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Abstract. In Amphibians, both positive and negative correlations between activity and full moon phase have
been observed. In this study, we present data for two anuran species (Hyla intermediaandRana dalmatina)
studied in a hilly Mediterranean area of central Italy. We analysed, in a two-year survey, the relationships be-
tween the number of egg clutches laid each night and the moon phases by means of circular statistics. Moreover,
the studied species exhibited clear oviposition site selection behaviour influenced, at least inH. intermedia, by
moon phases. We observed the occurrence of an avoidance effect by amphibians for oviposition and specific
egg-laying behaviour during moon phases around the full moon. This apparent lunar phobia was evident in
both species when yearly data were pooled. On the other hand, while this pattern continued to be also evi-
dent inH. intermediawhen single years were considered, inR. dalmatinait stood just in one year of study.
Nonetheless, during cloudy nights, when moonlight arriving on the ground was low, the frogs’ behaviour was
similar to that observed in new moon phases. We interpreted the observed pattern as an anti-predatory strategy.
Overall, comparisons between our own study and previous research suggest that there was insufficient evidence
to establish any unequivocal patterns and that further research in this regard is needed.

1 Introduction

The effects of the moon on animal biology and behaviour
have widely been recognised in several animal groups, in-
cluding terrestrial vertebrates (i.e. Farbridge and Leather-
land, 1987; Bentley et al., 2001; Naylor, 2001; Parson et
al., 2003), and marine and intertidal animals, with evidence
that most moon-related adaptations are regulated by an in-
ternal clock (Morgan, 2001). Some nocturnal terrestrial an-
imals alter their behaviour and activity with changing light
conditions in connection with the lunar cycle, this pattern be-
ing presumably shaped by antipredatory strategies (e.g. Daly
et al., 1992; Julien-Laferrière, 1997; Brooke et al., 2000;
Dixon et al., 2006; Campbell et al., 2008). For mammals and
birds the lunar periodicity of behaviour is well studied (i.e.
Kotler, 1984; Nelson, 1989; Penteriani et al., 2011), while
amphibians have remained less investigated (but see Tuttle
and Ryan, 1982; Baugh and Ryan, 2010).

Amphibian biology is influenced by not only climate and
seasonality (Gibbons and Bennett, 1974), but also by sun and
lunar phases for orienting, migrating, breeding and develop-
ment (e.g. Church, 1960a, b; Landreth and Ferguson, 1967a,
b; Fitzgerald and Bider, 1974; Robertson, 1978; Cummings
et al., 2008; Baugh and Ryan, 2010). Although moon effects
on amphibian biology have been recognized (Church, 1960a,
b; Byrne, 2002; Grant et al., 2009), the direction of this influ-
ence is rather controversial with evidence of both increased
(Tuttle and Ryan, 1982; Grant et al., 2009; Yetman and Fer-
guson, 2011), and decreased activity under the full moon
(Ralph, 1956; Church, 1960b; Fitzgerald and Bider, 1974;
Duellman and Trueb, 1994). Concerning anurans, it has been
observed that they were able to respond directly to changing
moonlight (antipredator and/or foraging behaviours; Kotler
et al., 1991), or may present an endogenous cycle with lunar
periodicity (Ralph, 1957).
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2 L. Vignoli and L. Luiselli: Effect of moon phases on anuran reproduction

Our aims in this paper are to present original field data on
the influence of moon phases on the reproductive activity of
two anuran species (Hyla intermediaandRana dalmatina)
from a hilly Mediterranean area in central Italy. More specif-
ically, we pose the following key questions: (1) Are the study
species influenced by moon phases in terms of the reproduc-
tive phenology and the oviposition site selection? (2) Does
cloudy weather, with the amount of moonlight reaching the
ground being scarce also during the full moon phase, shape
frog activity in a similar way as a new moon phase does?

2 Methods

2.1 Study area

The field work was carried out at Canale Monterano
(190 m a.s.l.; 46.8107◦ N, 6.7181◦ E) in the Regional Natural
Reserve of Monterano (Province of Rome, Italy). Samples
were taken over an area of five hectares within a tuff quarry
abandoned for about 30 yr. The peculiar permeability prop-
erties of tuffaceous substrate allowed the formation of some
lentic aquatic habitats fed predominantly by rainfall (Vignoli
et al., 2007a).

