
with a temperature of 50° C for 6 hours. The soil was sieved using 3 mm, 2 mm and 1 mm
steel meshes to obtain empty shells of micro land snails (<5 mm) (Schilthuizen et al., 2002;
Clements et al., 2008; Liew ef al., 2008). Both live snails and empty shells were identified
up to the species level using published literature (Faustino, 1930; Bartsch, 1932; Springsteen



Land Snail Diversity of Mount Banahaw-San Cristobal Protected Landscape 5

and Leobrera, 1986; Parkinson et al., 1987; Abbott, 1989; Bouchet et al., 2017). Identified
specimens were deposited as vouchers in the University of the Philippines Los Bafios Museum
of Natural History (UPLB-MNH) while specimens not identifiable to described species were

assigned a morphospecies name.

Data analyses
Species richness, abundance, and rarity

In each quadrat, species richness and abundance were determined. The total number
of species present in the sampling site was considered as species richness while individual
counts for a species were considered as abundance (Colwell, 2009). Relative abundance was
computed as:

Species abundance

Relative abundance = Total abindance x 100

Species with less than 0.5% of the total individual counts are considered rare (Emberton et
al., 1997).

Diversity indices:
Diversity was estimated using Shannon index (H') (Shannon-Weaver, 1949). Shannon-Weaver

Index of diversity (H') was determined using the formula:

S
H == @ % lnp)
i=1

where s is the total number of species in the community
pi is the proportion of the total sample for the ith species (p=n/N; n is the
important value index of ith species and N is the important value index of

all the species)

Evenness (J) was determined using the formula:

J =

3 2
i:lPl

where s is the total number of species in the community
p, is the proportion of the total sample for the ith species

Evenness which is defined as the distribution of individuals in species was the estimated
value of the inverse of Simpson’s index (Heip ef al., 1998). The diversity indices were com-
puted using Paleontological Statistics (PAST) software 3.15 (Hammer et al., 2001).
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Sampling Efficiency
To determine the efficiency of sampling and completeness in all sites, sample-based and

individual-based species accumulation curves (SAC) were generated for each slope and the
entire Mt. Banahaw using Estimate S version 9.1.0 (Colwell, 2013). Individual-based SAC
was based on abundance data and determines the cumulative increase in richness against
the number of individual species sampled. Sample-based SAC was based on sampling unit
effort and accumulation of new species against the quantum increases of sampling effort
represented by quadrats or sampling plots (Dove and Cribb, 2006). SAC was evaluated by
) divided by the ob-
) (Clements et al., 2008). The estimated species richness was

calculating the completeness ratio (estimated number of species (S,

served number of species (S,

the incidence-based coverage estimator (S . ) that was obtained from the extrapolated scores
ops) Was from the Mau Tao (Uy et al., 2018).

The shape of a SAC is influenced by the pattern of species richness and relative abundance

ICE
whereas the observed number of species (S

among the species sampled (Colwell and Coddington, 1994; Thompson and Withers, 2003).
It also indicates the type of diversity pattern exhibited by the land snails across the sites (Uy
etal., 2018).

RESULTS
Land Snail Diversity in Mt. Banahaw

A total of 868 specimens comprising 33 species and 24 genera representing 9 families
were sampled in the four slopes of Mt. Banahaw (Table 1; Fig. 2-34).

Camaenidae was the most represented family with 10 species recorded from all slopes,
followed by Ariophantidae with 7 species, then by Chronidae and Cyclophoridae with 4
species. Family Achatinidae has 3 species, Trochomorphidae has 2 species while the rest
of the families such as Diplommatinidae, Helicinidae, and Pupinidae were represented by a
single species. In terms of abundance per family in all the slopes, Chronidae was the most
abundant (342) accounting for 39% of the land snails sampled followed by Camaenidae (287),
and Cyclophoridae (125).

Among the species, R. ofaheitana has the highest individual count (253) and constituted
29.15 % relative abundance with a mean density of 0.63 per m? from the entire species sam-
pled. It was present in all the slopes and was most abundant in Majayjay (77) while fewest in
Dolores (39). Cochlostyla submirabilis was the second most abundant species (105) which
constituted 12.10% with a mean density of 0.26 per m? (Table 1). The third most abundant
species was Cyclophorus woodianus (103) with 11.87% relative abundance and a mean
density of 0.26 per m?.

