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Abstract. Odonata (dragonfly and damselfly) are important predators of disease vectors and agricultural
pests. They are also useful as bioindicators of freshwater ecosystems due to their sensitivity to
anthropogenic change. This study was conducted to assess the species composition of Odonata in the
vicinity of Bolyok Falls in Brgy. Lubilan, Naawan, Misamis Oriental, Philippines. Field sampling was
conducted in three sampling sites on March 9, 2019, using sweep netting and hand-picking methods. A
total of nine species were identified belonging to seven families and seven genera of Odonata.
Risiocnemis appendiculata was the most abundant Odonata species. The endemism is high at 77.78%
with six species endemic to the Philippines and one endemic to Mindanao. The overall species diversity
index of Bolyok Falls is very low at H' = 1.59. Identified threats of odonates include land clearing for
agriculture and expansion of resort facilities near the sampling sites. The high levels of endemism
indicate that the area is vital for odonates. Thus, the formulation of mitigation measures for conservation
and preservation of species is needed in the area.
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Introduction. Odonata play a vital role in the ecosystems. They are good bioindicator of
freshwater habitats due to their ecophysiological adaptations that enable them to occupy
different aquatic ecosystems (Benazzouz et al 2009; Mendes et al 2015; Vincy et al
2016; Abdul et al 2017). The species assemblages of dragonflies are also useful indicator
of habitat degradation as a result of anthropogenic activities (Corbet 1993). For instance,
generalist species of Odonata dominated in human-altered habitats with wide habitat
preference and distribution. In contrast, specialist species were found in undisturbed
riparian vegetation with a narrow distribution. Moreover, they also act as an important
biocontrol agent of harmful insects, such as mosquitoes and other blood-sucking flies
(Subramanian 2005; Seidu et al 2018).

At present, there are about 6400 species of Odonata described worldwide (Shah &
Khan 2020). In the Philippines, there are about 300 known species of Odonata with a
high percentage of endemic species, especially in Zygoptera which have a very limited
range (Hamalainen 2004). Moreover, several ecological studies have been conducted on
Odonata in different areas of Mindanao that generates voluminous inventory and
diversity data: in Mt. Hamiguitan Wildlife Sanctuary, Davao Oriental with 31 species
(Villanueva & Mohagan 2010; Medina et al 2018); in Diomabok Lake, Davao Oriental with
56 species (Villanueva 2011); in Buru-un, lligan City and in Plaridel, Misamis Occidental
with 26 species (Aspacio et al 2013); in Sinacaban, Oroquieta, and Ozamiz in the
province of Misamis Occidental with 22 species (Mapi-ot et al 2013); in freshwater
systems of Aurora, Tukuran, and Lakewood in Zamboanga del Sur with 36 species
(Cayasan et al 2013); in Lanuza and San Agustin, Surigao del Sur with 49 species (Quisil
et al 2013); in Wato Balindong and Pualas, Lanao del Sur with 46 species (Malawani et al
2014); in four barangays of Samal island with 31 species (Medina et al 2015a); in Mainit
Hot Spring Protected Landscape in Compostela Valley Province with 41 species (Medina et
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al 2015b); in Bega Watershed, Prosperidad, Agusan del Sur with 27 species (Nufieza et al
2015); in Mts. Pinukis and Gimamaw, Zamboanga del Sur with 35 species (Yuto et al
2015); in Sultan Naga Dimaporo, Lanao del Norte with 13 species recorded (Yapac et al
2016); and some species reported were new records in the islands of Mindanao.

Furthermore, twelve new species belonging to the family Coenagrionidae were
described from different islands of the Philippines (Villanueva & Dow 2014; Villanueva &
Dow 2019). This indicates that more studies are needed to document the extent of
diversity and distribution of Odonatofauna in Mindanao. Hence, this study was conducted
to determine the species diversity and distribution of Odonata in the stream of Bolyok
Falls, barangay Lubilan, Misamis Oriental, Philippines.

Material and Method

Description of the study sites. Odonata specimens were collected from three sampling
sites (upstream, midstream, and downstream) along the vicinity of Bolyok Falls, located
within the coordinates 8°24'46.54"N, 124°23'57.14"E and an elevation range from 250 to
300 meters above sea level (masl) in Sitio Mahangub, barangay Lubilan, Naawan,
Misamis Oriental (Figurel).
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Figurel. The location of Bolyok Falls, Brgy. Lubilan, Naawan, Misamis Oriental, Philippines.
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Sampling Site 1 (upstream) is located near Bolyok Falls. The slow-moving water flows
continuously in the narrow stream channel. There are small pools formed in some parts
of the stream channel. This site has a closed-canopy and notable abundance of
Schismatoglottis species of the family Araceae. The species of bamboo are also common
along the trail and in the proximity of the stream channel.
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Sampling site 2 (midstream) is surrounded by a remnant of a secondary forest
with vegetation cover along the rolling sides of the stream that provide shades. The most
abundant ground cover includes ground ferns and Schismatoglottis sp. It has an open-
canopy area and flat terrain where a man-made trail is visible. Also, the continuously
slow-moving water is one of the distinct features of this site.

Sampling site 3 (downstream) is near the resort facility. The most abundant
shrubs along the stream channel are “bugang” (Saccharum sp.), “hagonoy”
(Chromolaena odorata) and wild sage (Lantana camara). The trees along the stream
channel provide shade on the riparian area. The flow of water is very slow due to the
presence of boulders on the stream.

Collection and identification of specimens. Field sampling was conducted on March
9, 2019 for a total of 16 person-hours. Opportunistic sampling, sweep netting, and hand-
picking were employed to collect samples. Specimens directly identified in the field were
released after photographed. All collected specimens were placed in a triangular glassine
paper and stored in plastic box containing a naphthalene ball. The collected samples were
then preserved in acetone: 12 hours for damselflies and 24 hours for dragonflies and
then air-dried. Specimens were initially identified using published references of Philippine
Odonata and verified by the third author.

Statistical analysis. Diversity indices, Analysis of Variance (ANOVA), and similarity
percentage (SIMPER) for the Log (x+1) transformed abundance data was performed
using the software Primer 7 ver.7.0.17. SIMPER was used to examine the species that
contribute to the similarity pattern in species between sampling sites. The Shannon index
of diversity was interpreted using the Fernando biodiversity scale wherein an index
values less than 1.99 is very low, values between 2.00 and 2.49 is low, between 2.50
and 2.99 is moderate, between 3.00 and 3.49 is high, and greater than 3.50 values
indicate a very high diversity. Furthermore, evenness index values between 0.05-0.14 is
very low, between 0.15 and 0.24 is low, between 0.25 and 0.49 is moderate, between
0.50 and 0.74 is high, and index values between 0.75 and 1.00 is very high (Fernando
1998). Moreover, Analysis of Variance (ANOVA) was used to examine whether or not
there is a difference in index of diversity between sampling sites along the stream of
Bolyok Falls.

Results and Discussion. One hundred thirty-nine individuals were collected from three
sampling sites along the stream of Bolyok Falls in Barangay Lubilan, Naawan, Misamis
Oriental (Table 1). A total of nine species (including 1 morphospecies) were identified
belonging to seven genera and representing seven families of Odonata. Risiocnemis
appendiculata (38.13%) and Rhinocypha turconii (33.09%) were the most abundant
species recorded in all sampling sites. The R. appendiculata is a forest specialist which
prefers forested habitats, while R. turconii prefers less disturbed habitat (Villanueva
2009). Despite of the observed anthropogenic activities in the area these species were
able to thrive in those habitats. The species of Odonata developed physiological and
morphological adaptation as a result of disturbances in order to endure the deterioration
in the habitat quality (Abdul et al 2017).

Figure 2 shows the species composition by families of Odonata. Both
Platycnemididae and Chlorocyphidae families were common in all sampling sites
(downstream, midstream, and upstream). Most species belonging to family
Platycnemididae and Chlorocyphidae are habitat-specific, that is, they prefer to thrive in
a habitat that is suitable for proper physiological functioning, and hence their distribution
is aggregated (Horak et al 2010; Koli et al 2015).

Moreover, 66.67% of the species recorded in three sampling sites are Philippine
endemic and 11.11% are Mindanao endemic species (Table 1). These include: Cyrano
unicolor, Risiocnemis appendiculata, Diplacina bolivari, Rhinocypha turconii, R. colorata,
Vestalis melania, and Prodasineura integra.
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Table 1
Species composition, relative abundance and distribution of Odonata in Bolyok Falls

Sampling sites R.A.
Taxon Downstream Midstream Upstream Total (%)
Suborder: Anisoptera
Libellulidae
Diplacina bolivari & 3 2 0 5 3.60

(Selys, 1882)

Suborder: Zygoptera
Platycnemididae
Risiocnemis appendiculata 4 31 18 53 38.13
(Brauer, 1868)
Chlorocyphidae

Rhinocypha turconii & 14 11 21 46 33.09
(Selys, 1891)

Cyrano unicolor ¢ 0 3 0 3 2.16
(Selys, 1869)

Rhinocypha colorata ™ 0 4 0 4 2.88

(Hagen in Selys, 1869)
Calopterygidae
Vestalis melania ™ 0 3 13 16 11.51
(Selys, 1873)
Coenagrionidae
Agriocnemis femina °© 0 4 0 4 2.88
(Brauer, 1868)
Protoneuridae
Prodasineura integra ™ 0 5 0 5 3.60
(Selys, 1882)
Platystictidae

Drepanosticta sp. 3 0 0 3 2.16
Total no. of individuals 24 63 52 139
Total no. of species 4 8 3 9
Relative abundance (%0) 17.27 45.32 37.41 100
Total no. of endemic 3 7 3 7
Endemism 75 87.50 100 77.78

Legend: R.A. = relative abundance; ME = Mindanao endemic; O = Oriental; PE = Philippine endemic.
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Figure 2. Species composition based on families of Odonata in Bolyok Falls, Naawan,
Misamis Oriental.
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The highest endemism was recorded in the upstream sampling site, where all
species are 100% endemic. Endemic species usually dwell on a specific habitat where the
basic resources are readily available to support their physiological needs. In Odonata, the
presence of aquatic habitat, type of substrate and organic matter, and food availability
are very important in both larval and adult odonates (Scheffer et al 1984; Corbet 1999;
Che Salmah et al 2005). Also, the success of larval development requires suitable
physico-chemical characteristics of the aquatic habitat (Johansson & Suhling 2004).

Furthermore, the result of this study supports previous findings that endemism of
Odonata increases in forested areas, less disturbed habitats, presence of shaded areas
along the stream and aquatic vegetation, and pristine waters (Mapi-ot & Enguito 2014;
Harisha & Hosetti 2017; Luke et al 2017; Seidu et al 2017). On the other hand, results of
Similarity Percentages (SIMPER) analysis showed that the average similarity between
sampling sites based on the Bray-Curtis similarity measure is 54.61% (Figure 3). The
observed similarities were due to R. turconii (44.32%) and R. appendiculata (42.38%)
that contribute the most to the group/species similarities of the three sampling sites
(Table 2). This indicates that the observed relatively abundant species R. turconii and R.
appendiculata influence the similarity values between sampling sites. Also, there were
species found restricted only on a particular sampling site: Drepanosticta sp. in sampling
site 1 (downstream); Cyrano unicolor, Rhinocypha colorata, Agriocnemis femina, and
Prodasineura integra in sampling site 2 (midstream). These species are known to inhabit
relatively pristine water systems (Caparoso et al 2016). In this study, despite of the
observed disturbances in sampling site 1 (downstream) and sampling site 2 (midstream)
noteworthy species were able to thrive in the area. This indicate that these species
demonstrate tolerance to anthropogenic disturbances as a result of alteration of the
structure of the landscape that favor certain groups of species, depending on their
habitat preferences and on their behavioral and physiological characteristics (da Silva
Monteiro Janior et al 2015).
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Figure 3. Cluster analysis using Bray-Curtis similarity (Primer ver.7.0.).

Table 2
Resuls of SIMPER species contribution (Primer ver.7.0.)
. Ave. Ave. T Contribution  Cumulative
Species abundance similarity Similarity/SD % %

Rhinocypha 3.57 24.20 3.25 44.32 44.32
turconii

Risiocnemis 3.45 23.15 6.57 42.38 86.70

appendiculata

Vestalis 1.67 4.10 0.58 7.50 91.24
melania

Diplacina 1.34 3.16 0.58 5.79 100.00
bolivari
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Table 3 shows the calculated Shannon diversity index (H’) for each sampling site
and the overall diversity index for all sampling sites. Overall, the stream flowing from
Bolyok Falls has a very low index of diversity at H' = 1.59 and high evenness index at E
= 0.55. Moreover, a comparison between sampling sites showed that site 2 (midstream)
has higher diversity index than site 1 (downstream) and site 3 (upstream). Furthermore,
eight species were recorded in site 2 and 50% of which were not documented in other
sampling sites. Sampling site 2 is surrounded by a remnant of secondary forest with
vegetation cover along the rolling sides of the stream that provide shades.

Table 3
Species diversity indices in three sampling sites of Bolyok Falls, Naawan, Misamis Oriental

Sampling sites

Diversity indices : Overall
Downstream Midstream Upstream
Species 4 8 3
Dominance 0.40 0.29 0.35 0.27
Shannon (H’) 1.13 1.60 1.08 1.59
Evenness (E) 0.78 0.62 0.98 0.55

The continuously slow-moving water is one of the distinct features of site 2. It has an
open-canopy area and flat terrain where a man-made trail is visible. This might explain
the higher diversity index in site 2 than in site 1 and site 3. This could also be associated
to the species habitat preference as reported in previous studies on Odonata that some
species prefer a habitat (e.g. pristine) that can support the physiological requirements for
its survival (Hof et al 2006). On the other hand, results of Analysis of Variance (ANOVA)
found no significant difference in index of diversity between sampling sites along the
stream of Bolyok Falls.

Conclusions. In this study, the high endemism of Odonata indicate that the streams of
Bolyok Falls are considerably in good condition. This was demonstrated by the
aggregated distribution of identified indicator species Risiocnemis appendiculata,
Rhinocypha turconii, and Vestalis melania in all sampling sites. Furthermore, increasing
sampling effort is recommended in future studies in the area in order to generate more
comparative results with other studies on Odonatofauna in Bolyok Falls and its
neighboring aquatic ecosystems.
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