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ABSTRACT. Activity patterns are a fundamental aspect of the biology of many species, with important implica-
tions for survival and reproduction. Typically, such patterns of activity are thought to be entrained by light cues,
raising intriguing questions about the nature of circadian rhythms in subterranean species, members of which
spend virtually their entire lives in dark, underground burrows. As part of ongoing studies of the behavioural
biology of the Rio Negro tuco-tuco (Ctenomys rionegrensis), we used data from free-living animals to character-
ize daily patterns of activity in this subterranean species of rodent. The locations of 5 radiocollared adults were
recorded hourly for 72 consecutive hours during November, 2005. Analyses of 5 measures of activity based on
these data revealed that individuals changed locations more often and moved greater distances between suc-
cessive radio fixes during daylight hours. These data are consistent with studies of other ctenomyid rodents
in suggesting that C. rionegrensis tends toward diurnality. Comparisons with other lineages of subterranean
rodents indicate that activity patterns vary markedly among these burrow-dwelling mammals, with substantial
intra- as well as inter-specific differences in activity reported.

RESUMEN. Patrones de actividad diaria en libertad de los tuco-tucos de Rio Negro (Ctenomys rionegrensis).
Los patrones de actividad son un aspecto fundamental de la biologia de muchas especies, con gran impacto
en su sobrevivencia y reproduccion. Tipicamente, se considera que los patrones de actividad, aun siendo endé-
genos, se sincronizan con la luz, lo cual plantea interrogantes sobre la expresion de los ritmos circadianos en
las especies subterraneas, cuyos miembros pasan virtualmente toda su vida en oscuras cuevas subterraneas.
Como parte del estudio de la biologia del comportamiento del tuco-tuco de Rio Negro (Ctenomys rionegrensis),
colectamos datos de animales en condiciones naturales para caracterizar el patrén diario de actividad en esta
especie de roedor subterraneo. Se registr6 la localizacion de 5 individuos cada hora durante 72 horas consecu-
tivas en noviembre 2005. El analisis de 5 medidas de actividad calculadas a partir de los datos mostr6 que los
individuos cambian de localizacién mas frecuentemente y se mueven mayores distancias durante el dia. Esta
tendencia a mayor actividad diurna es consistente con estudios realizados en otras especies de ctendmidos. Las
comparaciones con otros roedores subterraneos muestran que el patréon de actividad diario es un rasgo muy
variable, con importantes variaciones tanto dentro como entre especies.
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INTRODUCTION

Circadian patterns of activity are a critical
component of the biology of many organisms
(Horton, 2001). Circadian rhythms fulfill a
wide range of functions, from mediating pre-
dation pressures to synchronizing reproductive
activities (Sharma, 2003; Paranjpe and Sharma,
2005). Endogenous circadian clocks are typi-
cally entrained to a 24-hour cycle by external
cues, one of the most important of which is
ambient light (Ben-Shlomo and Kyriacou, 2002;
Cermakian and Sassone-Corsi, 2002; Sharma
and Chandrashekaran, 2005; Golombek and
Rosenstein, 2010). Depending upon how in-
dividuals respond to light cues, members of a
species will be diurnal, nocturnal, crepuscular,
or arrhythmic with regard to circadian patterns
of activity (Doyle and Menaker, 2007). The
diversity of patterns of activity evident among
mammals suggests they are adaptive and may be
influenced by the ecological conditions under
which a species lives (Halle, 2000).

Because subterranean rodents spend virtu-
ally their entire lives in underground burrows
(Nevo, 1979; Lacey et al., 2000), it has been
suggested that these animals are less subject
to entrainment by light cues and thus should
display less pronounced circadian patterns
of activity than surface-dwelling rodents
(Ben-Shlomo et al., 1995; Buffenstein, 2000).
Subterranean rodents are challenging to study
in the field, with the result that analyses of
activity patterns in some species have been
conducted primarily under laboratory condi-
tions (e.g., Begall et al., 2002; Oosthuizen et
al., 2003; Hart et al.,, 2004). Those studies
that have examined natural populations of
subterranean rodents have revealed a variety
of diel patterns of activity, including species
that are primarily diurnal (e.g., Thomomys
bottae: Gettinger, 1984; Spalacopus cyanus:
Urrejola et al., 2005; Ctenomys talarum: Cu-
trera et al., 2006; Fukomys anselli: Skliba et
al., 2014), species that are primarily noctur-
nal (e.g., Georychus capensis: Lovegrove and
Papenfus, 1995; Fukomis mechowii: Lovy et
al., 2013), and species in which activity oc-
curs in bouts throughout the 24-hour cycle
(e.g., Cryptomys hottentotus: Hickman, 1980;