Among the species sampled, 30 species are native in the country while 3 species are
introduced. These introduced species are from Family Achatinidae (L. fulica, A. clavulinum,

and A. gracile). Furthermore, thirteen (13) species were considered rare with a relative den-
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Table 1. Land snail diversity, abundance and density in Mt. Banahaw, Philippines.
D- Dolores T-Tayabas L-Lucban M-Majayjay; *- native species **-introduced species

Relative Relative
Family Genus/ Species D T L M TOTAL | abundance | density | Remarks
(%) (400 m?)
Allopeas clavulinium
(Potiez & q
Michaud, 1838) 7 0 ! 0 8 0.2 0.02
*x
Achatinidac Allopeas gracile
(T. Hutton, 1834) 2 0 1 0 3 0.35 0.01 Rare
*x
Lissachatina fulica "
(Bowdich, 1822) %% 6 0 0 0 6 0.69 0.02
Helicarion c.f. cumingii 0 0 0 1 1 0.12 0.00 Rare
Helicarion sp. 2 2 1 4 9 1.04 0.02
Microcystina mpl 11 0 0 1 10 1.38 0.03
. Microcystina mp2 0 1 1 0 2 0.23 0.01 Rare
Ariophantidae Pseudhelicarion sp 0 0 2 0 2 0.23 0.01 Rare
Semperoncis montanus R
(Plate. 1893) 0 0 2 0 2 0.23 0.01 Rare
Vitrinula biangulata N
(L. Pfeiffer, 1844) 0 0 0 4 4 0.46 0.01 Rare
Calocochlea mpl 4 0 0 0.46 0.01 Rare
Calocochlea mp2 2 0 3 2 7 0.81 0.02
Chloraea hennigiana
(Mollendorff, 1893) ! 0 0 0 1 012} 000 | Rare
Cochlostyla
submirabilis 2 41 18 44 105 12.10 0.26
(Mollendorft, 1897)
Helicostyla bicolorata
(L. Lea, 1840) 4 1 18 21 44 5.07 0.11
Camaenidae Helicostvla mirabilis
(Férussac, 1821) 15 13 6 18 52 599 0.13
Helicostvla rufogaster
banahaoana 1 3 7 20 31 3.57 0.08
(Bartsch, 1932)
Helicostvla woodiana
(L. Lea, 1840) 0 2 4 0 6 0.69 0.02
Hypselostyia dactvlus
(Broderip, 1841) 0 11 3 14 28 323 0.07
Obba listeri (Gray,
1825) 6 0 0 3 9 1.04 0.02
Hemiglypta cuvieriana
(L. Lea, 1840) 6 6 8 34 54 622 0.14
Hemitrichiella setigera
Chronidae (G.B. Sowerby I, 1841) | ¢ 2 6 7 13 173 ] 004
Kaliella sp. 14 5 0 1 20 230 0.05
Ryssota otaheitana
(Férussac, 1821) 39 72 65 77 253 29.15 0.63
Cyclophorus reevei
(Hidaleo. 1885) 1 0 0 1 2 023 0.01 Rare
Cyclophorus woodianuis 85 0 0 18 103 1187 026
Cyelophorid (I. Lea, 1840)
yelophondae Cyclotus sp. 1 0 0 0 1 0.12 000 | Rare
Leptopoma helicoides
(Grateloup, 1840) 9 0 1 9 19 219 0.05
Diplommatina
Diplommatinidae microstoma 3 0 0 0 3 035 0.01 Rare
(Mollendorff, 1887)
L Sulfurina citrina
Helicinidae (Grateloup. 1840) 14 0 0 33 47 541 0.12
Moulinsia aurantia
(Grateloup, 1840) 0 0 0 4 4 0.46 0.01 Rare
Pupinidae
Videna
) . metcalfii
Trochomorphidae (L. Pfeiffer. 1845) 4 1 2 2 9 1.04 0.02
Videna repanda
(Mollendorft, 1890) 0 0 0 2 2 023 0.01 Rare
Total number of
individuals 239 160 149 320 868
Number of
species 23 13 18 22 33
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1mm

