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Abstract. Lunar phases remarkably influence the circadian cycle of living beings. Early amphibian studies date

back to the 1960s, but only recently has more research been conducted in this field. Much still needs to be
understood to establish the behavioral pattern of this group according to the synodic cycle. In the present study,
we sought to determine (i) whether the vocalization activity was influenced by the lunar phases and (ii) whether
the influence was species-specific or affects the community with equal intensity. We expected a great diversity
of behaviors and adaptations. Rayleigh’s test was used to verify whether the sample differs significantly from
the null hypothesis; Rao’s test was used to check sample size sufficiency; and the Kiviat diagram was used to
evaluate the activity of the species in relation to the complete synodic cycle. We have observed 1691 individuals
of 37 species over 882 d. The lunar cycle influenced 78 % of the species, with 32 % preferring the lower-albedo
phases. The activity pattern of each species was established. These results suggest that the lunar phases influence
the vocalization activity of most species. Therefore, there is a general pattern of activity related to the synodic
cycles; however, the specificities still need to be better understood.

1

Introduction

The relationship between species and environment and the
species’ biological or circadian cycle determine the behavior
of populations and communities in an intricate association
between endogenous and exogenous cycles, which directly
influence the reproduction, foraging, dispersion, and migration periods of the species (Margalef, 1983; Zimecki, 2006).
Biological cycles are believed to have concomitantly evolved
with Earth’s geological history and have since been refined
by the selective pressures of the environment, increasing the
fitness of the organisms (Paranjpe and Sharma, 2005).

Among the circadian cycles of animal activity, related to
the photoperiod, we can highlight the lunar cycles (Neto,
1976). Animals in general present circadian cycles subject
to environmental influence that leads to the release of neurohormones triggered by the electromagnetic radiation and
the gravitational force of the moon. These forces may affect
the reproductive cycle of complex organisms such as humans
(Zimecki, 2006). The effects of the moon on vertebrates and
changes in the vertebrates’ behaviors have already been reported in fish (Oncorhynchus kisutch; Farbridge and Leatherland, 1987), birds (Bubo virginianus), and mammals (Vespertilionidae bats) (Parsons et al., 2003). In anurans, there are
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studies about the lunar influence from 1960 (Church, 1960a,
b) through 2019 (Henrique and Grant, 2019). However, our
knowledge remains incipient in this regard.
There are several theories on interrelations that could influence the activity of anuran amphibians regarding the lunar
cycle (Grant et al., 2012), for example, the highest risk of
predation during the full moon (Rand et al., 1997); reproductive synchronicity, mainly in explosive breeding species
(Church, 1960a, 1961); the favoring of species that communicate with visual signals, in addition to bioacoustics (Sazima
and Caramaschi, 1986; Hödl and Amézquita, 2001); facilitation in foraging; and spatial orientation (Longcore and Rich,
2004). Some of the older studies on lunar influence on anurans indicated that ovulation in many tropical species is directly linked to the lunar cycle (Church, 1960a, 1960b, 1961),
whereas synchronism of vocalization of some species, such
as Smilisca sila (Hylidae), and clarity of moonlight are related to the prey–predator condition (Tuttle and Ryan, 1982).
Other studies have shown that luminosity is an important determinant in the reproduction of some anuran species: Engystomops pustulosus (Baugh and Ryan, 2010), Hyla intermedia, and Rana dalmatina (Vignoli and Luiselli, 2013). The
movement of Leptodactylus latrans (Henrique and Grant,
2019) and its phenology (Grant et al., 2009) were influenced
by the synodic cycle, which also influences the migration of
Bufo bufo during spring and the species’ reproductive period
(Arnfield et al., 2012).
However, there is an agreement among these authors that
the data have not yet shown sufficient robustness to establish
the behavioral pattern of anurans with respect to the lunar cycle. Thus, in the present study, we seek to answer (i) whether
the vocalization activity is influenced by the lunar phases and
(ii) whether the influence is species-specific or affects the
community with equal intensity. Hypothetically, due to the
large diversity of anurans found in the neotropical region,
similar behaviors and adaptations should be present; however, the expected patterns of influence of the synodic cycle on vocalization activity of most species should match the
findings in the revision of Grant et al. (2012), where 63 % of
the species were influenced by the moon phases, 22 % were
unaffected, and 15 % had ambiguous responses.