The study area, consisting of two connected ponds with a
surface area of about 1500 m2 each, was surveyed periodi-
cally in 2001–2003 (data were partially published in Vignoli
et al., 2007a, b, 2009), with a minimum survey effort of once
a month during late summer and autumn, and a maximum
frequency of two visits per week in late winter and spring
when most species had their activity peaks. Aquatic vegeta-
tion consisted ofChara sp.,Juncussp.,Carexsp., andRa-
nunculus aquaticus. Samplings were done at intervals of at
least two days. We avoided sampling the study area daily to
reduce the non-independent effects of the contiguous sam-
pling dates.

The study site was far from human settlements (Vignoli,
2003); thus, there were no sources of ecological light pol-
lution (Longcore and Rich, 2004; Baker and Richardson,
2006) strong enough to disrupt the amphibian responses to
moonlight, if any. Unfortunately, during samplings a luxme-
ter was unavailable. However, in 2009 we measured at the
study site the amount of light reaching the ground under full
moon and new moon phases by using a luxmeter (Lafayette
DT-8820) assuming that the same light conditions (in rela-
tion to moon phase) would have occurred also during the
field study period. The light measured at the ground un-
der clear sky condition was (mean±SD) 0.018±0.009 lux
(n= 11) and 0.098±0.054 lux (n= 9) under, new and full
moon phases, respectively. No statistically significant differ-
ences were detected in cloudy or rainy nights (0.027±0.017)
between moon phases in terms of the amount of moonlight
reaching the ground (U = 3.0; n= 19; p= 0.51; U-test).

2.2 Protocol and data analyses

In this study we have analyzed data fromH. intermedia
and R. dalmatina, which are characterized by open water-
oviposition (Vignoli et al., 2007a). Oviposition data were
collected via Visual Encounter Survey, in 2001 and 2003 for
R. dalmatinaand 2002–2003 forH. intermedia, from Jan-
uary to June. For each sampling, we recorded the moon phase
and the weather conditions (i.e. cloud cover degree, and rain-
fall) of the night before each date of survey. The study site
was surveyed on 21 distinct dates forR. dalmatina(5 in full
moon, 4 in third quarter, 5 in new moon, and 7 in first quarter)
and on 13 distinct dates forH. intermedia(3 in full moon,
4 in third quarter, 4 in new moon, and 2 in first quarter).
Hence, there was no unequal sampling according to the moon
phase (for both species:χ2 ≤ 0.41; df=3; p≥ 0.82. Yates’s
chi-squared test). At each visit conducted in the morning, we
checked all the clutches laid the night before, assuming that
one mating pair corresponded to one clutch (Paton and Har-
ris, 2010). Moreover, forH. intermediain 2003, we recorded
the water temperature around the main clutch groups, this be-
ing a crucial parameter affecting the reproductive output suc-
cess by influencing the egg and embryo development (Du-
ellman and Trueb, 1994). We avoided to carrying out sam-
plings after nights of heavy rain because of the uncontrolled
influence that this perturbation potentially has on mating ac-
tivity and because of the water turbidity that limits the clutch
recognition in the morning after. The nights characterized by
normal rainfall were included in the sample. In the analyses
we used the number of oviposited clutches per night as a de-
scriptor of anuran activity (Adams et al., 1998; Lipps et al.,
2001; R̈odel and Ernst, 2004; Paton and Harris, 2010). The
embryo stage (Gosner, 1960; Gosner and Rossman, 1960)
and the degree of egg jelly capsule hydration (an indirect
measure of the time elapsed by eggs into water) was used
to recognize whether each egg mass had been deposited the
day before the sampling (estimated precision:±1 day) or in
previous dates. The two study species show one reproductive
event per year, the reproductive season lasting around two
months (at the study site usually ranging January–March for
R. dalmatina, and March–May forH. intermedia. Vignoli et
al. (2007a), with males arriving earlier and outnumbering fe-
males (Bernini et al., 2007; Lapini, 2007). All these features
facilitate the recognition of actual spawning numbers (Paton
and Harris, 2010). In addition, both species are suitable to
be sampled by egg mass counts because they (i) show well-
defined reproductive phenology at the study site (Vignoli et
al., 2007a); (ii) they lay eggs in small wetlands (Vignoli et al.,
2007b), so that samplers can survey sites completely (Paton
and Harris, 2010); (iii) they breed in relatively cold months
(late winter and spring; Vignoli et al., 2007a), have hatch-
ing rates slow enough to allow easy sampling and embryo
stage recognition (Paton and Harris, 2010); (iv) they attach
the eggs to plants or other immersed material; and (v) ovipo-
sition sites are located in shallow sections of the wetlands
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(Vignoli et al., 2007b), simplifying clutch recognition (Wells,
2007). SinceH. intermediamay lay the eggs in both one large
single clutch or in several smaller clumps, we tried to limit
the potential overestimation of actual oviposition by consid-
ering only masses≥50 eggs.