Figure 2-9. Live land snails found in Mt. Banahaw: 2) Allopeas clavulinum (Potiez & Mi-
chaud, 1838); 3) Allopeas gracile (T. Hutton, 1834); 4) Lissachatina fulica (Bowdich, 1822);
5) Helicarion c.f. cumingii; 6)Helicarion sp.; 7) Microcystina mpl; 8) Microcystina mp2;
9) Pseudhelicarion sp.
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Figure 10-15. Live land snails found in Mt. Banahaw: 10) Semperoncis montanus (Plate,
1893); 11) Vitrinula biangulata (L. Pfeiffer, 1844); 12) Calocochlea mpl; 13) Calocochlea
mp2; 14) Chloraea hennigiana (Mollendorft, 1893); 15) Cochlostyla submirabilis (Mdllen-
dorft, 1897).

sity of less than 0.5% (Table 1).

Diversity Indices
Table 2 shows the diversity indices. Among the slopes, Majayjay has the highest indi-
vidual counts (320) while the least was Lucban (149). In terms of species richness, Dolores

has the highest number of species (23 species) while Tayabas was the least with 13 species
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Figure 16-23. Live land snails found in Mt. Banahaw: 16) Helicostyla mirabilis (Ferus-
sac, 1821); 17) Helicostyla woodiana (1. Lea, 1840); 18) Helicostyla bicolorata (1. Lea,
1840); 19) Hypselostyla dactylus (Broderip, 1841); 20) Helicostyla rufogaster banahaoana
(Bartsch, 1932); 21) Obba listeri (Gray, 1825); 22) Hemiglypta cuvieriana (1. Lea, 1840);
23) Hemitrichiella setigera (G. B. Sowerby I, 1841).

only (Table 2). Among the four slopes, Majayjay was the most diverse and even (H’=2.46;
J=0.53). It also obtained the highest Simpson index score of 0.88. To summarize the mala-
cofaunal diversity in Mt. Banahaw, a total of 868 specimens were obtained from 33 species.
A diversity index of 2.55 and a dominance score of 0.13 were obtained. This means that if a

Simpson score or dominance (D') is near to zero, it indicates a relatively high species diver-
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Figure 24-30. Live land snails found in Mt. Banahaw: 24) Kaliella sp.); 25) Ryssota ota-
heitana (Ferussac, 1821); 26) Cyclophorus woodianus (1. Lea, 1840); 27) Cyclophorus
reevei (Hidalgo, 1888); 28) Leptopoma helicoides (Grateloup, 1840); 29) Cyclotus sp.; 30)
Diplommatina microstoma (Mollendorft, 1887)

sity. Based on the Simpson index of diversity, there is about 87% probability of obtaining
two randomly chosen individuals belonging to the two different species in the community.
This suggests high species richness. An evenness score of 0.39 which is closer to zero indi-

cates few species dominating in the study site (Table 2).

SAC

The generated SACs (Fig. 35) differentiate the estimated species richness to the number
of quadrats and individuals in each of the slopes and the entire sampling site, Mt. Banahaw.
The graph showed a B-dominated pattern of land snails characterized by late asymptote.
Moreover, it showed a high completeness ratio (CR=0.83) for all the sampling areas in Mt.

Banahaw.
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Figure 31-34. Live land snails found in Mt. Banahaw: 31) Moulinsia aurantia (Grateloup,
1840); 32) Sulfurina citrina (Grateloup, 1840); 33) Videna metcalfii (L. Pfeiffer, 1845); 34)
Videna repanda (Mdllendorff, 1890).

Table 2. Diversity indices of slopes in Mt. Banahaw, Luzon Island, Philippines.

