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Abstract: Los Riscos Cave belongs to the El Abra limestone and its geographical
location is in the Sierra Gorda in the State of Querétaro, Mexico. The cave has a high
faunal diversity that includes arthropods and some vertebrates, such as vampire bats and
anurans, and includes the robber frog Eleutherodactylus longipes (Baird, 1859). The
abundance of the robber frog changes non-randomly between dry and rainy seasons and
is related to the search for humid conditions inside the cave. In addition, the robber frog
was located in areas where some scattered light may influence its dispersion inside the
cave; and therefore, its activity. Frogs displayed spontaneous circadian rhythms of
locomotor activity from the first days of the experimental observation in constant
darkness. The average period of circadian rhythms was 24.85 *= 0.93 h indicating, in
isolated conditions, a diurnal activity. When exposed to artificial light-dark cycles, the
animals lacked daily activity rhythms, and ultradian activity was observed. The
preference for high humidity and low illumination in the cave and a partial endogenous
circadian rhythmicity confirm the troglophilic affinity of the robber frog to cave

environments.

INTRODUCTION

Caves represent windows to the lithosphere where
different habitats are characterized by partial or total
darkness, nearly constant temperature, often high levels of
humidity, and a low flow of nutrients. Nevertheless, a
variety of organisms have long colonized these subterra-
nean environments. There are still constant incursions to
caves by trogloxenes and troglophiles. In addition, there
are unique troglobitic species that have developed diverse
and specialized adaptations during their evolution to the
lack of light.

In Mexico, there are records of 27 species of anurans
that inhabit caves (Reddell, 1981; Hoffmann et al., 1986),
which corresponds to approximately 7% of the total
amphibian diversity of the country (363). This high
percentage of use of this habitat for anurans is more
frequent than expected (Lépez-Ortega and Casas-Andreu,
2005).

Los Riscos Cave has been investigated for its fauna over
many years and has a large diversity of fauna that includes
arthropods and vertebrates, such as vampire bats Desmo-
dus rotundus (Geoffroy, 1810) and Diphylla ecaudata Spix,
1823, the frugivorous bat Artibeus lituratus (Olfers, 1818),
an insectivorous bat Corynorhinus mexicanus (Allen, 1916),
and the fish Astyanax mexicanus (De Filipi, 1853), and
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anurans as Incilius valliceps (Wiegmann, 1833) (previously
known as Bufo valliceps, see Frost, 2008), and the robber
frog Eleutherodactylus longipes (Baird, 1859) (Fig. 1),
which is a member of the family Brachycephalidae,
following Frost et al., (2006).

Eleutherodactylus longipes is endemic to Mexico, being
distributed along the Sierra Madre Oriental from the states
of Nuevo Leon through Hidalgo, Tamaulipas, San Luis
Potosi and Querétaro in isolated localities (Lynch, 1970;
TUCN, 2006). It inhabits moderate elevations from 650 to
2000 m, and it shows a strong tendency to occupy caves
(Taylor, 1939; Lynch, 1970; TUCN, 2006). The biology and
natural history of this frog are unknown.
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Figure 1. Long-footed robber frog Eleutherodactylus long-
ipes at Los Riscos Cave, Querétaro, Mexico. Scale bar is
2 cm.

Caves provide a diversity of habitats where environ-
mental signals may have different influences upon the
circadian properties of the organisms that inhabit them.
Near the main entry of a cave, natural day-night cycles, as
well as changes in temperature and humidity, may play a
significant role in the daily organization of animal activity.
In deep regions of caves, constant or poorly fluctuating
conditions lack the temporal periodicity to entrain
endogenously generated circadian rhythms, and poor light
conditions can also affect other physiological traits such as
vision or skin color (Poulson and White, 1969; Lamprecht
and Weber, 1992).

Diverse studies of circadian activity rhythms have been
performed under laboratory conditions by monitoring the
locomotor activity of fish (Trajano et al., 2005; Pati, 2001),
crustaceans (De la O-Martinez et al., 2004), crickets
(Hoenen 2005), millipedes (Koilraj et al., 2000), spiders
(Gnaspini et al., 2003) and salamanders (Hervant et al.,
2000), among others. Results have varied: some species are
arrhythmic and others remain capable of displaying low-
amplitude circadian rhythms, able to synchronize to
artificial light-dark cycles.

Studying different morphological, ontogenetic or etho-
logical adaptations to underground environments may help
us understand the adaptive meaning of having a functional
circadian clock in organisms that live in such unusual
habitats.

Our aim is to present the habitat and seasonal
distribution of E. longipes inside Los Riscos Cave, as well
as its locomotor activity pattern in laboratory conditions,
for understanding long-term circadian locomotor activity
in natural settings and their response to artificial light-dark
cycles.

R. PAREDES-LEON
MATERIALS AND METHODS

Locarity

Los Riscos Cave (21° 11’ 38" N, 99° 30" 50" W: Lazcano
Sahagtin, 1986b) belongs to the El Abra limestone and its
geographical location is in the Sierra Gorda in the State of
Querétaro, Mexico (Alencaster et al., 1999). It is located
3 km northeast from Puente de Dios up the river Jalpan at
1122 m asl. Water persistence inside the cave varies
between dry and rainy periods. Maximum precipitation
occurs from June to November, and the driest period is
from December to May. Average annual precipitation is
about 48.9 mm d~! (CETENAL, 1986; CNA, 2004), and
the average annual temperature is 24 °C (INEGI, 1996;
CGSNEGI, 2004). The climate of the area is warm
subhumid type (A)C;(wo)(w) sensu Koppen and modified
by Garcia (1981) and the category of vegetation is tropical
dry forest (Carabias Lillo et al., 1999).

This cave represents a mixed underground system
(horizontal and vertical) with eight zones, denoted with
the letters A to H, including tunnels and galleries (Fig. 2).
The cave is mainly horizontal, with a depth of 35 m and a
length of 550 m (Lazcano Sahagtn, 1986a, 1986b). Criteria
for defining each zone are based on different topographical
events and features inside the cave, like tunnels, areas of
collapse or changing climatic conditions. The main entry,
labeled as zone A, is surrounded by local vegetation and
sunlight scatters about 35 m inside. Other zones have
diminished amount of light or are totally dark. Zones B, C,
D and E represent the largest transects, therefore average
values of humidity, temperature, and light indicate the
proximal (about 40 m deep, designated as 1) and distal
(about 80 m deep, designated as 2) locations. Zone B2
represents the upper chamber at the end of this zone, which
is 30 m high.

Zones G and H include narrow corridors and vertical
pits and thus presented access challenges. These areas were
not considered for this study because no frogs were found
there.

FiELD TECHNIQUES

All sampling activities were performed seasonally every
three months from November 2005 to March 2008.
Physical parameters such as temperature, humidity, and
luminosity were recorded in different locations inside the
cave using a thermohydrometer (IAQ- Calc 8760), and a
luxometer (EXTECH instruments 0-2000 luxes). Readings
were obtained every 20 m along search transects in both
dry and rainy seasons.

The search for frogs was carried out along each one of
the cave zones during day-twilight periods because we
observed in preliminary explorations that apparently the
frog’s activity inside the cave is the same all times of the
day. The frogs are not very visible. For example, in zone B
they were more commonly observed at rest on top of walls
or crevices on walls, whereas in other zones (E, F), the
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Figure 2. Distribution and relative abundance of E. longipes in Los Riscos Cave, Querétaro, Mexico. Arrows represent cave
entry points. The map, modified from Lazcano Sahagin (1986), shows in detail the zones of the cave, where frogs were
sampled. Frog-like symbols indicate percentage of frequency of observation in each zone.

frogs were found under rocks. Zones where the frogs were
observed did not include puddles or pools of water. Some
frogs were marked and released; others were collected and
transported to the laboratory for circadian studies or to
serve as voucher specimens at the Facultad de Ciencias,
Universidad Nacional Autonoma de México (FC). In order
to minimize possible dampening of endogenous activity
rhythms, all animals used in the laboratory were trans-
ported in a dark styrofoam box slightly cooled with
crushed ice and were recorded in the laboratory as soon as
possible. A few individuals were examined for parasites
and to confirm proper identification. These specimens will
be deposited at the Universidad Nacional Autéonoma de
México (UNAM), in the Museo de Zoologia de la Facultad
de Ciencias (MZFC-UNAM) and Coleccion Nacional de
Anfibios y Reptiles (CNAR-IBUNAM).

LABORATORY TECHNIQUES

Nine frogs collected during different seasons (five in dry
season and four in rainy season) were used for this portion
of the study. Frogs were individually kept in glass aquaria
(2.5L) and were each equipped with infrared light
crossings to detect locomotor activity as described else-
where (Miranda-Anaya et al., 2003). These were kept in
continuously ventilated, light-proof wooden boxes, and
maintained at 23 *= 2 °C in environmentally-controlled
rooms at the FC facilities. In order to maintain a
sufficiently high humidity inside the recording chamber,
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each aquarium had a wet paper towel spread on its bottom
which was moistened with clean water once a week.
Locomotor activity data were summarized every 10 min
for further analysis by means of a data acquisition board
(NAFRI disp. México D. F.).

Every frog was initially monitored for at least nine days
under continuous darkness (DD). As needed, a dim red
light bulb (1-2 Ix) was used for visual inspection and
maintenance of aquaria. Then, light-dark cycles (LD 12:12)
were used during at least ten days in order to observe any
possible entrainment of locomotor activity rhythms. Light
cycles were provided by means of a fluorescent lamp
(Tecnolite F15T8D) controlled by a timer. The lamp was
partially dimmed by using black tape and located at 30 cm
above aquaria in order to provide half of the light intensity
(150 1x). Frogs were fed once a week with juvenile crickets
that were rendered legless to avoid their interfering with
frog locomotor activities.

DATA ANALYSIS

Seasonal means in abundance were compared by a
student z-test for independent samples performed by
Statistica software (StatSoft, 1999). A Fisher’s exact test
(Tocher, 1950) was used to evaluate the association
between seasons and between different cave zones. We
performed the Freeman and Halton (1951) analysis of the
Fisher exact probability for a two-by-five contingency
table. A two way Analysis of Variance (ANOVA) was
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performed in order to evaluate the effect of the season and
cave zone on the environmental parameters with a post hoc
Tukey’s test used to identify significant differences. A
multiple correlation was performed between temperature,
humidity, luminosity, and frog abundance in sites where
frogs were recorded.

Locomotor activity data were analyzed in double-
plotted actograms based on a day-by-day histogram in
which each bar indicates the amount of activity observed in
a time lapse of 10 min across a 24-hour series. In this
presentation, the daily traces stacked vertically in chrono-
logical order give a lucid view of the activity envelope
(DeCoursey, 2004).

The respective circadian periods for at least seven
consecutive days (r) were calculated using 7> periodograms
(Sokolove and Bushell, 1978) at 0-30 h intervals. Ultradian
activity was analyzed by means of Fast Fourier Transform
Analysis using the software DISPAC (Instituto de Fisio-
logia Célular (IFC), UNAM, Mexico; Aguilar-Roblero et
al., 1997). Periodograms with spikes above the confidence
interval (p < 0.05) were considered rhythmic. Results on
period lengths of free-running activity bouts under
different protocols were analyzed using a non-paired
student r-test with the software program Statistica;
differences were considered significant when p < 0.05. All
results are presented as mean values = standard deviations
(SD) unless otherwise noted.

RESULTS

PHaysicaL PARAMETERS IN Los Riscos CAVE

The two-way ANOVA test showed no significant effect
of season on temperature (F; ¢ = 0.80; p > 0.05),
humidity (Fy, ¢0 = 3.18 p > 0.05), or luminosity (F; ¢ =
0.47 p > 0.05). However, there were significant effects of
cave zone on these parameters (temperature: Fo o = 2.35p
< 0.05; humidity: Fy_¢o = 5.81 p < 0.005; luminosity: Fg_g
= 37.72 p < 0.0005). Temperature differences were found
between zones B and D2 and between zones D1 and D2.
The main differences for the humidity were found between
zone A and zone D2. For the luminosity, zones B and Cl1
together were different from the other zones and zone A
was different from all others (Fig. 3).

The zone with the highest temperature and humidity in
both seasons was D2. This zone has permanent colonies of
vampire bats (Desmodus rotundus and Diphylla ecaudata)
present in the deepest part of the cave. Two other bat
species, Artibeus lituratus and Corynorhinus mexicanus,
were found in this zone, but only during a single sampling
event.

DISTRIBUTION OF ELEUTHERODACTYLUS LONGIPES IN THE
CAVE DURING DIFFERENT SEASONS

A total of 43 frogs was found in the cave during the
three-year study. Seasonal average abundance for the rainy
season was 5 = 1.41 SD, and for the dry season was 11 =
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Figure 3. Average temperature (A), humidity (B), and
luminosity (C) along Los Riscos Cave. Letters denote
significant differences between zones according to post hoc
comparisons using Tukey’s test (p < 0.05). Light gray bars
mean dry season and dark gray bars mean rainy season.

4.24 SD; the difference between the two seasons was
significant (24, = 2.82; p = 0.04).

Frogs were located mainly between 1200 h and 1600 h
in cave zones A, B, E, and F. Density was highest in zone B
and lowest in zone F for both seasons (Fig. 4). In zone A,
only one individual was found during the dry season, while
during the rainy season, frogs were found outside of the
cave on the external wall of zone B at midnight just one
time. There was no association between cave depth and
season (Fisher’s exact test, p = 0.29). For both the dry and
rainy seasons, the distribution of frogs in the cave was
similar. The coefficient of multiple correlation between the
environmental parameters and frog abundance was highly
positive and significant (r = 0.94; p < 0.05). Humidity
explained most of the observed variation in abundance (r =
0.72; p < 0.005), followed by luminosity (r = 0.35; p <
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Figure 4. Seasonal distribution of E. longipes in different
zones at Los Riscos Cave, Querétaro, Mexico. Light gray
bars mean rainy season and dark gray bars mean dry season.

0.05). Temperature was not significantly correlated with
abundance (r = 0.24; p > 0.05). This is unsurprising
because this parameter was constant throughout the cave
(Fig. 5). The simple correlation between luminosity and
abundance was negative and significant (r = —0.11; p <
0.05).

CIRCADIAN LocoMOTOR ACTIVITY RHYTHMS

Figure 6 shows a double-plotted actogram (A) and
correspondent activity profiles (B) for a typical recording
of locomotor activity under different light conditions for a
single frog. A significant circadian rhythm oscillated during
the first nine days of recording in DD. The main bout of
activity is projected for the external-light phase. When
exposed to LD cycles (day 10), activity was still maintained
during the diurnal phase of the cycle and crepuscular
activity was observed in this first LD condition, as shown
in the correspondent activity profile (see B in Fig. 6).
However, when exposed again to constant DD, the rhythm
faded away and a non-significant circadian period was
observed. The next exposure to LD cycles did not show
circadian activity.

In a second group of animals tested for a longer period,
the initial free-running circadian rhythm in DD was
observed again. However, the rhythm was dampened after
10 to 20 days and LD conditions did not reorganize the
activity. Frequency analysis of ultradian rhythms by means
of Fast Fourier transform shows that in LD, circadian
frequencies were absent while ultradian rhythms of 1 to 6 h
were observed.

DiscussioN

The factors determining the environmental characteris-
tics of Los Riscos Cave are associated with the external
agents imposed by local climate and season, and we found
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Figure 5. Simple correlation analysis between temperature
(A), humidity (B), and luminosity (C) with abundance of E.
longipes in Los Riscos Cave. Data from November 2005 to
March 2008 at Los Riscos Cave, Querétaro, Mexico. Solid
lines mean the correlation that is adjusted to the data, and
the dashed lines mean the range of dispersion of the data with
regard to the correlation line.

that differences of frog abundance between dry and rainy
seasons can be related to humidity levels inside the cave,
which is consistent with the necessity of frogs to avoid
desiccation and light exposure. Also, amphibians of
temperate areas display different strategies, such as
hibernation, in order to avoid starvation and low
environmental temperatures (Pinder et al., 1992). Among
these strategies, there is use of refugia such as cracks in
rocks, fallen trunks, stumps, caves and others (Lopez-
Ortega and Casas-Andreu, 2005). The study results
confirmed that environmental variables such as tempera-
ture, solar radiation, and relative humidity determine the
distribution of these organisms.

It is important to point out that all the individuals were
found during the daytime inside the cave because Lynch
and Duellman (1997) affirmed that all the Eleutherodacty-
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Figure 6. Double-plotted actogram (left) and corresponding
activity profiles of a single frog. Light conditions are
indicated by arrows (DD = constant darkness, LD = light/
dark cycles), light phase is also indicated by rectangles on
left side of the actogram. Activity profiles on B show also the
LD cycles. Days considered for the profiles are indicated.

lus (with the exception of E. hectus) are nocturnal. The
biotic (potential prey) and abiotic (temperature, humidity,
and darkness) parameters inside the cave probably increase
the range of crepuscular activity of the robber frog as
shown in Figure 6B.

Inside the cave, zone B shows the main population of
frogs and other records can be considered as accidental.
The population living here apparently does not have
contact with the exterior of the cave. However, we cannot
discard the presence of little cracks that allow some
movements to outside, which means the frogs could not
remain in the cave full time. Additionally, the frogs were
observed outside the cave at night and far from the main
population of zone B.

Preliminary observations indicate that there is more
diversity of invertebrates in zones A and F than in zones
B and E. However, crickets and spiders in zone B can also
serve as potential prey for the frogs. No frogs were
observed feeding on cave animals while in the cave and,
unfortunately, the contents of the few stomachs analyzed
were in a state of advanced digestion, so it was not
possible to identify the taxa in stomach contents. Zones C
and D had appropriate temperature, humidity, and
luminosity conditions, but their isolation from the
external environment made these conditions difficult for
the frogs to access.

R. PAREDES-LEON

Endogenous circadian rhythmicity was detected during
the initial ten days of recording under laboratory
conditions without acclimation, which indicates a func-
tional circadian clock in this species. The average free-
running period observed during the first 8-10 days of
locomotor activity indicates a wide circadian variation,
which according to Aschoff’s rule, corresponds to a diurnal
species (Aschoff, 1960).

This frog is visually reactive to the presence of living
insects as prey. However, because the light intensity of
artificial LD cycles used in the laboratory was higher than
that available inside the cave, it is possible that bright light
induced arhythmic patterns of ultradian expression in this
species as is known to happen in vertebrates exposed to
continuous bright light (Ohta, et al., 2005).

CONCLUSIONS

Robber frog distribution among cave regions, being
largely concentrated in zone B, suggests that the presence
of some scattered light is necessary for its activity and may
influence its dispersion inside the cave. The functional
circadian clocks in cave animals may have different
sensitivities to light according to the species, because fish
or arachnids collected in deeper zones were able to entrain
their circadian rhythms on similar artificial light-dark
cycles (unpublished observations). Laboratory experiments
did not include interaction with other species that coexist in
the same cave areas. Therefore, it is possible that timing
relationships among species inside the cave might be
important to sustaining circadian rhythmicity under
natural conditions as observed for different cave insects
(Oda et al., 2000). Non-circadian data observed in different
cave species in these conditions may require a different
statistical analysis that can filter the noise pattern of small
peaks as seen for the rhythm of the cave cricket Strinatia
brevipennis (Hoenen et al, 2001). The arhythmic pattern
observed may require different criteria of analysis than
used in the present study, and the ecophysiological
significance of these findings is yet to be fully understood.

Nonetheless, this is the first study of some aspects of the
biology of E. longipes, and we can note that the
environmental preference for caves and a partial endoge-
nous circadian rhythmicity confirms the troglophilic nature
of the robber frog. The paucity of information concerning
the ecology and physiology of troglophilic anurans
highlights the importance of generating detailed studies
of these topics.
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