(ICMBio, 2020). The location is in the eastern area of the
southern region of the Mantiqueira Mountains (Gatto et al.,
1983). The phytophysiognomy of the upper Preto River is
dominated by the Atlantic ombrophilous dense forest and
mixed ombrophilous forest merged with anthropic open pastures. The upper Rio Grande basin is dominated by mixed
ombrophilous forest, montane forests at higher altitudes,
and a large proportion of anthropic open pastures (Gatto
et al., 1983). Inside these basins, all accessible reproductive environments were sampled (most of them flooded areas
with ruderal vegetation, permanent ponds, rivers, streams,
bromeliads, and leaf litter of the forests).

2
2.1

Material and methods

2.2

Sample design

The anuran sampling was performed through active visual
and auditory search (Lima and Pederassi, 2015). Field observations were carried out, bi-monthly, between December 2014 and April 2017, in each of the hydrographic basins.
In the sampling, the temporal pattern of the acoustic activity of each species was recorded to characterize a possible
relationship with the lunar synodic cycle.
The sampling was conducted mainly at night between
18:00 and 01:00 BRT. Nevertheless, whenever a species was
heard being active, that activity was added to the data. During sampling, the time pattern of vocalization of each species
was monitored to characterize its possible relationship with
the lunar synodic cycle. For those cases where the choruses
were produced by an uncountable number of individuals, we
set the maximum number of individuals to 20 for the analysis. This value represents only the minimum number of individuals in vocalization activity, and whenever used, indicates
reproductive activity in choruses with countless individuals.
2.3

Statistical and ecological analyses

For uniformity and accuracy of the sampling period, calendar days were converted into Julian days, according to
Costa (2000). Thus, the days were considered with intervals
from noon to the next noon, disregarding time intervals of
weeks, months, and years; thus, the sampling corresponded
to 882 Julian days (JDs). The Julian day values were converted into degrees using the formula JD × 360/365 (Costa,
2000) for use with statistical software.

Study area

The data collection was performed in the hydrographic
basins of the upper Rio Grande (in 20 localities encompassing the coordinates 22◦ 90 2400 S, 44◦ 330 1300 W to 22◦ 90 5900 S,
44◦ 230 4600 W) and upper Preto River (in 18 localities encompassing the coordinates 22◦ 190 3700 S, 44◦ 340 4100 W to
22◦ 90 4600 S, 44◦ 160 47” W) in the municipality of Bocaina de
Minas (22◦ 090 S, 44◦ 230 W), a south-southwest mesoregion
of the state of Minas Gerais, comprising part of the Environmental Protection Area (APA) of Serra da Mantiqueira
Web Ecol., 21, 1–13, 2021

2.4

Circular statistics

Records of vocalization activity associated with the lunar synodic cycle were analyzed by circular statistics
(Batschelet, 1981; Jammalamadaka and SenGupta, 2001) using Oriana 4.02 software. The new moon was chosen as the
azimuth zero, and the direction of angles was the modulus
time. Thus, the full moon lies in the azimuth of 180◦ , the
crescent moon is between 45 and 135◦ with the first quarter at 90◦ , and the waning moon is between 225 and 315◦
https://doi.org/10.5194/we-21-1-2021
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Figure 1. (a) Vocalization activity of the sample consisting of N = 1691 individuals of 37 species and distribution of the respective synodic

cycles throughout the sampling period. (b) Kiviat diagram in von Mises distribution revealing the relationship between the anuran activity
and the lunar cycle. The dashed line represents the relative value of active specimens.

