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Abstract. Introduction: Forest frogs that undergo direct development (no tadpole stage) rely
heavily on moist microhabitats for their survival. Objective: To describe the abundance and
microhabitat use and some aspects of the breeding behaviour of the threatened forest frog
Platymantis hazelae in a tropical reserve. Methods: From September 2016 to February 2017, we
surveyed Platymantis hazelae using 27 (400 m2) plots in Twin Lakes Balinsasayao-Danao Natural
Park in Negros Oriental, Philippines. We measured 14 environmental variables for a principal
component analysis (PCA). Results: Mean density was 30.56 ± 6.94 to 86.11 ± 15.65 ind./ha, the
species was more abundant in higher moist habitats, and we found it mostly in Screwpine
(Pandanus) leaf axils and leaves (51.56 %), followed by palm leaves (14 %). We present images
and descriptions of oviposition and froglets. Conclusions: P. hazelae was abundant in the fresh
and moist sub-montane and montane zones where microhabitats (e.g. screwpines) remain
abundant.
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The genus Platymantis is highly diverse, with 45 known species found in the Philippines, Palau,
Fiji, New Guinea, and in the Admiralty, Bismarck, and Solomon Islands (Brown, Siler, Richards,
Diesmos, & Cannatella, 2015). In the Philippines, dozens of newly discovered species, including
many members of Platymantis, await formal description (Brown & Diesmos, 2009). Diesmos,
Alcala, Siler, and Brown (2014) recently summarized many of these discoveries (e.g., P. biak) and a
new phylogenetic hypothesis has been proposed for this group (Brown et al., 2015).
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Alcala (1962) conducted extensive observations on the breeding behaviour of Philippine frogs
(including Platymantis hazelae Taylor, 1920), including life history and microhabitat use (e.g. leaf
axils of screw pines), as well as oviposition sites; he also provided morphological description of the
species’ embryos and froglets. P. hazelae has been known as nocturnal, sexually dimorphic (males
slightly smaller, 21.8-28.2 mm SVL, with vocal sacs; females 26.2-5.2 mm SVL), and juveniles
below 20 mm SVL (Alcala, 1962a, 1962b; Smith, 1990).
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paper was to describe the abundance and spatio-temporal distribution of P. hazelae
based on a six-month survey during the rainy season (September 2016 to February 2017) in three
forest zones (montane, sub-montane, and lowland). We also described some aspects of the species’
breeding behaviour and characters of embryos and developing froglets.
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MATERIALS AND METHODS

Study site: The forests surrounding the Twin Lakes of Balinsasayao (Fig. 1) and Danao in Negros
Oriental, Philippines, form part of an extensive tropical rainforest ecosystem within the
133 000 half the geothermal reserve of the Energy Development Corporation (formerly Philippine
National Oil Company, PNOC). The area has an elevation range of ~ 650-900 m.a.s.l. near the lakes
and extends to about 1 750 m.a.s.l. at the highest peak known as “Guinsayawan” towards the
Southwest. A dome-shaped peak known as “Guintabon” is adjacent to the lakes in the North. A
third, much smaller water body, known as “Kabalin-an” Lake, located Northwest of Guintabon has
a maximum water surface area reaching ~3.4 ha in 2014 but reduced to only ~1.3 has during low
rainfall months, notably right after the El Niño phenomenon in 2010.

Fig. 1. Location of the study sites within Balinsasayao Twin Lakes Natural Park (montane sites
indicated by M1-M3, submontane sites by SM1-SM3, and lowland sites by L1-L3). Inset:
Philippine map and the boundaries of Balinsasayao Twin Lakes Natural Park. Map generated
using QGIS® and OpenStreetMap®.
Photographs must be attached in original size and as separate JPG files (100 % quality
compression). Labels must be sharp, in Times font, and proportional to the figure.

Geographic coordinates are written exactly in this abbreviated way:
(10°44'13"-11°00'37" N & 85°34'48"-85°58'51" W).