Fukomys damarensis: Lovegrove, 1988). In
addition, pronounced individual variation in
circadian activity has been reported within
some species (Kushnirov et al., 2000), thus
adding a level of complexity to efforts to
identify the adaptive bases for differences in
circadian behavior. Collectively, these findings
suggest that there is no consistent effect of
a subterranean lifestyle on activity patterns
(Buffenstein, 2000).

Tuco-tucos (genus Ctenomys) are subter-
ranean rodents that occur throughout much
of sub-Amazonian South America, where they
occupy habitats ranging from arid coastal sand
dunes to mesic montane meadows. Although
the behavioral biology of most tuco-tucos re-
mains poorly known, the genus includes both
solitary and social species (Lacey, 2000). With
regard to daily rhythms, the few studies that
have monitored the activity of free-living cte-
nomyids, indicate that the solitary C. talarum
tends to be most active during daylight hours
(Cutrera et al., 2006) and that the group-
living C. sociabilis is strictly diurnal (Lacey et
al., 1997). Similarly, observational studies of
C. knightii housed under semi-natural condi-
tions have revealed that members of this solitary
species are active at the soil surface (e.g., forag-
ing, burrow excavation) during daylight hours
(Tomotani et al., 2012). Although all three of
these species are active during the daytime,
interspecific variation is evident in their daily
patterns of activity, raising intriguing questions
regarding the role of factors such as social
structure and ecology in shaping circadian
rhythms in these animals.

The Rio Negro tuco-tuco (C. rionegrensis)
is endemic to western Uruguay, where it oc-
curs at high densities (40 adults/ha) in sandy
dune habitats (Tassino, 2006). This species is
unusual among ctenomyids in that it exhibits
an apparently intermediate form of social
structure characterized by occasional spatial
overlap among adults resident in different bur-
row systems (Tassino et al., 2011). The aim of
this study was to characterize daily patterns of
activity in a natural population of this species.
In particular, we sought to compare patterns
of activity in C. rionegrensis to those reported
for other species of tuco-tucos.
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MATERIALS AND METHODS
Study population

The population of C. rionegrensis studied was located
at El Rincon, Departamento de Rio Negro, Uruguay
(33220’ 43 S, 582 17" 45 W). The study site consisted
of old sand dunes located between the Rio Negro and
the Rio Uruguay. The climate at this site was temper-
ate and rainfall was evenly distributed throughout
the year, with an average annual precipitation of
1130 mm and a mean monthly temperature of
21.8 °C. Vegetation at the site consisted of a mixture
of patchily distributed annual grasses and woody
shrubs. The estimated density of tuco-tucos in the
60 x 60 m study area was 64 individuals per hectare
(Tassino, 2006).

Members of the study population were captured
using Oneida-Victor live-traps. Burrow entrances
containing fresh (moist) soil plugs were opened and
a trap was placed inside the adjoining tunnel. Traps
were checked every 2 hours; captured animals were
removed as soon as they were detected. Although
traps were set at all burrow entrances character-
ized by fresh soil plugs or mounds, we did not
systematically attempt to capture all animals in the
study population (e.g., individuals were not held in
captivity to determine if additional animals were
resident in the same burrow system; Lacey et al.,
1997). As a result, it is possible that not all adults
resident within the focal study area were included
in our analyses.