with the third quarter at 270◦ . To show the results, the quadrants were established in a way to maintain the new moon
between 315 and 45◦ in the first quadrant, the first quarter
between 46 and 134◦ in the second quadrant, the full moon
between 135 and 225◦ in the third quadrant, and the third
quarter between 226 and 314◦ in the fourth quadrant. The
mean vector (µ) and its length (r) were generated by the Oriana software through vectorial algebra. The mean vector (µ)
establishes the mean location of the peak occurrence of the
anuran species concerning the lunar influence, whereas the
length of the mean vector (r) was generated to determine the
unidirectionality. In other words, the mean vector (µ) indicates the mean tendency of directedness and the length of the
mean vector (r) measures the angular dispersion. A zero (no
length) means uniform dispersion, and 1 (total length) means
absolute concentration in one direction (one-sidedness). If r
is sufficiently large, the null hypothesis can be rejected in
favor of unidirectionality (Batschelet, 1981). Rayleigh’s test
(Z) was applied to verify whether the sample differed significantly from the null hypothesis so that there is statistical
evidence of unidirectionality, meaning that there is statistical evidence of directedness or one-sidedness as suggested
by the generated mean vector (Batschelet, 1981). The value
is considered unidirectional for Z ≥ Z(α) and a standardized
value of 6.62, with n−1 degrees of freedom, Z being the calculated value, and Z(α) being the standardized value. Rao’s
spacing test (U ) was used to verify sample size sufficiency
and to determine the pairs (moon phase and anuran activity)
that tend toward randomness, to allow the establishment of
the unidirectionality between the anuran and moon variables.
The value is considered random for U < U (α) and a standardized value of 164.8, with n − 1 degrees of freedom, U
being the calculated value, and U (α) being the standardized
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value. When there are insufficient data to meet the corollary
of the test, the sample is considered insufficient (IS).
2.5

Kiviat diagram

The Kiviat diagram was used, through the von Mises distribution, to evaluate the performance of species with respect to the complete synodic cycle (Kolence and Kiviat,
1973), whose radial axis in a circumference represents the
29 d arranged on the maximum perimeter of the radial axis,
(C = 2π r, where π = 3.14 and r is the radius). The center
of the circle is represented by zero percent, and successively,
the frequencies of individuals per species are arranged for
each sequential perimeter.
3

Results

We have recorded vocalization activity in 1691 individuals
of 37 species belonging to the families Brachycephalidae (2
spp.), Bufonidae (1 sp.), Centrolenidae (2 spp.), Hylidae (20
spp.), Hylodidae (1 sp.), Leptodactylidae (6 spp.), Microhylidae (2 spp.), and Odontophrynidae (3 spp.). The vocalization activity of all 1691 individuals exhibited a unidirectional
trend, forming an angle of 358◦ (Fig. 1a). This corresponds
to a trend in vocal activity during the moon phases of lower
albedo (quadrant I). The sample size tests (U = 245.9) and
absence of randomness (Z = 356.8) were significant with
p = 0.01 and n − 1 degrees of freedom.
The results were validated by the Kiviat diagram through
the von Mises distribution (Fig. 1b) for a synodic cycle of
29 d, whose distribution presents the highest absolute frequency of species. Clockwise, the new moon is between the
1st and the 7th day (maximum 20 %–minimum 17 %), the
crescent moon is between the 8th and 15th day (maximum
Web Ecol., 21, 1–13, 2021
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Table 1. Species with random vocalization activity throughout the moon cycle whose sample size was insufficient. RS = random sample; IS

= insufficient sample.

Species
(sample)
Aplastodiscus perviridis (6)
Dendropsophus microps (3)
Dendropsophus elegans (2)
Dendropsophus seniculus (5)
Elachistocleis cesarii (2)
Rhinella icterica (4)
Scinax sp. (1)
Vitreorana eurygnatha (2)

Mean
vector (µ)

Length
of mean
Z vector (r)

Z ≥ z (α)
tabulated 6.62
Rayleigh’s
test (Z) 27.87

U < U (α)
tabulated 164.8
Rao’s spacing
test (U ) 322.759

140◦
0◦
24◦
288◦
96◦
352◦
156◦
0◦

0.924
1
0.309
1
1
1
1
1

2.6RS
1.0RS
0.2RS
5.0RS
3.0RS
4.0RS
1.0RS
2.0RS

IS
IS
IS
288∗
IS
IS
IS
IS

∗ Sufficient sample.

Figure 2. Species with sufficient sample size, characterized by randomness of behavior in the synodic cycle: (a) Leptodactylus jolyi and

(b) Proceratophrys melanopogon.