Three study zones were pre-determined based on the general description by Brown and Alcala
(1961). The geographic coordinates of selected study zones are as follows, montane zone
(10°44'13"-11°00'37" N & 85°34'48"-85°58'51" W), submontane zone (9°22'7.85" N &
123°11'9.92" E) and lowland zone (9°22'20.78" N & 123°11'19.00" E). In each zone, three sites
were selected (where possible with minimal signs of human activities) and marked using a GPS
unit. In each site, three replicate plots of 20 x 20 m were established, each corner marked with a
flagging tape.
Subheadings are in bold, with colon,
and immediately followed by text.

Environmental variables: Within each plot we measured 14 environmental variables, tree density,
tree DBH, canopy cover, leaf litter mass, leaf litter depth, amount of rainfall, air temperature, fern
height, fern density, relative humidity, altitude, tree height, density of palms, and screw pines
(Table 1). Tree height was visually estimated by a trained research staff member while diameter at
breast height (DBH) of each tree was measured using a tape measure. Tree density was expressed as
the total count of individual trees (> 5 cm DBH) per plot and canopy cover was assessed using
Ocular (Visual) Estimation Method, expressed in percent cover. Elevation was determined using a
hand-held GPS unit (Garmin). Rainfall was monitored per site weekly or right after heavy rain
downpour by a local assistant using an improvised rain gauge (10 cm wide cylinder). Air
temperature and relative humidity (RH) as well as temperature and PCA plot was generated using
the ggbiplot package in R platform (R Core Team, 2015). Interpretation of PCA was based on
eigenvalues and projected inertia (%) using the ade4 package (Dray & Dufour 2007). Prior to
multicollinearity test and subsequently PCA, data were log(x+1) transformed to address the
presence of zeros (e.g. zero count of frog) in the dataset (Zar, 1999).
Units use the DECIMAL METRIC SYSTEM
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TABLE 1
Average values of 14 environmental variables measured in each site in the three
forest zones. A, B, and C are sites for each zone

Environmental variables
1. Air temperature (°C)
2. Relative humidity (%)
3. Elevation (m.a.s.l.)
4. Rainfall (mm/hr)
5. Leaf litter wt. (kg)
6. Leaf litter depth (cm)
7. Tree DBH (cm)
8. Tree density
(ind./400m2)
9. Tree height (m)
10. Fern height (cm)
11. Canopy cover (%)
12. Pandanus (ind./400m2)
13. Fern density
(fronds/m2)
14. Palm (ind./400m2)

Lowland

Submontane

Montane

A
22.60
87.58
655
0.49

B
21.94
90.85
700
0.5

C
21.74
86.96
780
0.47

A
21.26
87.52
953
0.73

B
21.59
89.93
930
0.69

C
22.08
88.80
900
0.72

A
18.96
95.21
1350
3.17

B
18.51
96.59
1330
3.15

C
18.38
94.22
1300
2.8

1.42
2.33
10.26
21.67

0.50
2.11
19.46
11.67

0.79
1.74
23.44
10.00

0.99
2.83
21.89
35.00

1.65
2.42
17.98
62.33

1.14
3.03
19.10
62.00

1.39
2.89
20.76
43.00

1.73
3.25
14.07
29.33

1.42
2.67
15.73
29.33

8.06
88.57
28.33
1.00
21.00

11.86
59.36
31.67
0.00
13.33

15.03
41.04
41.67
0.67
15.33

14.57
63.78
73.33
15.00
34.00

16.70
36.28
83.33
7.00
20.33

16.53
23.84
85.67
5.00
15.33

14.85
21.67
50.50
10.00
4.00

12.95
26.67
65.00
8.33
8.00

15.03
47.50
65.00
32.33
10.10

1.67

0.00

0.67

10.00

4.33

9.00

18.00

26.67

33.33

Elevation: Lowland (655-780 m.a.s.l.); Submontane (900-953 m.a.s.l.); and Montane (1 300-1