Because oviposition site selection optimizes
egg/larvae/young survival compared to non-selection
(Schwarzkopf and Brooks, 1987), in 2003 we analysed
the reproductive period’s clutch distribution (degree of
aggregation and micro-habitat choice) within a portion of the
study ponds in relation to lunar phase in order to ascertain if
the moon influences the oviposition behaviour. The position
of each clutch was analysed in terms of reciprocal distance
with all the other clutches laid in the same sampling date.
We also recorded the micro-habitats where amphibians laid
their eggs, classifying the selected habitats into two main
groups: shallow waters (29.8 % of total pond surface) and
aquatic emerging vegetation (mainly consisting ofJuncus
sp.) (1.1 % of total pond surface) (Vignoli et al., 2007b).

We considered, as environmental factors potentially affect-
ing anuran reproductive activity, the cloud cover (the night
before the clutch sampling), rainfall events (the day before
the clutch sampling), and the water temperature (Duellman
and Trueb, 1994). We did not analyse air temperature, which
could of course have an effect on reproduction. However,
we were interested in discovering patterns of anuran spawn-
ing activity variations over relatively short periods (one–
two months) rather than investigating which factors influence
the reproductive biology as a whole; thus the short-term ef-
fects of air temperature are probably minor. Temperature is
demonstrated to be a weak predictor of reproductive activity
for winter and early spring temperate anuran breeders (such
as our two study species; Oseen and Wassersug, 2002), be-
cause they are in general physiologically adapted to cold wa-
ter (Salthe and Mecham, 1974; John-Alder et al., 1988) and
can behaviourally mitigate the effects of low temperature by
laying eggs in the shallower areas of the ponds that warm up
more quickly (Van Gelder and Hoedemaekers, 1971; Vignoli
et al., 2007b). The influence of such environmental parameter
is more closely related to the timing when the populations be-
gin the reproductive activity rather than to the activity modu-
lation once the animals have reached the breeding site and the
reproduction has already begun (Duellman and Trueb, 1994;
Oseen and Wassersug, 2002; Canavero and Arim, 2009).

Statistical analyses

We analysed amphibians’ phenological data by means of cir-
cular statistics, coupling data on reproductive activity with
lunar periodicity, assigning to each sampling date a value
in the range 0–29, where 0 represents the full moon. Lunar
day values were converted to angles by dividing the length
in days of the synodic lunar cycle (29.5) and then multiply-
ing by 360◦. The number of oviposited clutches observed on
a given lunar day was converted to frequencies of each an-

gle observed. The following parameters were estimated for
each species: (i) the mean vector (µ), which corresponds to
the mean angle (lunar day) around which most mating pairs
were spawning; (ii) the circular standard deviation; (iii) the
length of the mean vector (r) as a measure of vector magni-
tude; (iv) 95 % confidence intervals (CI) forµ; and (v) the
concentration, a measure of data concentration around the
considered cycle. We performed the analyses on both sep-
arated and pooled years in order to reduce the risk of not
finding a pattern due to annual factors not under our control.

In order to assess whether amphibian reproductive activ-
ity (number of laid clutches) has an uniform distribution or
follows a specific pattern (i.e. lunar ciclicity), we used Rao’s
spacing test, an equivalent of a non-parametric test of classic
statistics (phenological data were not normally distributed),
for testing data aggregation along lunar cycle, and V-test for
testing data distribution against a specified angle (Batschelet,
1981). For all the study species we tested our two H1 hy-
potheses that (i) reproductive activity is not uniformly dis-
tributed along the lunar cycle (H1A), and (ii) follows a lunar
periodicity concentrating around new moon phases (expected
mean 180◦) (H1B), against the H0 hypotheses that (i) repro-
ductive events are randomly spaced throughout the lunar cy-
cle (H0A), and (ii) full moon phases stimulate spawning ac-
tivity (expected mean 360◦) (H0B). We tested all the datasets
for a specific angle using alternatively four expected means
(the four quarters of the synodic lunar cycle). Moreover, we
analysed the study species’ reproductive activity taking into
account sky conditions. As we expected amphibian spawn-
ing activity to be mainly driven by moonlight, we also tested
the above hypotheses by considering all the sampled cloudy
nights (sky completely covered by clouds), and the reproduc-
tive output recorded the morning after, as falling in low light
lunar phases (e.g. new moon). Although this approach clearly
produces artefacts in the observed spawning activity, it could
reveal patterns otherwise masked by the variable moonlight
reaching the ground due to cloud cover.