20 %–minimum 12 %), the full moon is between the 16th and
22nd day (maximum 16 %–minimum 7 %); and the waning
moon is between the 23rd and 29th day (maximum 20 %–
minimum 17 %). Therefore, lunar phases of lower albedo
were positively related to the activity of anuran species.
The 37 species were individually evaluated for the significant value of the sample, to test randomness (Z) and unidirectionality (U ). In the eight species Aplastodiscus perviridis, Dendropsophus elegans, D. microps, Elachistocleis
cesarii, Rhinella icterica, Scinax sp., and Vitreorana eurygnatha, the Z test showed random behavior and the U test
showed insufficiency to determine unidirectionality. In the
species Dendropsophus seniculus, the Z test indicated randomness, whereas the U test showed unidirectionality (Table 1).
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Two species had sufficient sampling size and were considered to have random behavior (Table 2). Leptodactylus jolyi
presented random behavior, and its activity vector (r = 58 %)
was aligned with the lunar cycle interval between the new
moon and the first quarter at 21.9◦ (Fig. 2a). Proceratophrys
melanopogon presented random behavior, and its activity
vector (r = 71 %) was aligned with the lunar cycle interval
between the third quarter and the new moon at 336◦ (Fig. 2b).
The other species are distributed according to their mean
vector (µ) of activity in the four quadrants that are presented
below:
– Quadrant I. Twelve species presented a non-random
unidirectional distribution in the polar axis between 315
and 45◦ under the influence of the lunar synodic cycle
from the waning crescent and waxing crescent (lower
albedo) (Table 3, Fig. 3a–l).
https://doi.org/10.5194/we-21-1-2021
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Figure 3. Species with unidirectional behavior in quadrant I of the polar axis (315–45◦ ) clockwise, under the influence of the synodic cycle

between the waning crescent and waxing crescent (lower albedo): (a) Aplastodiscus albofrenatus, (b) A. arildae, (c) Dendropsophus minutus,
(d) Ischnocnema parva, (e) Leptodactylus furnarius, (f) L. fuscus, (g) Odontophrynus americanus, (h) Physalaemus cuvieri, (i) S. duartei,
(j) Scinax aff. hayii, (k) S. crospedospilus, and (l) Vitreorana uranoscopa.

https://doi.org/10.5194/we-21-1-2021
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Table 2. Species with sufficient sample size and characterization of random behavior in the synodic cycle; n − 1 degrees of freedom and

p = 0.01. RS = random sample.

Species
(sample)
Leptodactylus jolyi (19)
Proceratophrys melanopogon (22)

Mean
vector (µ)

Length
of mean
Z vector (r)

Z ≥ z (α)
tabulated 6.62
Rayleigh’s
test (Z) 27.87

U < U (α)
tabulated 164.8
Rao’s spacing
test (U ) 322.759

22◦
336◦

0.58
0.71

6.4RS
2.0RS

164.3RS
150.0RS

Table 3. Species with non-random unidirectional behavior in quadrant I of the polar axis (315–45◦ ) clockwise, under the influence of the

synodic cycle between the waning crescent and the waxing crescent (lower albedo); n − 1 degrees of freedom and p = 0.01.

Species
(sample)
Aplastodiscus albofrenatus (58)
Aplastodiscus arildae (129)
Dendropsophus minutus (43)
Ischnocnema parva (15)
Leptodactylus furnarius (95)
Leptodactylus fuscus (33)
Odontophrynus americanus (103)
Physalaemus cuvieri (62)
Scinax duartei (44)
Scinax aff. hayii (29)
Scinax crospedospilus (94)
Vitreorana uranoscopa (76)

Mean
vector (µ)

Length
of mean
Z vector (r)

Z ≥ z (α)
tabulated 6.62
Rayleigh’s
test (Z) 27.87

U < U (α)
tabulated 164.8
Rao’s spacing
test (U ) 322.759

316◦
318◦
326◦
357◦
41◦
23◦
15◦
38◦
19◦
345◦
24◦
347◦

0.69
0.82
0.49
0.51
0.62
0.74
0.66
0.73
0.61
0.64
0.44
0.72

27.9
28.9
10.3
3.9
39.8
19.2
54.0
35.7
16.4
13.3
27.8
44.7

322.8
302.6
301.4
300.0
332.6
298.3
345.4
312,4
310.9
326.3
330,0
334.9

– Quadrant II. Seven species presented non-random unidirectional distribution in the polar axis between 46 and
134◦ under the influence of the lunar synodic cycle from
the waxing crescent and waxing gibbous (intermediate
albedo) (Table 4, Fig. 4a–g).
– Quadrant III. Two species presented non-random unidirectional distribution in the polar axis between 135 and
225◦ under the influence of the lunar synodic cycle from
the waxing gibbous and waning gibbous (higher albedo)
(Table 5, Fig. 5a–b).
– Quadrant IV. Six species presented non-random unidirectional distribution in the polar axis between 226 and
314◦ under the influence of the lunar synodic cycle from
the waning gibbous and waning crescent (intermediate
albedo) (Table 6, Fig. 6a–f).