RESULTS
Abundance and spatio-temporal distribution: Platymantis hazelae was found only in the
submontane and montane zones (Fig. 3, Fig. 4). The species was not found in the lowland sites,
despite intensive search efforts over six months. In the submontane zone, the species was limited to
only one site (Site 1) with densities ranging from 2.78-13.89 ind./ha. In the montane zone, the
species was consistently encountered at 30.56-86.11 ind./ha (±15.65 SE; N = 56). Most individuals
of Platymantis hazelae found were males, except in November (montane zone), December, and
February (submontane zone) (Fig. 4A, 4B). Juveniles of P. hazelae were observed only in
November (montane zone) although outside of the study plots, eggs and embryos of this species
were found in Pandanus leaf axils along the trail going to Guinsayawan (montane zone). Females of
P. hazelae were rarely found, often only detected when pairs were found together.
Figures are cited as separated:
Use (Fig. 3, Fig. 4A, 4B).

N = 56 (N uppercase for sample
number).

Frog abundance and distribution: Table 1 presents the ranges of environmental variables
measured during the study (Table 1). When subjected to principal component analysis (PCA),
among the 14 environmental variables, rainfall, altitude, relative humidity, were positively
correlated with density of P. hazelae (Fig. 5). Similarly, Two-Way ANOVA with repeated
measures over six months on relative humidity (RH) indicated a P < 0.05 for zone, indicating that
zone significantly affects local humidity. However, month did have a significant effect (d.f. = 5, F =
15, P < 0.001), which indicates that the humidity levels recorded at various months are significantly
different (SS = 459.72, df = 5, F = 15, P < 0.001). In addition, we detected a significant interaction
between zone and month (SS = 271.32, d.f. = 10, F = 27.13, P < 0.001), suggesting that the
relationship between month and RH depends on the identity of the area (zone) sampled (Table 2).
The word Figure is abbreviated to
“Fig.”; “Table” starts with upper case.

The letters P, F, etc always in uppercase.
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DISCUSSION
The discussion must be brief, follow the same order of the results, and
compare your results with previous literature. Analyze only general
results: do not cite tables or figures here.
It should be pointed out that unlike the previous studies (e.g. rapid assessments on frog abundance
by Amoroso et al. (2014), which relied only on male calls), this study quantified frog abundance by
intensive searches within repeatedly visited study plots. Our abundance data are based on subjects
either captured or directly observed by investigators. We consider our data more comprehensive,
compared to previous surveys involving only counts of males detected by advertisement calls and
multiplied by the factor of 2 (assuming 1:1 sex ratio), which Alcala and Alcala (2005) suggested
might result in overestimating the actual number of individuals.
Platymantis hazelae was found only in the submontane and montane zones and was not
microhabitats such as screwpines (Pandanus) and palms. While we documented a male sitting on
top of an egg clutch, suggesting male-guarding behaviour, there is a need to conduct more
observations. Observations of its breeding behavior suggest an extended embryonic period. We also
noted dependence of newly metamorphosed juveniles on phytotelmata microhabitats.
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RESUMEN
The Resumen (Spanish Abstract) has the same structure of the
Abstract. If you are not fluent in Spanish, journal staff will translate it
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Abundancia y uso de microhabitat por parte del sapo Platymantis hazelae (Anura:
Ceratobatrachidae). Introducción: las ranas de bosque que se desarrollan directamente (sin etapa
de renacuajo) dependen en gran medida de los microhábitats húmedos para sobrevivir. hazelae se
encontró abundante en elevaciones más altas (zonas sub-montanas y montanas) donde la
temperatura ambiente fue generalmente más baja, las precipitaciones y la humedad relativa más
altas y los microhábitats (por ejemplo, screwpines) permanecen intactos y abundantes. Objetivo:
xxx. Métodos: xxx. Resultados: xxx. Conclusiones: xxx.
Palabras clave: anuro; tierras bajas montano; Pandanus; phytotelmata; Platymantis hazelae;
submontane.
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