The locality at which each animal was captured
was recorded to the nearest meter using a refer-
ence grid established on the study site (see below).
The weight and sex of each individual captured
were recorded. The age (juvenile or adult) of each
individual was determined on the basis of body
weight (Tassino and Passos, 2010). For adult
females, reproductive status (e.g., pregnant, lac-
tating) was assessed via visual inspection of the
external genitalia, palpation of the abdomen, and
vaginal lavage (Tassino and Passos, 2010). Due to
the limited number of radiocollars, only a subset
of the adults captured were fitted with them (see
below). Upon completion of these procedures,
each individual was released into the burrow in
which it was captured. All procedures were ap-
proved by institutional and national agencies (Exp
240011-002308-14, Comisiéon Honoraria de Experi-
mentacion Animal, Universidad de la Republica,
Uruguay) and conformed to the guidelines for
research established by the American Society of
Mammalogists (Sikes et al., 2011).

Radiotelemetry studies

Ten animals were fitted with radiocollars (G3-1V
transmitters; AVM Instruments, Colfax, California)
on September 2005 as part of a study of spatial
relationships among members of the study popula-
tion (Tassino et al., 2011). Each radiocollar weighed
approximately 5 g, which represented ~ 3% of the
body weight of an adult C. rionegrensis. Due to
transmitter failures and apparent predation, only 4
females (weight 146.5+13.4 g) and 1 male (weight
210 g) were available for this study; these individuals
were radiotracked for 72 consecutive hours from 9
November (19:00 h) until 12 November (19:00 h).
During this period (the late austral spring), sunrise
occurred at 06:30 and sunset occurred at 20:30.

Throughout the sampling period, the location of
each radiocollared individual was recorded hourly.
Locations were determined using a handheld 3-el-
ement Yagi directional antenna and an LA12-Q
receiver (AVM Instruments, Livermore, California).
To minimize potential disturbance of the study ani-
mals, we approached each burrow system occupied
by a radiocollared animal slowly and carefully. To
facilitate data collection, the study site was gridded
into 4 x 4 m squares. Using this grid, we recorded
the location of each radio fix to the nearest meter.
Fixes of radiotransmitters placed at known locations
revealed this procedure to be accurate to within
0.5 m (Lacey et al., 1997; Urrejola et al., 2005). Radio
fixes were converted to Cartesian coordinates for
analysis. In addition, we recorded the occurrence
of all tuco-tuco vocalizations heard during each
hourly scan. After all data had been collected, the
study animals were recaptured and their radiocol-
lars were removed.

Measuring animal activity

Five behavioural measures were used to characterize
patterns of activity in the study population. Four
of these measures were employed by Urrejola et al.
(2005) to document activity in cururos (Spalacopus
cyanus). Based upon observations of our study ani-
mals, we added an additional measure that recorded
whether an individual moved between radio fixes.
Thus, the following measures used to characterize
activity in our study population:

(1) Percentage of fixes outside of nest. Telemetry
data revealed a single most-frequently used locality
per individual that was identified as that animal’s
putative nest site. Animals were located at puta-
tive nest sites in 42.1+17.9 % of radiofixes (range
23.2-62.5%). Given the accuracy of our telemetry
data, all fixes located within a 0.7 m radius of this
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locality were considered to be in the putative nest.
Once the location of each putative nest had been
determined, the percentage of fixes occurring out-
side of the nest was calculated for each individual.

(2) Distance to putative nest. For each radio fix,
the distance to that individual’s putative nest was
calculated. To account for potential differences in
burrow system size, we divided each distance by
the maximum distance from the nest recorded for
that animal.

(3) Change in location between successive scans.
For each radio fix, we determined whether an in-
dividual had changed locations since the previous
fix. For each individual, we then determined the
percentage of interfix intervals during which that
animal had moved.

(4) Distance between successive scans. For each
location identified via telemetry, we calculated the
distance that the individual had moved since the
previous fix. These values were standardized by
dividing each distance by the maximum distance
that the individual moved between successive fixes.

(5) Vocalizations. For each fix, we recorded
whether spontaneous vocalizations in the study
population were detected. Because the identity of
the animal(s) calling was difficult to determine, we
quantified only the occurrence of vocalizations and
not the number of individuals or number of distinct
calls detected.

