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Abstract

We studied daily activity patterns of the subterranean rodent Spalacopus cyanus, in the field

during summer and winter, and under laboratory conditions at two different temperatures,

151C and 301C. This rodent exhibited nocturnal activity in the laboratory, but diurnal above-

ground activity in the field. We suggest that this discrepancy between field and laboratory

results is a consequence of differential space-use inside burrows during the day, and that low

external ambient temperatures appear to constrain activity of S. cyanus outside their burrows

during the night in summer and winter. In contrast, we hypothesize that high summer

temperatures constrain above-ground activity at midday.

r 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

A subterranean mode of life has often been related with constant environments
and reduced predation risk, at the expense of high energetic costs of burrowing

ARTICLE IN PRESS

*Corresponding author. Tel.: +1-909787-5724.

E-mail address: erezende@citrus.ucr.edu (E.L. Rezende).

0140-1963/03/$ - see front matter r 2003 Elsevier Science Ltd. All rights reserved.

doi:10.1016/S0140-1963(02)00259-8



(Nevo, 1979, 1999). Because daily activity of non-fossorial species is related with,
and sometimes restricted by, external factors such as photoperiod, temperature and
humidity, and it is also linked with foraging periods, Nevo et al. (1982) postulated
that random activity patterns and the absence of circadian rhythms should be a
generalized trait among small subterranean mammals. Although some studies
support this hypothesis (Heliophobius argenteocinereus, Jarvis, 1973; Cryptomys

hottentotus, Hickman, 1980), other studies have reported well-defined patterns of
activity in subterranean species (Tachyoryctes splendens, Jarvis, 1973; Thomomys

bottae, Reiter et al., 1994; Georychus capensis, Lovegrove and Muir, 1996;
Heterocephalus glaber, Buffenstein, 2000, pp. 62–110). Daily activity arrhythmicity
is not, therefore, necessarily consistent with a subterranean mode of life.

Ambiguous results regarding activity patterns and fossoriality have been obtained
even within a species, as subspecies of Nannospalax ehrenbergi have been reported to
either show daily rhythms (Rado et al., 1991, pp. 581–589) or being absolutely
arrhythmic (Ben Shlomo et al., 1995). Moreover, in some cases rhythmicity was
described as a general condition for a whole colony (e.g. C. damarensis, Lovegrove
et al., 1993), whereas in others it was an attribute of only some individuals within a
colony (Ctenomys talarum, Luna et al., 2000). These studies were, however,
performed in the laboratory, where endogenous circadian rhythmicity appears to
explain the activity patterns observed. In the field, Benedix (1994) reported defined
patterns of activity in free-ranging pocket gophers Geomys bursarius through
telemetry observations, in both spatial and temporal scales. Because the genus
Geomys was previously described as non-rhythmic based on laboratory observations
(G. bursarius, Vaughan and Hansen, 1961; G. pinetis, Ross, 1980), Benedix (1994)
postulated that patterns of activity of G. bursarius were environmentally induced.

Activity patterns often reflect endogenous rhythmicity, coupled with environ-
mental cues and/or constraints. However, few studies have attempted to discriminate
these two effects, because circadian rhythms observed in the laboratory may not
reflect activity patterns in field. This issue has been raised for the coruro (Spalacopus

cyanus), an octodontid rodent inhabiting semi-arid environments of central Chile. S.

cyanus is a highly social species that live in extensive galleries underground, forming
groups up to 26 individuals (Begall et al., 1999). Although above-ground activity of
coruros is relatively scarce and apparently not associated with foraging behavior
(Torres-Mura and Contreras, 1998), there is evidence suggesting that S. cyanus do
forage above-ground in some cases (Begall and Gallardo, 2000). However, large
amounts of bulbs hoarded in food chambers within their galleries, as well as
qualitative observations of their activity pattern above-ground, suggest that foraging
occurs primarily underground (Begall and Gallardo, 2000).

In this context, the study of activity patterns of the coruro is particularly appealing
for several different factors: S. cyanus is a highly adapted burrowing rodent closely
related with other surface-dwelling octodontids (Gallardo and Kirsch, 2001), within
each some species are diurnal (Octodon degus, Kenagy et al., 2002; Bacigalupe et al.,
2003) and others mostly nocturnal (O. bridgesi, Verzi and Alcover, 1990; O. lunatus,
Mu *noz-Pedreros and Y!anez, 2000). Thus, coruros are a potentially good model to
assess the effects of a subterranean mode of life on daily rhythmicity as well as in
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activity patterns, being reinforced by the fact that above-ground activity in this
species is extremely rare. In addition, literature regarding daily rhythmicity in
S. cyanus is controversial as well. Coruros have been classified as diurnal, based on
field observations. Laboratory measurements, in contrast, suggest that this species
lacks circadian rhythmicity in oxygen consumption (Contreras, 1986, pp. 231–250),
although it does show nocturnal locomotor activity (Begall et al., 2002).

We hypothesize that environmental factors, particularly ambient temperature,
may account for these contradictory results. If temperature indeed affects above-
ground activity of S. cyanus, animals should change their behavior seasonally,
especially because temperatures in central Chile show large variations in both daily
and seasonal scales. On the other hand, random activity would be expected if
temperature is not affecting locomotor activity. Consequently, the primary goal of
this study is to analyze daily activity patterns of S. cyanus, using both field and
laboratory approaches, and their relationship with environmental variables that
could be affecting such patterns.

2. Materials and methods

2.1. Field observations

Field observations took place at the locality of Juan Soldado (291500S; 721460W),
10 km from La Serena. Observations were carried out for five consecutive days
during summer (February) and winter (August), respectively, from 0800 to 1800 h.
To determine above-ground daily activity of S. cyanus, three observation sites were
disposed at approximately 30m from the active colonies. Surface activity was
quantified considering observations of: (i) soil deposition and/or (ii) direct
observation of individuals outside their burrows, although coruros were not
individually marked. Each sighting was considered an event of activity. Under-
ground activity was determined in the laboratory (see below), but not in the field.
Concomitant with activity observations, environmental temperatures were recorded
hourly in an adjacent active colony, using a Yellow Spring Instrument teletherm-
ometer (model 44TC) shielded from solar radiation. To determine the potential
ambient temperatures that animals may face, records were carried out: (i) 60 cm
above-ground (Ta), (ii) on the surface (Ts), and (iii) between 1 and 1.5m under the
ground (Tg).

2.2. Laboratory trials

Four adult males and one female (mb=88.5718.3 g) were caught with padded
leg-hold traps at Ventanas (341450S; 711290W) during September–October 1999. A
juvenile individual was also captured, though it was immediately released. This
locality, at approximately 20m a.s.l., is characterized mainly by sandy dunes, similar
to Juan Soldado. Animals were transferred to the laboratory within 2 days of
capture and were housed individually in acrylic cages (60� 30� 70 cm3) filled with
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about 30 cm of humid dirt, and were fed carrots, apples and tomatoes ad lib.
Temperature and photoperiod were held at 30.0 7 2.01C and 12L:12D, respectively.

Animals were acclimated to laboratory conditions 1 month before experiments
began. To determine locomotor activity of S. Cyanus we used the methodology
described in Antinuchi et al. (1999), consisting of a system of galleries built with PVC
tubes with several micro switches implanted into the base of the tubes and connected
to a computer. Depressing these switches closed an electrical circuit, and the time
and location of the incident was automatically recorded. Two separate galleries with
a similar design to the one in Antinuchi et al. (1999) were built, allowing
simultaneous records of two individuals in each trial. We provided nest material at
one side of each gallery, while apples and carrots were placed at the opposite side.
The nest side had two switches that were activated whenever individual entered,
while the food side had only one. Two parallel corridors, each one with one micro
switch, connected both rooms. Therefore, animals had to pass over at least four
micro switches on their way from the nest to the food supply.

Photoperiod was maintained with 12L:12D, and food was always provided ad lib.
Galleries had holes of approximately 1mm2 at each 20 cm, allowing air circulation
and the detection of external photoperiod. Animals were placed in the experimental
system 1 day before the experiments, allowing them to get used with the experimental
conditions. Measurements lasted 24 h. Two individuals randomly chosen were
measured simultaneously in the parallel corridor circuits each time, and these were
weighed before and after each measurement. Each individual was tested twice, at
151C and at 301C. Temperature at each trial was randomly assigned, and
measurements were separated by at least 2 weeks. These values of temperature are
in accordance with temperature values described in the field by Begall and Gallardo
(2000), that reported temperatures inside burrows between 14.21C and 31.21C.

2.3. Data analysis and statistics

Because animals could activate a single switch several times within a short period,
data were filtered with a software designed ad hoc. Basically, filtration of data was
performed in the following manner: repeated pulses from a single switch were not
considered, unless there was 1-min difference between two pulses, or another switch
was activated during this period. Therefore, activity was mainly recorded as animals
displaced from one switch to another, or if they activated the same switch repeatedly
over a relatively long time lag.

Statistical analyses were performed using Statistica (1997). Two factors were
considered in the comparisons: photoperiod and ambient temperature. To determine
the presence of circadian rhythm, as well as differences between diurnal and
nocturnal activity within treatments, we employed a Wilcoxon matched-pairs test.
Activity was considered as the total number of times that an individual activated the
switches within each period (12 h), and daily and nocturnal activity per individual
were compared. Daily activity and its relationship with ambient temperature were
analysed with a Wilcoxon matched-pairs test, comparing values obtained per
individual at the same hour under different temperatures. Comparisons were made
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with total daily activity, and diurnal and nocturnal activity, separately. All results
are shown as mean7S.E.

3. Results

3.1. Field observations

There were seasonal differences in above-ground activity of S. cyanus. During
summer coruros showed a bimodal activity pattern, with a conspicuous peak from
0800 to 1100 h, and a smaller one from 1600 to 1800 h (Fig. 1a). The low activity
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Fig. 1. Surface activity and environmental temperatures 0.6m above-ground (Ta), at the surface (Ts), and

1.5m under ground (Tg), at different times of the day during summer and winter. Periods of darkness are

represented with black zones, periods of light with white zones. The dashed line represents the lower limit

of the thermoneutral zone of S. cyanus, according to Contreras (1986). Data are shown as mean 7 S.E.
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values observed between 1100 and 1600 h were coincident with the maximum values
of Ta; Ts and Tg: Surface temperature (Ts) was particularly high, surpassing 321C
during this period, while the maximum value attained inside the burrows, Tg; was
20.41C (Fig. 1a).

On the other hand, winter activity did not show the bimodal pattern observed
during summer, and a single activity peak from 1000 to 1600 h was detected
(Fig. 1b). During this season Ta; Ts and Tg were remarkably similar, contrary to the
pattern observed during summer, exceeding 201C from 1100 to 1400 h, with a
maximum value of temperature of 21.61C at the surface.

3.2. Activity in the laboratory

In the laboratory we observed a defined daily rhythm of activity in S. cyanus

similar for both temperatures of measurement (Fig. 2). Animals were significantly
more active during the night, from 2000 to 0800 h, at both 151C and 301C (Z ¼ 3:36;
po0:001 and Z ¼ 4:12; po0:001; respectively; Fig. 3).

Regarding the effects of ambient temperature on overall activity levels, we
observed significant differences between measurements at 151C and 301C. Animals
were more active when submitted to 151C (Z ¼ 2:66; p ¼ 0:008; Fig. 4). These
differences were also reflected in diurnal and nocturnal activity, when analysed
separately (Z ¼ 4:09; po0:001 and Z ¼ 2:02; p ¼ 0:044; respectively; Fig. 4).

4. Discussion

Our laboratory and field approaches showed contrasting results regarding activity
patterns of S. cyanus. In the field these animals displayed diurnal above-ground
activity. In fact, no animals were trapped at night in this study or in previous ones
(Reig, 1970; Contreras, pers. comm.). Such a pattern suggests restricted nocturnal
activity in S. cyanus. Nevertheless, in laboratory all individuals showed higher
activity during dark periods. Thus, under semi-natural conditions nocturnal activity
appears to be conspicuously higher, with activity patterns similar at both
temperatures, but coruros do remain active to some degree during the day
(Fig. 2). These results are in agreement with the latest report of activity patterns
of S. cyanus under laboratory conditions (Begall et al., 2002).

Previous papers have shown differences in daily activity patterns of some fossorial
species depending on the approach used to study them (e.g. Kenagy, 1976; Benedix,
1994). In addition to the diurnal/nocturnal controversy on the activity of S. cyanus,
Contreras (1986) described non-rhythmicity on metabolic rates of S. cyanus, which
seems to be characteristic of a fossorial mode of life (see Kenagy and Vleck, 1982).
Contreras’ laboratory approach and our own were, however, carried out under a
controlled thermal environment, which does not necessarily reflect real conditions in
the field. Nevertheless, such a pattern (or the absence of it) reinforces our prediction
that changes in behavior, rather than in physiology, are likely to cope with
environmental thermal variation and, therefore, thermoregulatory costs.
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Our laboratory experiments showed that, when ambient temperature is controlled,
animals display nocturnal locomotor activity in their artificial galleries. The
generality of this pattern (see Fig. 3) suggests that this behavior is shared among
all individuals of S. cyanus, and not a merely attribute of some animals within a
population, as described for C. talarum (Luna et al., 2000). Two factors, however,
must be taken into account: (i) our sample might be reflecting males activity patterns,
as only one female was measured in the laboratory, and (ii) we did not determine if
such a nocturnal pattern inside their galleries would also reflect above-ground
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activity. It has been described that, under laboratory conditions, S. cyanus spent
almost 90% of their time underground when able to burrow, and above-ground
activity was always during periods of dark (Begall et al., 2002). However, food was
provided only on the soil surface and temperature was maintained constant through
the light–dark cycle (Ta=251C), possibly overestimating above-ground activity when
compared with natural conditions. In the field, above-ground activity of S. cyanus
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occurs diurnally, with marked differences between summer and winter (Fig. 1), and
the bimodal pattern observed during summer is in agreement with preliminary data
on underground activity through radiotelemetry (Lacey, Ebensperger and Wieczor-
ek, unpublished data). Diurnal above-ground activity probably increases predation
risk to coruros, which being black colored, are more conspicuous during day light
(see Jaksic et al., 1981). Thus, factors other than predation are should be affecting
S. cyanus activity rhythms in the field, and generating the apparently incongruent
results previously described.

Seasonal changes in daily activity have also been reported in Ammospermophilus

leucurus, a semi-fossorial sciurid species, as well as in O. degus, a closely related
species of S. cyanus (Chappell and Bartholomew, 1981; Kenagy et al., 2002). This
switch from a bimodal to an unimodal pattern has been related with environmental
thermal constraints on activity patterns, and that was shown to be the case for both
of the species previously mentioned (Chappell and Bartholomew, 1981; Bacigalupe
et al., 2002). Our results strongly suggest that the differences observed between field
and laboratory activity of coruros could be indeed the consequence of differential
use of burrows depending on environmental temperature. In fact, previous studies
on S. cyanus energetics have shown that this species is very sensitive to thermal
stress. Thermal acclimated individuals exhibited low metabolic plasticity as well as
low tolerance to lower temperatures (Nespolo et al., 2001). Also, S. cyanus is not able
to maintain body temperature when ambient temperature surpasses 321C
(Contreras, 1986). In the field, low activity during the day at summer occurs when
Ts attains its higher values (Tso321C; Fig. 1a), suggesting that this variable may be
constraining above-ground activity. On the other hand, the activity peak observed in
winter occurs simultaneously with the higher values of ambient temperature, even
though these never exceed 221C (being approximately 51C below the lower limit of
thermoneutral zone of S. cyanus; Contreras, 1986). Thus, above-ground activity of
coruros during winter has additional energetic costs in order to maintain body
temperature. Activity outside burrows appears to be, therefore, thermally
constrained, and animals are active outside their galleries at times where ambient
temperatures are less stressful.

As Nevo (1999) stated, the activity of subterranean herbivore and insectivore
rodents appears to be linked with feeding periods. Literature regarding foraging
behavior of S. cyanus suggests that this species usually feeds underground, and only
rarely venturing outside their burrows (Torres-Mura and Contreras, 1998; but see
Begall and Gallardo, 2000). Nocturnal activity in the laboratory is certainly linked
with these foraging periods, and the greater locomotor activity observed at 151C
could be the result of animals facing higher thermoregulatory costs in this treatment
(Fig. 4). As most of the activity of subterranean mammals takes place underground
and involves maintaining and expanding their burrow system (Vleck, 1979, 1981;
Nevo, 1985), we postulate that S. cyanus spend the night foraging (and therefore
digging). On the other hand, surface deposition of soil accumulated during
burrowing, characteristic of other subterranean species (see Benedix, 1994), may
occur only when ambient temperatures allow for it. The maintenance of some
locomotor activity in the laboratory during the day could be explained at least in
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part due to this second behavior, extremely important in the field but not possible
under our laboratory conditions.

Another factor that may affect activity within this species that was not taken into
account in the laboratory, is sociality. Kenagy (1976) postulated that social isolation
was one of the factors explaining differences between activity patterns of Dipodomys

merriani in captivity and field. This could be the case for S. cyanus as well. Begall and
colleagues showed that coruros tested in individual records showed mostly nocturnal
activity, while this pattern was not so conspicuous in group records, where
individuals were active also during the day (Begall et al., 2002). These authors also
suggest a strong social interaction effect on rhythmicity of S. cyanus. Moreover,
coruro colonies may have as many as 26 individuals, and territorial behavior has
been described in this species (Torres-Mura, 1990; Torres-Mura and Contreras,
1998). In this context, because individuals within the observed colony were never
marked, diurnal surface activity reported in this study could result from the
observation of several distinct individuals active above-ground at different hours
of the day. For instance, Benedix (1994) observed a bimodal pattern of activity in
G. bursarius, though it was emphasized that the same individuals were never active
throughout the entire periods. Sex differences in temporal and spatial activity may
also be affecting our conclusion of a general activity pattern in S. cyanus. Although
sex-related differential activity might be explaining why more males were captured in
this study, our previous experience in another population suggests that that is not the
case, as several females were captured (one individual being pregnant; Rezende and
Bacigalupe, pers. obs.). Future works using telemetry or marking individuals may
provide the solution for this question.

In summary, it is quite clear that field or laboratory studies per se may lead
researchers to different conclusions; therefore, extrapolations should be carried out
cautiously. In this context, S. cyanus provides another example of ambiguous results
regarding daily activity patterns on subterranean species. So far, our results
emphasize that, despite the maintenance of a relatively constant thermal environ-
ment inside burrows when compared with above-ground fluctuations, ambient
temperature does affect activity patterns of subterranean species in both temporal
and spatial scales. On the other hand, because activity patterns appear to be diverse
among subterranean species, it is important to add more information regarding daily
activity on other subterranean rodents.
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