4

Discussion

The influence of changes in lunar phases on the behavior of
fauna with nocturnal activity, although expected, is not well
known, because the luminous intensity can vary by up to almost 2 orders of magnitude over a synodic cycle (Campbell
Web Ecol., 21, 1–13, 2021

et al., 2008; Grant et al., 2012). According to Church (1960a)
and Grant et al. (2009), other measures of anuran reproductive behavior such as the amplexus and spawning are related
to the lunar phase. In this study, we have not observed the
amplexus or the spawning but the vocalization activity. The
vocalization activity is closely associated with reproduction,
being used as an indicator of the phenology of the species.
Based on this premise and considering that anurans present
synchronized reproductive periods, with rhythms between
males and females and their vocalizations (Church, 1960a;
Wells, 2007), we hypothesize that the phases of the moon influence this reproductive synchronism, markedly signaled by
the vocalization activity (Wells, 2007). When evaluating the
results, we identified that 32 % of all species are under the
influence of the cycle between the waning crescent (315◦ )
and the waxing crescent (45◦ ) (low-albedo phase) (Table 3,
Fig. 3).
Grant et al. (2009) when studying anurans in Europe (Italy
and the United Kingdom) found divergent results since the
full moon was the most influential moon phase, which corresponds to 180◦ considering the azimuth established in the
present study. Grant et al. (2009) worked in two specific reproductive cycles (2006 and 2007), and their sampling size

https://doi.org/10.5194/we-21-1-2021
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Table 4. Species with non-random unidirectional behavior in quadrant II of the polar axis (46–134◦ ) clockwise, under the influence of the

synodic cycle between the waning crescent and waxing gibbous (intermediate albedo); n − 1 degrees of freedom and p = 0.01.

Species
(sample)
Boana albopunctata (137)
Boana pardalis (9)
Leptodactylus latrans (19)
Pseudopaludicola murundu (35)
Scinax similis (8)
Scinax fuscomarginatus (41)
Scinax squalirostris (43)

Mean
vector (µ)

Length
of mean
Z vector (r)

Z ≥ z (α)
tabulated 6.62
Rayleigh’s
test (Z) 27.87

U < U (α)
tabulated 164.8
Rao’s spacing
test (U ) 322.759

52◦
60◦
80◦
78◦
48◦
72◦
88◦

0.28
0.91
0.76
0.95
0.67
0.54
0.65

12.1
7.4
11.0
36.2
1.8
11.9
20.0

336.9
280.0
272.2
342.0
180.0
307.3
330,0

Table 5. Species with unidirectional behavior in quadrant III of the polar axis (135–225◦ ) clockwise, under the influence of the synodic cycle

between waxing gibbous and waning gibbous (higher albedo); n − 1 degrees of freedom and p = 0.01.

Species
(sample)
Boana faber (78)
Dendropsophus sanborni (63)

Mean
vector (µ)

Length
of mean
Z vector (r)