Statistical analyses

Because daylight is thought to be an important
entrainment cue for circadian patterns of activity
(Ben-Shlomo and Kyriacou, 2002) and because previ-
ous studies of subterranean rodents have contrasted
diurnal and nocturnal patterns of activity (e.g., Ur-
rejola et al,, 2005; Cutrera et al.,, 2006), we partitioned
our data into those radiofixes collected during the
night (21:00 to 06:00) versus those collected dur-
ing the day (07:00 to 20:00). Accordingly, the 72-hr
data collection period was divided into 3 night-day
cycles. For each sampling period, we then calculated
either the sum (categorical variables) or the mean
(continuous variables) for each measure of activity
for each animal monitored. Because the number of
radiofixes per individual sometimes varied within a
given day- or night-time sampling period, data for
each individual were standardized by dividing by
the total number of fixes (or interfix intervals) for
that animal during the sampling period in question.

Because the same individuals were monitored
throughout the study, locations recorded during
different day- and night-time sampling periods were
not independent of one another. Thus, measures of

day- and night-time activity were compared using
Friedman’s ANOVAs, with individuals as blocks
and day and night as treatments (Urrejola et al.,
2005). Post-hoc analyses were completed using
Wilcoxon Signed-Rank tests, with a Bonferroni
correction applied when multiple post-hoc tests
were conducted. Frequencies of day- and night-time
vocalizations were compared using Fisher’s exact
test. Throughout the text, means are reported + 1 SD.
Statistical analyses were performed using Statistica
6.0 (StatSoft 2008).

RESULTS

The mean distance between adjacent cap-
ture locations was 8.9+5.3 m (N=5; range:
4.1-17.0 m) and the mean distance between
adjacent putative nests was 11.9+4.2 m (N=5;
range 8.3-16.6 m). Although all data were col-
lected over the same 72-hr period, the number
of fixes per individual varied due to difficulties
detecting the signals for two animals during
some radiofixes. As a result, the mean total
number of fixes per individual was 68.4+4.3
(range 61-71). When fixes were partitioned
into daytime versus nighttime sampling peri-
ods, the means per individual were 39.2+3.0
and 29.2+ 1.3, respectively. The mean total
number of interfix intervals per animal was
65.6+7.0 (range 54 - 70), with 36.6 +5.6 diurnal
and 29.0+ 1.4 nocturnal interfix intervals per
individual (Table 1).

Graphic representation of the data shown
that members of the study population were
active in irregular bursts throughout each
24-hr cycle, with no clearly discernible daily
pattern of activity (Fig. 1). Analyses of the 5
quantitative measures of activity considered
revealed the following:

(1) Percentage of fixes outside of nest. When
all data points were considered, a mean of
44.04+9.5 % of fixes per individual were lo-
cated outside of the putative nest site. When
these data were partitioned into day- versus
night-time fixes, the mean percentages of fixes
located outside of the nest were 59.1+16.9
% and 57.7+22.4 %, respectively (Fig. 2a).
The percentage of fixes located outside of the
nest did not differ significantly between day-
and night-time sampling periods (Friedman’s
ANOVA x*=1.6, d.f. 5, p=0.91).
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Table 1
Summary of attributes of the adult C. rionegrensis monitored during this study. For each animal, sex, home-range size, maximum distance moved between fixes,

and number radio fixes and interscan intervals monitored are provided. Data on home range size are from Tassino et al. (2011).

Maximum

distance located

Maximum distance

Home-

range (m?)

Sex

Number of 1 h interscans

Number of fixes

moved between
succesive scans (m) away from nest
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12
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13

13

10

9.8

9.0

89.8

14 10 14 10 12

10

14 10 14 10 13

10

14

14.6

106.6

?

(2) Distance to nest. Overall, the mean per-
centage of an individual’s maximum distance to
its nest was 19.5+11.2 %, which corresponds to
a linear distance of 2.5+ 1.5 m. When these data
were partitioned into day- versus night-time
fixes, the mean percentages were 20.3+11.7%
and 18.4+11.0 %, respectively (Fig. 2b). As
with the percentage of fixes outside of the nest,
the percentage of maximum distance from the
nest did not differ significantly between day-
and night-time sampling periods (Friedman’s
ANOVA x?*=4.9, d.f. 5, p=0.43).

(3) