
INTRODUCTION

The cave habitat is characterized by stable physical fea-
tures and a patchy and low availability of food) (Gnaspini
& Hoenen, 1999). Animals living in caves range from
species that need to leave caves periodically (trogloxenes)
to those that are confined to these subterranean environ-
ments (troglobites) (Holsinger & Culver, 1988). There are
also troglophilic species, which include some populations
that complete their life-cycles entirely inside the subterra-
nean environment, and others that live outside, but with
some individuals moving between these environments.

Troglobitic animals may have modifications, called
troglomorphisms, like the enhancement of non-visual sen-
sory modalities and appendages, smaller eyes and reduced
pigmentation. Troglomorphisms are generally related to
the absence of light and consequent reduction in the
availability of food. In response to the low availability of
food, selection favours a reduced metabolism.

Among the metabolic mechanisms, one of the most
conspicuous differences between troglobitic and epigean
species is in their endogenous biological rhythms. A bio-
logical clock enables organisms to anticipate temporal
changes in the environment and thus confers the property
of being temporally adapted (Page, 1989; Marques &
Waterhouse, 1994). In trogloxene species, the presence
and synchronization of endogenous rhythms enables them
to adjust their exits and returns to a cave to appropriate
epigean times. In contrast, it is generally accepted that
troglobites lack internal clocks (Lamprecht & Weber,
1991). However, one would expect troglophiles to show
clear circadian patterns since these species have popula-
tions living in epigean environments.

Although endogenous biological rhythms are self-
sustaining (Bünning, 1960) they are synchronized (or
entrained) by environmental cycles, called Zeitgebers
(Aschoff, 1960), which guarantee the proper temporal

adjustment to the environment. For the majority of the
species that live above ground, the light/dark cycle is the
main Zeitgeber (Aschoff, 1960). However, for those spe-
cies that live in permanently dark habitats, other cycles
could entrain the biological rhythms such as high/low
temperature cycles, high/low humidity cycles, social
effects, cycles in food availability, etc. (Moore-Ede et al.,
1982; Hoenen & Marques, 2000).

On the other hand, the expression of an entrained
rhythm could be masked. The masking will depend on the
nature and intensity of the stimulus, as well as on the sen-
sitivity of the organism (Aschoff, 1960, 1988). The same
factors that, as cycles, act as Zeitgebers, may act as
masking agents. Therefore, biotic factors (e.g., social
stimuli, presence of sexual patterns, presence of
predators) may modify overt rhythms, as shown in
crickets (Loher, 1979) and hamsters (Aschoff & von
Goetz, 1988). One recent field example of probable
masking by food needs was described in the cave har-
vestman Goniosoma spelaeum (Gnaspini et al., 2003).

 There are several species of cricket that have colonized
the cave environment. Strinatia brevipennis is a
nocturnal, non-singing cricket, living in caves in south-
eastern Brazil. These crickets feed inside the caves (on
debris, carcasses, bat guano, etc.); they have well devel-
oped eyes, long antennae and legs, with a tympanum in
the fore tibia (Hoenen & Marques, 1998; Gnaspini &
Hoenen, 1999). Although it lives mainly in caves, this
species has a disjunct distribution, inhabiting several non-
interconnected caves and therefore should be considered
a troglophile. However, it has a strong relationship with
caves, characteristic of a “strict” troglophile, as defined
by Gnaspini & Hoenen, 1999. In some populations indi-
viduals do not leave the cave and young instars can be
found very deep in the caves (Gnaspini & Hoenen, 1999).
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Abstract. This paper presents data on the activity rhythms of the Brazilian cave cricket, Strinatia brevipennis. Recordings were
made in the laboratory in a sound-proof constant environment. Recordings were made either under constant darkness or LD cycles,
with food provided ad libitum or not, and with crickets isolated or with a conspecific near the cage. Some crickets were tested with
pulses of sound. Raw data are presented in the form of single plot actograms and analyzed using the phase weighted stack (PWS)
method. These cave crickets showed a somewhat erratic patterns of activity, although a circadian component could be detected. All
the environmental variants tested (food availability, presence of conspecific and sound pulses) seemed to mask any activity rhythm
indicating they are possibly important in determining the temporal organization of these crickets. Their activity patterns are dis-
cussed in terms of the plasticity of a cave animal’s circadian system.
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Because it is a troglophilic species, one would expect it
to show clear circadian patterns. Field studies conducted
on this species detected a daily rhythm in movements
within the caves: the crickets migrate inwards during the
day, resting deep inside the cave; and move towards the
entrance at night (Hoenen & Marques, 1998).

This paper presents data on the activity rhythms
recorded in the laboratory under several conditions with
the aim of detecting and analysing the circadian compo-
nents. The patterns are discussed focusing on the plas-
ticity of the circadian systems of cave animals.

MATERIAL AND METHODS

Adult male and female crickets (Strinatia brevipennis, Pha-
langopsidae) were collected in caves in the Parque Estadual
Intervales in southeastern São Paulo state. Individuals were kept
together in constant darkness, in a room located in the basement
of a building, where the temperature was 20°C ± 2°C and
humidity ca 80%. Crickets were fed twice a week with fresh
vegetables. Only adult crickets were studied. Before the tests,
crickets were kept isolated in a Styrofoam box, without food for
3 days. For the tests, the animals were transferred to an acto-
graph illuminated by red light (680 nm, ca 10 lux).

The activity was recorded in an actograph, which detects the
vibration produced when the crickets move. The system detects
all vibratory movements transferred to the walls of the cage in
which the cricket is placed and thus records all body movements
of the animal. The vibrations were detected by acoustic sensors
(accelerometers) connected to the walls, which sends electric
signals to a decoding system. The vibratory message is ampli-
fied and the signal compared to a 50 mV threshold. If the signal
is higher, it is treated as a vibration and recorded. Every tenth of
a second this information is passed to a computer via a specific
program. This time series was averaged over 1 min intervals. A
full description of the system is presented in Hoenen &
Gnaspini (1999).

The crickets were tested in a sound-proof environment (inside
a sterilizer turned-off), at a constant temperature (20°C ± 1°C)
and a humidity high enough to prevent the cricket dying of des-
sication (ca 90%). Several tests were performed: either under
constant darkness (dark means red light) or LD cycles (a ca 15
lux light intensity was provided by a white-bulb lamp), with
food provided ad libitum or not, isolated or with a conspecific

near the cage (see Table 1 for details and sample sizes). When
food was provided, it was renewed every 5 days. Some crickets
were tested with pulses of sound, presented in 4 consecutive
days, starting at 10:00 h (clock hour). The pulses consisted of 30
min of sound (a song of ca 80 dB) followed by 30 min of
silence, which was repeated 3 times each day. Hence, the pulses
occurred from 10:00 to 10:30, 11:00 to 11:30 and 12:00 to 12:30
h. Although several tests were performed (see Table 1) only the
most representative record for each condition is used as an illus-
tration of the features detected.

The data is presented in single plot actograms and analyzed
using the phase weighted stack (PWS) method, which is a noise-
reduction method that detects weak but coherent signals through
a weighted summation of the data. A full description of the
method and its application in chronobiological research are pre-
sented elsewhere (Schimmel & Paulssen, 1997; Hoenen et al.,
2001). In short, the first step is a linear summation of the raw
data, considering different periodicities. The result is a linear
stack (LS), that still shows the influence of high amplitude non-
periodical signals. The second step is a summation of the raw
data considering their coherence, regardless of their amplitude,
resulting in a phase stack (PS). The final step is the PWS, that
combines the information of LS and PS, resulting in a stack
from which the incoherent noise has been eliminated, allowing
the detection of weak signals that would otherwise be indistin-
guishable from the background noise.

This method was chosen because the activity records
observed had an intricate pattern of small peaks, interspersed
with rarer ones of much higher amplitude. Attempts to analyze
this data with the usual methods gave inconsistent results and
sometimes did not detect rhythms.

RESULTS

A persistent circadian component was detected in all
tests (see Table 2 and Figs 1–6), indicating the presence
of an endogenous clock in S. brevipennis. Although a cir-
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5 %(1*)

DD + without food
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DD (with ad libitum food)

4 & (1*)
3 %

11L : 13D – L: 7h to 18h

Crickets testedCondition of the test

TABLE 1. Conditions of the tests performed using Strinatia

brevipennis and sample sizes. Some of the crickets experienced
more than one condition during the same test record. The num-
bers in parentheses and marked with an “*” indicate tests in
which no circadian periodicity was detected.
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24:15
24:24
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23:18DD + with food

7
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424:00DD + without foodNovember / 98

325:00
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224:44DDSeptember / 98

1
22:50
24:00
24:14

11L : 13DJanuary / 98
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in Fig. #

Frequency
detected (h)
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of the test

Dates

TABLE 2. Periodicities detected by the PWS method in some
of the activity records of Strinatia brevipennis.



cadian component could be detected in constant condi-
tions [e.g., Figs 2 (first part), 3 and 6 (first part)], these
cave crickets had an erratic pattern of activity.

Fig. 1 shows the activity of a female cricket, recorded
for 13 days, under 11L : 13D – lights came on at 07:00 h.
Although there was an initial reaction to the light, there
was no clear synchronization of the rhythm and the
analysis detected other frequencies in addition to a 24 h
one (see Table 2).

The presence of another individual clearly altered the
activity pattern. For instance, Fig. 2 shows the activity of
a male cricket recorded for 22 days, in constant darkness
(DD). During the first seven days, the male was alone and
showed a cyclic pattern with a period longer than 24 h
(24 h 44). From the 8th day onward, a female cricket was
placed near the male’s test cage. There was a clear inten-
sification of activity after the introduction of the female,
and the periodicity was less than 24 h (23 h 10) (Table 2).

Food also affected the crickets’ activity pattern. It is
known that food can act as a Zeitgeber in some species,
and modulate the rhythm in others. When these cave
crickets were kept “without food” for several days the
periodicity became more clearly 24 h. For instance, com-
pare Fig. 3 (a female cricket kept in DD with ad libitum
food for 18 days) and 4 (a female cricket kept in DD
without food for 12 days). In addition, the periodicity
shown by the cricket with food (Fig. 3) was 25 h, in con-
trast to the 24 h for the cricket without food (Fig. 4).

The possible masking effect of hunger is seen even in
the same cricket (e.g., Fig. 5). This figure represents the
activity of a female cricket kept in DD without food for 8
days, then with food for 8 days and again without food
for 5 days. A more intense activity pattern is apparent
during the first 8 days, when the cricket was starving
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Fig. 1. Single plot of the locomotor activity of a female Stri-

natia brevipennis cricket, recorded between 14th to 26th Janu-
ary, 1998, in 11L : 13D (lights-on at 07:00 h).

Fig. 3. Single plot of the locomotor activity of a female Stri-

natia brevipennis cricket, recorded between 2nd to 19th June,
1998, in DD with ad libitum food.

Fig. 2. Single plot of the locomotor activity of a male Stri-

natia brevipennis cricket, recorded between September 14th to
October 5th, 1998, in DD. Female present from day 8 onwards.

Fig. 4. Single plot of the locomotor activity of a female Stri-

natia brevipennis cricket, recorded between November 23rd to
December 4th, 1998, in DD/without food.



(considering it had no food in the previous 3 days). After
food was offered, the attenuation of the activity was
marked. It is noteworthy that the periodicity when
detected for the starved was more than 24 h (24 h 45) but
when supplied with food it was less than 24 h, even
during the second interval “without food” (22 h 30). Per-
haps the second interval was too short for the cricket to
become hungry again after feeding for 8 days.

Besides hunger and presence of conspecifics, sound is
also a strong masking factor. For instance, the activity of
crickets kept in constant conditions increased when
exposed to human noise, with a marked intensification
between 08:00 and 18:00 h (see Fig. 6). The days with
only a few movements were at the weekend’s. Thus, the
crickets followed the daily and weekly pattern of human
activity in the building. As this influence could represent

either entrainment or masking, some animals were tested
using sound pulses in constant conditions. The result,
shown in Fig. 7, suggests a masking effect. This actogram
represents the activity of a male cricket submitted to
pulses of sound, starting on day 17 (marked by arrows on
the figure). There was a marked intensification of activity
on these days. However, there was a prompt suppression
of activity during the pulse and activity was only restored
several hours after the last pulse (12:30 h). In the fol-
lowing 3 days, activity commenced progressively later
each day, suggesting a free-run. Another very intriguing
feature was the absence of activity after this
manipulation. The pre-pulse period was more than 24 h
(24 h 15´; 24 h 24´), and the period detected during the
pulse treatment was less than 24 h (22 h 06´; 22 h 30´).

Therefore, food availability, presence of a conspecific
and noise seemed to act as masking agents.

DISCUSSION AND CONCLUSIONS

The detection of circadian frequencies in free-running
rhythms in locomotor activity suggests the presence of an
endogenous circadian component. However, because
these crickets seem to remain motionless for very long
periods of time, the rhythmic pattern is far from clear. In
addition, the activity patterns recorded may have been
masked, which leads to speculations about the importance
of masking for cave animals.

Bearing in mind the restrictive nature of the cave envi-
ronment, the laboratory conditions, with ad libitum food
and constant temperature and humidity, could have acted
as negative masking agents, suppressing activity. This is
supported by the observations that crickets not supplied
with food showed clearer rhythms (see Figs 4–5). The
absence of food may have forced the crickets to forage
and they did so following an endogenous circadian
timing.
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Fig. 5. Single plot of the locomotor activity of a female Stri-

natia brevipennis cricket, recorded between 3rd to 23rd Febru-
ary, 1999. From 3rd to 10th day = DD/ without food; from 11th
to 19th day = DD/ ad libitum food; from 20th to 23rd day =
DD/without food.

Fig. 7. Single plot of the locomotor activity of a male Stri-

natia brevipennis cricket, recorded between 3rd to 27th Decem-
ber, 1999. From 3rd to 12th day = DD/ without food; from 13 to
17th day = DD/ ad libitum food; from 17 to 27th day =
DD/without food, but from 20th to 23rd day = sound pulses.
The beginning of the pulses on each day are marked by arrows.

Fig. 6. Single plot of the locomotor activity of a male Stri-

natia brevipennis cricket, recorded between July 10th to August
4th, 1998, in DD with ad libitum food.



Although unusual, sound also seemed to affect the
activity patterns of S. brevipennis crickets. The influence
of sound on the biological clock has been studied in birds
and mammals. Cycles of sound and silence can entrain
(Menaker & Eskin, 1966) or act as a weak Zeitgeber in
birds (Enright, 1965; Lohmann & Enright, 1967). In
mammals, on the other hand, artificial noise masks the
food intake pattern of rabbits (Bobbert & Zwart, 1988)
and has no effect on the activity rhythm of rats (Vilaplana
et al., 1995).

Usually tests involving sound are performed with the
aim of entraining a rhythm (Menaker & Eskin, 1966;
Moeller et al., 1992; Vilaplana et al., 1995) and only a
few with the possibility of masking (e.g. Menaker &
Eskin, 1966). In order to exclude the possibility of mask-
ing, it must be shown that the phase of the rhythm is
shifted during entrainment, i.e., the free-running period of
the organism after a sound pulse must show a phase shift-
ing. However, in the tests performed on S. brevipennis

crickets, there was no activity recorded after the 4-days
series of sound pulses, thus it was not possible to con-
clude whether it was entrainment or masking, although
masking was the more likely (see Fig. 7).

Human noise may influence biological rhythms in
experimental animals. For instance, the activity pattern of
the Mongolian gerbil, Meriones unguiculatus, is highly
influenced by human activity outside the test-room, indi-
cating a high sensitivity to external factors (Klaus et al.,
2000). The authors did not comment on whether the pat-
tern was entrained or masked. A similar clear reaction to
human noise was recorded for S. brevipennis crickets
tested in a room without sound isolation (see Fig. 6).

In addition to activity, respirometric studies on this spe-
cies (unpublished results) show no clear circadian oscilla-
tion in the consumption of oxygen. That is, the respiratory
and locomotor activities are similar. Moreover, the behav-
ioural repertoire of the crickets seem to be very limited
(Hoenen & Marques, 1998). As the crickets were motion-
less most of the time they had low respiratory rates,
which hinders the detection of clear circadian patterns (in
both activity and oxygen consumption). Ahearn & How-
arth (1982) were also unable to detect a daily rhythm in
the metabolic rate of the troglobitic cricket Caconemobius

varius, however, an epigean species (Caconemobius fori)
showed a clear rhythm, with higher oxygen consumption
at night (Ahearn & Howarth, 1982).

The reduced overt rhythm in the troglophilic cave
crickets Strinatia brevipennis could be a modified
rhythmic expression similar to that recorded in troglobitic
animals (Ahearn & Howarth, 1982; see also Lamprecht &
Weber, 1991 and Gnaspini & Hoenen, 1999). This is par-
ticularly intriguing since troglomorphic reductions are not
expected in epigean and non-troglobitic species which are
subjected to daily variations.

Troglomorphisms are generally associated with a
reduction in food availability. As a response to low food
availability selection might favour reduced metabolism,
which results in reduced rhythms. Alternatively, reduced
rhythms may mitigate the effects of an unpredictable

environment (i.e., they are active only when necessary).
However, species that are able to colonize the hypogean
environment may already possess characters that facilitate
this colonization – preaptations (e.g. the use of non-visual
sensory modalities and a low metabolism) (Gnaspini &
Hoenen, 1999). Therefore, the weak activity pattern
detected in Strinatia brevipennis could be a preaptation
and not a troglomorphism.

If it were a preaptation, the erratic activity pattern
observed evolved prior to cave colonization. In caves, the
absence of a rigid endogenous rhythm may be advanta-
geous because it allows flexibility in temporal organiza-
tion. This flexibility may be favoured by the unpredict-
ability of the cave habitat. On the other hand, the overt
rhythm of epigean populations could be corrected by
means of a direct response to the LD cycle (masking),
avoiding the risks of mistaken entrainment.

Redlin & Mrosovski (1999b) showed that the direct
effect of light could substitute for the endogenous control
of the circadian clock in the activity of hamsters. Their
results, together with those described for SCN-lesioned
chipmunks (De Coursey et al., 2000), support the idea of
Aschoff (1960) that masking complements the endoge-
nously controlled output from the clock. Hamsters
showed a strong but adjustable masking response to light,
which restricted the endogenous activity to an appropriate
time (Redlin & Mrosovski, 1999a).

The reason for the activity patterns shown by S. brevi-

pennis is not obvious. On the one hand, the free-running
rhythms are weak, as well as the entrainment to LD
cycles. On the other hand, the marked masking is possibly
a way of organizing rhythmic expression, which is consis-
tent with the extreme conditions of the subterranean envi-
ronment. It is because of masking that an organism can
react to an environmental stimulus in a different phase
than the one established by entrainment (Aschoff, 1988).
This mechanism facilitates, for instance, the utilization of
an unexpected food source, response to an available
sexual partner, or even escape from a predator, among
other reactions, all of them important for the survival of
an individual and the preservation of the species. It is
because of this plasticity that cave animals can cope with
the subtle events of cave habitats, which are more pecu-
liar and often more extreme than epigean environments.

In conclusion, the results of this study have stimulated
speculations about the evolution of circadian components
when the selection pressure associated with high ampli-
tude environmental cycles is relaxed. One possibility is
that masking mechanisms are even more important than
entrainment for cave animals. The main evidence for this
is the lack of entrainment to LD cycles of pigmented spe-
cies with well developed eyes. This study also showed
that it is difficult to generalize about physiology and
behaviour of non-troglobitic animals, especially troglo-
philes (see also Gnaspini & Hoenen, 1999). Therefore,
for a better understanding of the evolution in subterranean
environments more studies on these animals are needed.
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