A Multi Response Permutation Procedure (MRPP) was
applied on the clutch distribution in order to evaluate the
significance of inter-moon phase differences. The strategy
of MRPP in our case was to compare the observed intra-
moon phase average clutch distances with the average dis-
tances that would have resulted from all the other possible
combinations of clutch positions considering all the sam-
pling dates under the null hypothesis (Mielke et al., 1976).
The test statistic (δ) is the average of the observed intra-
group distances weighted by relative group size. Oviposition
site selection behaviour (micro-habitat use as compared to its
availability within the pond) was put in relationship with lu-
nar cycle by means of contingency tables (4×2: four phases
by two micro-habitats) and Chi-square tests. Relationships
between the number of observed oviposited clutches and wa-
ter temperature and rainfall events were tested by means of
Spearman rank correlation and Mann–Whitney U-test, re-
spectively. All circular data were analysed using the software
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4 L. Vignoli and L. Luiselli: Effect of moon phases on anuran reproduction

Figure 1. Number of oviposited clutches byHyla intermedia(bars)
and water temperature (black circles) at the study site in 2003.
Moon phases are also displayed.

Oriana (version 3.11; Kovach Computing Services, 2011;
http://www.kovcomp.com). The MRPP analyses were per-
formed by using Blossom software (version W2008.04.02;
http://www.fort.usgs.gov/products/software/blossom/).

3 Results

3.1 Reproductive patterns

By and large, considering the study years pooled, we ob-
served 354 clutches ofH. Intermediaand 370 clutches ofR.
dalmatina. Oviposition activity of both species did not differ
between rainy and dry conditions (R. dalmatina: rainy/dry
days=4/17; U = 15.5; p= 0.10. H. intermedia: rainy/dry
days=2/11; U = 2.0; p= 0.07). There was no relationship
between oviposited clutches and water temperature inH.
intermedia(r = 0.12; n= 10; p= 0.73) (Fig. 1). There was
an interspecifically consistent pattern regarding how the two
studied species responded to moon phases (Figs. 2 and 3; Ta-
ble 1). The H0 hypotheses were both rejected when tested
against both our H1 hypotheses, that is: (i) in the stud-
ied species, ovipositions were not uniformly distributed and
(ii) did not deviate from a mean angle of 180◦ (new moon
phase) (Table 1). In both species there was a strong positive
relationship between number of oviposited clutches and low
light intensity moon phases (new moon and adjacent phases).
Indeed, the oviposition activity peaked during the transition
phase between new moon and 1st quarter (waxing moon;
ranges: 224.1–250.4◦ for R. dalmatinaand 200.0–222.7◦ for
H. intermedia; Figs. 2 and 3; Table 1).

When we analyzed the dataset yearly, we found in each
year consistent trends with the results coming from pooled
years at least for one studied species (Table 1). ForH. inter-
mediathere was no inter-annual difference in clutch tempo-
ral distribution (Fig. 2). ConcerningR. dalmatinathe annual
patterns differed remarkably. Indeed, whilst in 2003 the pat-
tern was consistent with that coming from yearly datasets

pooled, in 2001 there was no recognizable pattern (Fig. 3).
The analyses of the observed clutch distribution in conjunc-
tion with information on cloud cover gave the same results
obtained without it (data not shown for brevity), apart from
one year forR. dalmatina. When the clutch distribution of
R. dalmatinain 2001 was analyzed taking into account the
cloud cover, the egg laying activity pattern appeared to be
concentrated around the new moon phase, similarly to results
obtained for the same species in 2003 and forH. intermedia
in both years (Fig. 3). Rao’s spacing test revealed aggregated
distribution for all the used datasets (both the species, yearly
and pooled). Nonetheless,R. dalmatina, in 2001, showed an
overdispersed distribution of clutches along lunar cycle, thus
determining the unreliability of the statistics (Table 1). None
of the datasets’ distributions deviated from a mean angle of
180◦ (new moon phase; for all tests:u≥ 4.50 andp<0.0001;
V-test) except forR. dalmatinain 2001 (Table 1). Moreover,
clutch distributions over time showed also a concentration
around 270◦ (1st quarter; for all tests:u≥ 2.13 andp≤ 0.02)
although less evident than that at 180◦, whereas during the
remaining two quarters (0◦ and 90◦, respectively full moon
and 3rd quarter) the occurrence of clutches was lower (for all
tests:u≤ 1.32 andp≥ 0.08).

3.2 Egg laying behaviour

As regardsR. dalmatina, there was no inter-moon phase
difference in terms of egg clutch distribution (data from
a single study pond: average group distanceδobs− δexp=

−0.009; p>0.05. MRPP). We did not observe any ovipo-
sition site preference (with a significant prevalence of egg
masses laid in the shallow waters of the study ponds)
(χ2 = 11.7; df=3; p<0.01). On the other hand,H. interme-
dia showed a moon phase-dependent egg laying behaviour
in terms of (i) clutch distribution and (ii) micro-habitat
selection for oviposition. In more detail, (i) the clutches
laid under full moon showed an average distance signifi-
cantly less than that expected by chance (data from a sin-
gle study pond; average group distanceδfullmoon = 0.72 m,
δnewmoon= 1.59 m;δobs−δexp= −2.33 m,δvariance= 0.0005 m;
p<0.00001; Fig. 4); (ii) mating pairs showed a non-random
and non-homogeneous among-moon-phases use of micro-
habitats for oviposition (χ2 = 78.7; df=3; p<0.0001; Con-
tingency table), exhibiting a significant preference for laying
eggs towards the micro-habitat under the aquatic emerged
vegetation (Juncussp.) under full moon (N = 61; χ2 = 243;
df=1; p= 0), whereas shallow waters was the most preferred
habitat type during the remaining lunar phases (for all tests:
χ2 ≥ 4.2; df=1; p≤ 0.03).

4 Discussion

Our data clearly showed a reproductive phenology non-
randomly related to lunar cycle, with both species con-
centrating spawning activity between the new moon and
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Table 1. Synopsis of the circular statistics for the clutch distribution in two species of amphibians at a locality in Mediterranean Central
Italy. For each species yearly and pooled data are reported. The statistical tests refer to whether or not clutches are laid uniformly over the
lunar cycle (Rao spacing test) and whether or not clutch distribution have a mean angle (expected mean 180◦) (V-test) (Batschelet, 1981).
For Rana dalmatina, the column 2001∗ showed the analysis taking into consideration also the cloud cover (see methods).

R. dalmatina H. intermedia

2001–2003 2001 2001∗ 2003 2002–2003 2002 2003

N of observations 370 182 182 187 354 32 322
Mean vector (µ) 237.3◦ 300.0◦ 163.5◦ 224.3 201.9◦ 203.2◦ 201.7◦

Length ofµ (r) 0.31 0.14 0.34 0.55 0.36 0.68 0.33
95 % C.I. (±) for µ 224.1–250.4◦ n.c. 146.8–180.2◦ 214.8–233.9◦ 190.7–213.2◦ 185.5–220.9◦ 188.7–214.7◦

Concentration 0.66 0.29 0.73 1.33 0.78 1.86 0.70
Circular S.D 88.1◦ 112.9 83.9◦ 62.2 81.7◦ 50.7◦ 85.3◦

Rao’s spacing test (U) 343.6 340.2 346.1 338.9 349.8 326.2 351.0
Rao’s spacing test (p) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
V-test (V exp. 180◦) 0.17 −0.07 0.33 0.40 0.33 0.62 0.31
V-test (u) 4.50 −1.37 6.24 7.67 8.93 4.97 7.79
V-test (p) <0.0001 0.91 <0.000001 <0.0001 <0.0001 <0.0001 <0.0001

n.c.: not calculated due to the very low data concentration

Figure 2. Patterns of reproductive phenology inHyla intermediain
relation to lunar cycle at the study locality in Mediterranean Central
Italy. Datasets from 2002, 2003 and pooled years are shown. Area of
wedges represents the number of egg clutches (each one considered
a proxy of a single pair in spawning activity) laid during a single
night. Concentric dotted lines represent the scale for the number of
egg masses (numbers only on the top axis). Black ray indicates the
mean vector (µ) and the external black curved line represents 95 %
confident intervals (in grey if the statistic was unreliable). 0◦ = full
moon; 180◦ =new moon.

Figure 3. Patterns of reproductive phenology inRana dalmatinain
relation to lunar cycle at the study locality in Mediterranean Cen-
tral Italy. Datasets from 2001, 2001 with cloud cover information
(2001∗), 2003 and pooled years (2001–2003) are shown. Area of
wedges represents the number of egg clutches (each one considered
a proxy of a single pair in spawning activity) laid during a single
night. Concentric dotted lines represent the scale for the number of
egg masses (numbers only on the top axis). Black ray indicates the
mean vector (µ) and the external black curved line represents 95 %
confident intervals (in grey if the statistic was unreliable). 0◦ = full
moon; 180◦ =new moon.

www.web-ecol.net/13/1/2013/ Web Ecol., 13, 1–11, 2013



6 L. Vignoli and L. Luiselli: Effect of moon phases on anuran reproduction

Figure 4. (A) Clutch distribution ofHyla intermediain one of the study ponds. Circles (N = 110)= clutches laid during new moon; Triangles
(N = 48)= clutches laid under full moon.(B) Pond profile (black line) with detailed location of emerging aquatic vegetation.

1st quarter phases (waxing moon). Our study hence mir-
rors earlier studies documenting that amphibian reproductive
phenology is influenced by the moon cycle (e.g., Tuttle and
Ryan, 1982; Duellman and Trueb, 1994; Grant et al., 2009;
Yetman and Ferguson, 2011); it does differ, however, from
the findings of Grant et al. (2009), who observed a peak of
activity around full moon in other anuran species from tem-
perate regions (Grant et al., 2009). We also found that ovipo-
sition site selection was, at least inH. intermedia, clearly in-
fluenced by moon phase (= lunar phobia behavior).

4.1 Reproductive patterns

Overall, no relationship was found between rainfall, water
temperature and clutch oviposition. Recent studies (Both et
al., 2008; Canavero et al., 2008; Canavero and Arim, 2009)

demonstrated that the invoked role of rainfall as determinants
of temperate amphibian activity has been overemphasized
(Duellman and Trueb, 1994; Stebbins and Cohen, 1997).
However, it is well known that rainfall may affect breeding
pond amphibian activity, at least at fine spatial and temporal
scales (i.e. migration towards the reproductive sites) (Pech-
mann and Semlitsch, 1986; Oseen and Wassersug, 2002;
Semlitsch, 2008). Indeed, we expected a possible effect of
this parameter on the analyzed metrics due to the increased
rate of newly arriving individuals at the ponds during rainy
nights. However, an increased amphibian activity could be
related to the increasing air humidity (Martof, 1953) during
cloudy nights also without rain (i.e. chorusing; L. Vignoli,
unpublished data).

As far as the influence of the moon is concerned, our
data mirror those for the nearcticRana cancrivora, which

Web Ecol., 13, 1–11, 2013 www.web-ecol.net/13/1/2013/
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showed the highest average ovarian weight during new moon
and the smallest under full moon (Church, 1960b), and for
the neotropicalEngystomops(=Physalaemus) pustulosusre-
garding to the nocturnal phenology (Jaeger and Hailman,
1981). Moreover, Baugh and Ryan (2010) concluded that the
behavioral variation (mate choice) due to the perceived pre-
dation risk byE. pustulosusfemales was higher under moon-
lit conditions than during a new moon phase. Other studies
also reported reduced activity (albeit not strictly related to
reproduction) during full moon, including depressed move-
ments inBufo americanus(Fitzgerald and Bider, 1974), and
peaks of captures of newts during the darkest phase of the
moon (Deeming, 2008). These patterns were interpreted as
antipredatory behavior.

Assuming that the full moon corresponds to the peak of the
light reaching the ground at night time, and the new moon to
the minimum (Krisciunas and Schaefer, 1991), our results in-
dicate a depressed reproductive activity inRana dalmatina
and Hyla intermediaduring phases of high moonlight in-
tensity. This was evident with both yearly data pooled or
taken separately inH. intermedia(in both years) and with
yearly data pooled and in one of the years inR. dalmatina.
Nevertheless, also in the single year without significant pat-
tern, when cloud cover (i.e. a factor influencing the resultant
moonlight intensity on the ground) was included in the anal-
ysis, we obtained a consistent pattern of depressed activity
during conditions of strong light on ground. We speculate
that, when there is cloudy weather also during full moon, the
frogs are incapable of distinguishing one lunar phase from
another just by perceiving the light intensity alone. There-
fore, by analyzing the lunar phases as the only constraint
conditioning spawning activity, the effective intensity of re-
productive events under low-light conditions is likely under-
estimated. SinceR. dalmatinabreeds during late winter-early
spring (when cloudy weather normally occurs at the study
area; Mantero, 2006), we hypothesize that, in 2001, the type
of pattern observed in 2003 may have been skewed by the
occurrence of cloudy nights under full moon phases.

Moreover, a closer inspection of our circular plots revealed
that the distribution of clutches for both species was non-
symmetric around the 180◦ degree mark, as expected if the
study species spawning activity was merely regulated by an
avoidance of high light on ground, but concentrated imme-
diately after the new moon phase. Interestingly, it appeared
that the down peak of light under new moon could trigger
spawning. Hence, the females could approach the pond and
join the males, arrived earlier in the season, only once the
light conditions allow frogs to migrate to the pond and start
spawning with a reduced risk of predation. This scenario be-
comes more complex if intra-night variation of light intensity
is also considered: during one night there may be a portion
of the time with higher lunar illumination (moon rising) and
the remaining with lower or no illumination (moon down).
There is evidence that intra-night variation of moonlight in-
tensity affects surface activity of small mammals (Lockard

and Owings, 1974); also anurans are probably able to mod-
ulate reproductive activity (i.e. chorusing, mate searching,
oviposition) throughout the night time once they have started
to spawn at the breeding site. It is, however, possible that, if
amphibians are guided by an endogenous lunar rhythm, they
may respond to lunar phase regardless of cloud cover and
light intensity. This hypothesis is unlikely inR. dalmatina
given the inter-annual differences found in its reproductive
patterns.

To our knowledge, the only other study exploring the ef-
fects of lunar cycle on reproductive activity of temperate anu-
rans is by Grant et al. (2009). Although these authors found
that various aspects of anuran reproductive phenology (in
Bufo bufo, Pelophylaxspp.) were intensified around the full
moon, we found in our own two study species quite the con-
trary to be the case. We speculate that the observed differ-
ences may be due to (i) species-specific effects and/or (ii) a
suite of methodological issues, including type of descriptors
used and interpretation of statistical analyses.

4.2 Egg laying behaviour

Both study species showed oviposition-site selection in lay-
ing eggs in micro-habitats that differed from random habi-
tats within the study ponds.Rana dalmatinaexhibited a con-
sistent micro-habitat selection for oviposition (shallow wa-
ters) and clutch distribution irrespective of the lunar phase,
whereasH. intermediashowed a clear choice (shallow wa-
ters vs. aquatic emerging vegetation) to where laying eggs
and different patterns of clutch aggregation in relation to lu-
nar phase. For this latter species, the clutches laid around
full moon aggregated below emerging rush tussocks (Jun-
cussp.), while during the remaining phases the ovipositions
were positioned in free shallow waters. In other words, dur-
ing full moon mating pairs apparently selected well vege-
tated spots as oviposition sites and avoided lowly vegetated
sites. Although our study species do not build nests, we
consider the observed behavior to be similar to true nest-
site selection as in other egg laying amphibians (see Pe-
tranka, 1990; Brown and Iskandar, 2000; Dillon et al., 2000).
Nest-site selection behaviours may increase embryo protec-
tion from predation (Resetarits and Wilbur, 1989), compe-
tition (Dillon et al., 2000), parasitism (Kiesecker and Skelly,
2000), and/or environmental factors (Bragg et al., 2000), thus
enhancing embryo survivorship (Schwarzkopf and Brooks,
1987). Another primary outcome of oviposition site selec-
tion behaviours could be the enhancement for a mating pair
to successfully complete the mating process. In our case,
under the lightest moonlit conditionsH. intermediaspawn-
ing couples apparently made a non-random selection of the
micro-habitats in order to ensure the best protection from vi-
sually oriented predators. Indeed, during spawning activity,
most anurans face a very high risk of predation because of
the higher vulnerability of a mating pair in respect to a sin-
gle individual (Olson, 1989). Hence, anurans may exhibit a
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suite of behavioral adaptations to the need of avoiding pre-
dation, including alterations in the temporal activity patterns
(e.g. Lima and Dill, 1990; Murray et al., 2004). Presumably,
at our study site the predation pressure that mating pairs ofH.
intermediaundergo during spawning periods is higher than
that faced byR. dalmatina(see below). This is due to the
increased number of potentially active predators occurring
in springtime, when the tree frogs spawn, as compared to
late winter, when agile frogs lay eggs. Moreover,H. interme-
dia reproductive behavior makes individuals likely more con-
spicuous (males calling perched on a substrate outside water
or on water surface; L. Vignoli, pers. obs.) than those ofR.
dalmatina(males usually calling from underwater; Schnei-
der et al., 1988).

4.3 Reproductive strategy

The interplay of moonlight and animal’s nocturnal behavior,
especially for prey, is not a zero-one phenomenon (either be
active or not), but a continuum of states that correspond to
different levels of activity, involving a trade-off between ac-
tivity and safety. Regarding reproduction, animals often un-
dergo increased predation risk due to enhanced conspicuous-
ness to predators (Magnhagen, 1991). As for the amphibians,
the risk of predation varies in time and space, influencing in
a number of ways the various phases of reproduction (site
approaching, mate searching) and actors involved (calling
males, fighting males) (Lima and Dill, 1990). Therefore, in-
dividuals should adjust their reproduction behavior accord-
ing to changes in predation risk (Lima and Dill, 1990). In
amphibians the chance of reproduction and the risk of pre-
dation while spawning are two important factors that interact
to define both spatial and temporal patterns. That is, to max-
imize the reproductive success, amphibians have to balance
their decisions on when, where and how to reproduce against
predation risk (Lima and Dill, 1990; Magnhagen, 1991).

We speculate that an antipredatory strategy could be
among the factors underlying the observed patterns. Indeed,
H. intermediais intensely hunted by grass snakes (Natrix na-
trix), a mainly visually oriented predator, at the study area
during nighttime (Luiselli et al., 2005). The same is not true
for R. dalmatina, which spawns before the onset of grass
snakes’ period of foraging activity (late March, Luiselli et
al., 2005). Both species can also be eaten by nocturnal birds
of prey during the reproductive period (Jaksic et al., 1982).
Moreover, lunar-related activity patterns similar to those ob-
served in this study (lunar phobia) have been described for
other amphibians (i.e. Ralph, 1957; Fitzgerald and Bider,
1974) as well as for several nocturnal animals (scorpions –
Skutelsky, 1996; snakes – Campbell et al., 2008; mammals
– Lockhard, 1978; Wolfe and Tan Summerlin, 1989; Daly et
al., 1992; Gannon and Willing, 1997; birds – Clarke, 1983;
Mougeot and Bretagnolle, 2000). In all these studies, the ob-
served moonlight avoidance by animals has been related to
the increasing risk of predation by visually oriented preda-

tors due to bright moonlight (Lima and Dill, 1990). An ex-
perimental study revealed a significant effect of moonlight on
the microhabitat use by a visually oriented predator (a snake;
see Campbell et al., 2008), this adaptation being likely due to
both antipredatory strategy and predation avoidance behavior
by its prey in habitat selection linked to moon phases.

The activity of nocturnal or cathemeral animals is usually
less influenced by moon luminosity because most of them
show eye structures enhancing vision in low light (i.e.tapeta
lucida) (Nash, 1986; but see Donati et al., 2001). Anurans
usually are cathemeral or strictly nocturnal, having a sort of
tapetum(most of them showed eye-shine; Walls, 1942). They
are mainly acoustically and olfactory oriented animals as re-
gards intraspecific (intersexual) communication and short-
distance orientation to the breeding site (Sinsch, 1990; Duell-
man and Trueb, 1994). Hence, apart from the anti-predatory
strategy, it is possible that visual constraints marginally reg-
ulate frogs’ nocturnal reproductive activity. However, visual
stimuli are important at short distance during nighttime for
mate choice inHyla arborea(Gomez et al., 2009), a species
which is genetically closely related toH. intermedia.

In conclusion, our study added on two previously unstud-
ied species that moon phases do affect anuran reproductive
phenology (see also Tuttle and Ryan, 1982; Grant et al.,
2009; Yetman and Ferguson, 2011). In addition to this, our
study also highlights discrepancies with earlier studies on
species from similar climates and latitudes. This suggests
caution is due when trying to generalize about the biologi-
cal response of amphibian populations to phases of the moon.
Clearly further studies are still needed to solve these puzzling
issues.
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