Slopes Diversity index

RSiI;;;i::s Abundance | Shannon_(H’) | Evenness (J’) | Dominance (D’) Sim(lis_']];;
Dolores 23 239 2.33 0.45 0.17 0.83
Tayabas 13 160 1.66 0.41 0.28 0.72
Lucban 18 149 2.03 0.42 0.23 0.77
Majayjay 22 320 2.46 0.53 0.12 0.88
Mt.Banahaw 33 868 2.55 0.39 0.13 0.87

DISCUSSION

The study showed the diversity and distribution of land snails in Mt. Banahaw. Land
snail assemblage in Mt. Banahaw has a relatively higher diversity (868 specimens com-
prising 33 species representing 9 families) compared to Mt. Makiling with 639 identified
individuals belonging to 14 species from five families (de Chavez and de Lara, 2011). Mt.
Banahaw also has relatively diverse land snails compared to Marinduque with 29 identified
species from 16 families (Sosa ef al., 2014). On the other hand, Mt. Banahaw has relatively
lower diversity than in Masungi Georeserve which has 43 species from 12 families (Valdez
etal., 2021).
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However, Mt. Banahaw and Masungi Georeserve are not comparable because of the dif-
ferent methodologies used as well as the difference in the environment whereby the former
is a non-karst rainforest ecosystem while the latter was sampled in both karst and non-karst
areas. Moreover, the malacofaunal diversity in non-karst rainforest ecosystems is lower than
in karst areas (Liew ef al., 2008). This can be attributed to calcium leaching that was caused
by active forest litters that increase the acidity of the soil (Schilthuizen and Rutjes, 2001;
Schilthuizen et al., 2003). Uy et al. (2018) revealed that low pH promotes calcium leaching
and hastens the bioerosion of shells.

On the other hand, the abundance and distribution of land snails are correlated with their
microhabitat requirements such as stable, temperate, litter-rich, and moderately moist for-
ests (Solem, 1984; Schilthuizen and Rutjes, 2001). The abundance and diversity of endemic
macro land snails were highest in intact and undisturbed forests. Moreover, endemic species
such as helicostylids have a strong association with native forests making them potential in-
dicators of a healthy forest ecosystem (de Chavez and de Lara, 2011). The presence of large
trees in old-growth forests and secondary forests provide shading to land snails to prevent
desiccation. Old-growth forests contain high organic layer accumulation that provides mois-
ture to micro snails to prevent them from desiccation (Martin, 2000; Kappes et al., 2006).

Furthermore, the introduced species also has a factor in the diversity and distribution of
native species of land snails in Mt. Banahaw. Introduced species such as the giant African
snail, L. fulica, were documented in the sampling site. It was also reported by de Chavez
and de Lara (2011) in Mt. Makiling, Marinduque (Sosa et al., 2014), Mt. Lantoy in Cebu
(Rosales et al., 2020), Masungi Georeserve (Valdez et al., 2021), and Sta. Teresita, Cagayan
(Parcon et al., 2021). It serves as a disturbance indicator since it is present in anthropogen-
ic-induced environments or highly disturbed forests, plantations, and former slash-and-burn
sites (Parcon ef al., 2021). This pattern is also observed in East Java, Indonesia (Nurinsi-
yah et al., 2016; Nurhayati et al., 2021). The abundance of introduced pulmonate species
increased with decreasing canopy cover and increasing human impact (Nurinsiyah et al.,
2016). In the study of Nurhayati et al. (2021), Bradybaena similaris, an invasive species,
is more abundant in Sumber Brantas Arboretum than in Raden Soerjo Forest Park Conser-
vation Area (Tahura). The Arboretum has lesser canopy cover and more anthropogenic-in-
duced activity than in Tahura.

Other introduced species such as A. clavulinum, and A. gracile were also documented in
MBSCPL. Among the four slopes, all introduced species were observed in Dolores while
the two species of Allopeas were present in Lucban slope. Uy et al. (2018) also reported the
presence of A. clavulinum, and A. gracile on their study at Mt. Makiling.

Based on diversity index, MBSCPL has a relatively high index of diversity (H’= 2.55).
but lower when compared to Masungi Georeserve’s diversity index with > = 2.94 (Valdez
et al., 2021). According to Magurran (2004), the diversity index in the natural ecosystem
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ranges from 1.5-3.5, wherein the value above 3.0 indicates a stable habitat while under 1.0
indicates a highly disturbed environment. In addition, Flores and Zafaralla (2012) stated a
diversity index of less than 2.5 is relatively low. Thus, MBSCPL has a relatively high diver-
sity index.

Based on the SACs, land snail community assemblage showed a § -dominated pattern in
MBSCPL that is characterized by late asymptotes. A  -dominated pattern means that fewer
quadrats and individuals were needed in order to capture the entire species diversity. This
indicates that many species can be found in a relatively small area and that these species are
interactive. This also suggests that the sampling sites were saturated, niche assembled, and
locally rich. Although the completeness ratio in MBSCPL is relatively high (0.83), the sam-
pling is not enough as the asymptote graph is still going upward. This means that more spe-
cies can be sampled in the study site. To capture the total diversity, more quadrats (~ 40) and
individuals (~ 950) were needed in order to attain a completeness ratio of 1. Furthermore,
sampling for two periods with increased sampling effort can potentially increase the total
diversity of land snails for this study. Nonetheless, the sample-based and individual-based
SACs in the study site showed a relatively high completeness ratio.

Aside from the ecological requirements of land snails, the abundance of predators,
poaching for food and shell trades, and habitat destruction will eventually lead to the ex-
tinction of these economically important species (Solem, 1984; Schilthuizen and Rutjes,
2001; de Chavez and de Lara, 2011). Land snails serve as a food source for small mammals,
amphibians, reptiles, birds, arthropods, and humans (Sen et al., 2012; Rosales et al., 2020).
In Mt. Banahaw, certain species are locally consumed such as R. otaheitana an edible native
species, locally known as bayuko in Laguna and bikuyo in Quezon provinces. The same spe-
cies was also consumed in Mt. Makiling (de Chavez and de Lara, 2011). Despite the local
consumption, it was still the most abundant snail in Mt. Banahaw. Gonzalez et al. (2018)
proposed the status of this helical snail, R. otaheitana, to be vulnerable (VU) species that
were threatened with global extinction. Justifications included were this snail was known
only from extremely limited range and habitat, known from limited distribution, prone to
poaching and illegal trade, and known from localities under severe threat or with high hu-
man disturbance. In Cebu Island, an arboreal endemic land snail Helicostyla daphnis locally
known as takyong was also consumed by locals. It was exploited for food and shell trades in
a municipality in North Cebu (Funesto and Flores, 2017). Others claimed that it has relieved
respiratory and allergy-related ailments like asthma. It was also seemed to be a good source
of stamina and energy, others considered it as an aphrodisiac (Funesto and Flores, 2017).
Similar to R. ofaheitana, the H. daphnis was also proposed status to be vulnerable in Philip-
pine faunal conservation (Gonzalez ef al., 2018).

Tropical forest ecosystems serve as habitats for land snails. Many native species of Phil-

ippine land snails were abundant in forest ecosystems than in plantations (de Chavez and
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de Lara, 2011). Moreover, endemic land snails are more diverse in intact and undisturbed
forests (de Chavez and de Lara, 2011). Deforestation has been attributed to slash and burn
farming, mining, and forest conversion into non-forest uses such as road construction, hu-
man settlement, and conversion into built-up areas. Also, natural calamities, logging (both
legal and illegal), charcoal making, and timber poaching are also included (Carandang et al.,
2013). The continued exploitation of natural resources causes the decline in the country’s
biodiversity which includes land snails. Land snails are prone to natural and anthropogenic
disturbance due to their extremely limited mobility and dispersal. They serve as good eco-
logical indicators of rainforest biodiversity (Baur and Baur, 1998; Uy et al., 2018). Thus,
this study suggests the inclusion of land snails in science-based management plans for the
protected area for their protection and conservation to prevent population decline and ex-
tinction. Strict guidelines should also be implemented to prevent unregulated harvesting,

poaching, and shell trades of endemic species.

CONCLUSION

This study suggests high malacofaunal diversity in Mt. Banahaw. Native land snails
are good indicators of undisturbed habitats. Moreover, it is highly recommended to include
land snails in management plans for their protection and conservation to prevent population
decline and extinction. Strict guidelines should also be implemented to prevent unregulated
harvesting, poaching, and shell trades of endemic species. Eradication of invasive species
should also be included.
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