Z ≥ z (α)
tabulated 6.62
Rayleigh’s
test (Z) 27.87

U < U (α)
tabulated 164.8
Rao’s spacing
test (U ) 322.759

135◦
138◦

0.10
0.47

18.5
16.4

313.8
335.3

included 130 specimens. In the present study, the sampling
period was 882 d occurring between 2014 and 2017, and the
sampling size is N = 1691 specimens from 37 species, which
is sufficient to characterize different results.
Nevertheless, in the present work, two species (B. faber
and D. sanborni) had non-random unidirectional activity
in the phase of higher albedo (135 and 225◦ – Table 5,
Fig. 5), although they showed vocal activity in the loweralbedo phase as well. Six species (D. minutus, L. furnarius,
O. americanus, P . cuvieri, S. crospedospilus, and S. duartei) with preferential activity in lower-albedo phase (315 to
45◦ – Table 3, Fig. 3) also showed activity between 135 and
225◦ (higher albedo). Different strategies were expected considering the richness in local species. With the distinct evolutive history of the species, it was expected for a wide variety of behaviors, concerning moon phases, to have evolved
with some species that are exclusively active in specific moon
phases; others who concentrate their activity in a specific
moon phase but are active in other phases as well; and, finally, some species that exhibit random activity, independently of the moon phase.
Vignoli and Luiselli (2013) found results similar to ours
in Italy, regarding the predominance of activity in a period
of lower albedo, and they characterized the behavior of the
species as a lunar phobia. When analyzing the Kiviat diagram (Fig. 1b) the species of Serra da Mantiqueira could also
receive this classification. According to Fig. 1b, although we
can see a peak of activity during the full moon (180◦ ), the

https://doi.org/10.5194/we-21-1-2021

species’ activity remains at a higher level more constantly
during the darkest phases (270–90◦ ), and this is related to
the greater number of species that take turns in vocal activity during the phases of lower albedo. This reveals a nonrandom pattern of anuran behavior (Bourne and York, 2001).
These results validate the hypothesis that most species are
influenced by the lunar phases.
The activity during the full moon in a higher-albedo phase
may be related to visual behaviors and court displays (Duellman and Trueb, 1994). Guimarães and Bastos (2003), for
example, observed that Boana raniceps (Cope, 1862), which
is not negatively influenced by clear nights of a full moon,
presents visual displays of aggressive behaviors common
among males. The activity may also be related to the regulation of ovulation by lunar phases. Church (1960a) reported that in the Asian bufonid Duttaphrynus melanostictus
(Schneider, 1799), ovulation occurred during or temporally
near the full moon. Activity in the higher-albedo phase could
be related to the greater ease of detecting the approximation
of predators as reported by Tuttle and Ryan (1982) and Tuttle
et al. (1982). Although we have not observed the influence of
cloudy weather, Vignoli and Luiselli (2013) reported no influence of these abiotic data on the lunar-mediated anurans’
behavior.
Considering the results found and that different hemispheres present similar results regarding the lunar cycle
(Grant et al., 2009; Vignoli and Luiselli, 2013), including
lunar phobia, the first hypothesis of the influence of the

Web Ecol., 21, 1–13, 2021
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Figure 4. Species with unidirectional behavior in quadrant II of the polar axis (46–134◦ ) clockwise, under the influence of the synodic cycle

between the waning crescent and waxing gibbous (intermediate albedo): (a) Boana albopunctata, (b) B. pardalis, (c) Leptodactylus latrans,
(d) Pseudopaludicola murundu, (e) S. similis, (f) S. fuscomarginatus, and (g) S. squalirostris.

lunar cycle during the reproductive period of anurans at
Bocaina de Minas can be validated, although further studies are necessary to explain the behavior of each species.
Grant et al. (2012) made an extensive revision concerning
the lunar-mediated behavior of amphibian species. They analyzed predator avoidance, reproductive synchronization, visual signaling, foraging, navigation, orientation, and homing. Although lunar phobia is better explained by predator
avoidance (Clarke, 1983), the anurans’ behavior is speciesWeb Ecol., 21, 1–13, 2021

specific and varies according to their ecology and evolutive
history (Tuttle et al., 1982; Tuttle and Ryan, 1982; Rand et
al., 1997; Grant et al., 2012) and according to the predator’s
strategies to find prey, since most of the predators are not
visually oriented (Tuttle et al., 1982; Vincent et al., 2005).
This highlights that more research focusing specifically on
this point is necessary to elucidate the ecological aspects of
lunar-mediated behavior in anurans.

https://doi.org/10.5194/we-21-1-2021
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Figure 5. Species with non-random unidirectional behavior in quadrant III of the polar axis (135–225◦ ) clockwise, under the influence of

the synodic cycle between the waxing gibbous and waning gibbous (higher albedo): (a) Boana faber and (b) Dendropsophus sanborni.
Table 6. Species with non-random unidirectional behavior in quadrant IV of the polar axis (226–314◦ ) clockwise, under the influence of the

synodic cycle between the waning gibbous and waning crescent (intermediate albedo); n − 1 degrees of freedom and p = 0.01.

Species
(sample)
Boana polytaenia (148)
Hylodes phyllodes (42)
Ischnocnema aff. guentheri (55)
Myersiela microps (43)
Ololygon hiemalis (41)
Proceratophrys boiei (82)

Mean
vector (µ)

Length
of mean
Z vector (r)

Z ≥ z (α)
tabulated 6.62
Rayleigh’s
test (Z) 27.87

U < U (α)
tabulated 164.8
Rao’s spacing
test (U ) 322.759

309◦
307◦
314◦
285◦
253◦
303◦

0.29
0.56
0.69
0.92
0.99
0.87

14.4
13.3
31.1
39.5
34.1
75.9

333.6
317.1
315.7
337.0
329.1
342.0

Insufficient sampling was characterized by the rare nature of the activity of some species in the region during
the sampling period. The rarity of E. cesarii and R. icterica vocalization activity was owing to these species’ explosive reproduction behaviors (sensu Wells, 1977). Bastos et
al. (2003) observed explosive reproduction in species of the
genus Rhinella in the state of Goiás. Dendropsophus seniculus presents opportunistic reproduction after heavy rains
(Bertoluci, 1998), which seems to justify its random pattern
(Z test), although its sampling is sufficient (U test) (Table 1);
i.e., the species’ reproductive activity could be influenced by
the volume of rain regardless of the lunar phase.
Although L. jolyi and P . melanopogon have a prevalence
of vocalization activity during the darkest lunar phase (mean
vector between 315 and 45◦ – Fig. 2), this behavior was
considered statistically random (Z and U tests – Table 2).
Leptodactylus jolyi vocalizes from the ground, in dry and
high places, among the herbaceous vegetation of open areas (Eterovick and Sazima, 2004), whereas the activity of
P . melanopogon is on the ground of forested swamps (Heyer
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et al., 1990). In the present study, P. melanopogon exhibited
explosive reproduction in January, April, August, and December, always in the darkest phases, whereas L. jolyi exhibited prolonged reproduction (sensu Wells, 1977) from October to February, with activity also occurring in clearer phases
(135 to 225◦ ), even if less frequently. These data suggest that
the habitat does not interact with the influence of lunar phases
on the species vocalization activities because the forest habitat, in the case of P . melanopogon, could, owing to shading
of the canopy, negate the effect of the phases of the greater
moon luminosity.
In the first quadrant (315–45◦ , lower-albedo phase) 12
species exhibited non-random unidirectional behavior (Table 3, Fig. 3). These species were observed vocalizing from
open areas on the ground (L. furnarius, L. fuscus, O. americanus, and P . cuvieri,), perched on bushes or ruderal vegetation (D. minutus, S. crospedospilus, S. duartei, and S. aff.
hayii), from leaf litter of forested areas (I . parva), or perched
in the arbustive vegetation of rivulets in forested areas (A. albofrenatus, A. arildae, and V . uranoscopa). All of these pre-
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Figure 6. Species with non-random unidirectional behavior in quadrant IV of the polar axis (226–314◦ ) clockwise, under the influence of

the synodic cycle between the waning gibbous and waning crescent (intermediate albedo): (a) Boana polytaenia, (b) Hylodes phyllodes,
(c) Ischnocnema aff. guentheri, (d) Myersiela microps, (e) Ololygon hiemalis, and (f) Proceratophrys boiei.

sented prolonged reproductive behavior (sensu Wells, 1977)
from October to February, which, unlike for opportunistic
species, is not predominantly influenced by abiotic factors
such as rainfall. As observed in P . melanopogon, the forests’
canopies did not influence the lunar-mediated behavior of the
forest species.
In the second quadrant (46–134◦ , intermediate albedo), all
seven species (Table 4, Fig. 4) exhibited prolonged vocal activity (sensu Wells, 1977) from October to February, except
B. albopunctata which vocalizes year-round. These species
were observed vocalizing on the ground (B. pardalis, L. latrans, and P . murundu), perched in ruderal vegetation (B. albopunctata, S. similis, and S. fuscomarginatus), or perched
in arbustive vegetation (S. squalirostris) from open areas.
Boana albopunctata, despite its statistic one-sidedness significance (Z and U tests), was, among this species group, the
more eurytopic species regarding the lunar-mediated behavior, since it was observed vocalizing in all moon phases.
In the third quadrant (135–225◦ , higher albedo), D. sanborni and B. faber (Table 5, Fig. 5) were the only species
considered to be influenced by the moon. Both exhibit prolonged reproduction (sensu Wells, 1977), which allows them
to remain active in various phases of the moon. Dendropso-

Web Ecol., 21, 1–13, 2021

phus sanborni showed a preference for the phase of increasing to higher albedo, whereas B. faber, despite its tendency
to follow the same pattern, also showed activity from the beginning of darker periods of the lunar phases. In this case,
the behavior of egg laying only after the strongest rains (Pederassi, 2019) can prevent the embryos from being submerged
(Kluge, 1981) and the nest from being damaged. These advantages could induce opportunistic behavior to the detriment of the lunar phase of preference.
In the fourth quadrant (226–314◦ , intermediate albedo),
six species presented behavior influenced by the moon (Table 6, Fig. 6). As a general pattern, these species have a preference for the beginning of the darkest phase of the lunar cycle and have different behaviors of vocalization and habitat
occupation. Most are found in forested areas (H . phyllodes,
I . aff. guentheri, M. microps, and P . boiei), and only two are
found in open areas (B. polytaenia and O. hiemalis). Only
M. microps and P . boiei are explosive breeders (sensu Wells,
1977). In this group of species, O. hiemalis, despite its prolonged reproduction (sensu Wells, 1977), showed more vocal
activity in the waning gibbous phase (higher albedo of this
quadrant), with vocalization activity occurring exclusively
during winter nights in water bodies marginal to forested ar-
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eas (Haddad and Pombal, 1987) where active specimens keep
little distance from each other. Therefore, the permanence of
activity in phases of greater luminosity may favor visual displays (Duellman and Trueb, 1994; Guimarães and Bastos,
2003); however, because the species has restricted distribution and is active during the winter, there are still no studies
of this kind. Boana polytaenia, as observed in B. albopunctata which is active in the second quadrant, despite the statistical significance of one-sidedness activity, remains vocally
active year-round and presents eurytopic lunar-mediated behavior as well. The highlight is Hylodes phyllodes which,
while presenting diurnal vocalization, exhibits unidirectional
behavior of 56 % for this phase of the lunar cycle. In this
case, specific studies should be implemented to understand
such a relationship. With the present data, we can only raise
hypotheses such as lunar influence goes beyond the luminous influence as a gravitational or electromagnetic force as
proposed by Zimecki (2006), the nocturnal foraging activity of H . phyllodes could be favored by the darkest phase to
avoid predators (Tuttle and Ryan, 1982; Tuttle et al., 1982)
which would ensure more energy for daytime vocalization, or
the lunar phase could trigger female ovulation synchronism
(Church, 1960a) and the vocalization of males.
Summarizing our results, from the 37 observed species,
12 were mainly vocally active in the darkest phase (315–
45◦ ), 2 were mainly vocally active in the lighter phase (135–
225◦ ), and an intermediate number of individuals were vocally active in intermediate light (7 between 46 and 134◦ ,
6 between 226 and 314◦ ). Although their prevalent activity
was in the darkest phase, 2 species were statistically considered random. And, finally, 8 had an insufficient sample.
Grant et al. (2012) reported that among 79 species of amphibians, whose behavior was analyzed with regards to the
lunar phases, 20 species were positively influenced by the
full moon, 30 species were negatively influenced, 17 species
were indifferent to the lunar phases, and 12 species had ambiguous behavior. Therefore, the distinct behaviors observed
in the current work are consistent with those noted in previous studies (Duellman, 1967; Forester and Lykens, 1986;
Rand et al., 1997; Magnusson et al., 1999; Johnson and
Batie, 2001; Hauselberger and Alford, 2005; Abrunhosa et
al., 2006; Taylor et al., 2007; Granda et al., 2008). The results
presented in this study are the first steps to understanding the
lunar influence on the anuran species of Mantiqueira.

where the natural history of each group should be considered;
hence, it is necessary to study these species to understand
such relationships.

5

Conclusions

Lunar phases influence the vocalization pattern of most anuran species, with the third quarter, new moon, and first quarter – the darker phases – having a higher prevalence of activity, whereas the full moon is the phase with the lowest
prevalence of species showing vocalization activity.
In this study, the influence of the lunar cycle was not the
same for all species. There is a specific trend for each species,
https://doi.org/10.5194/we-21-1-2021
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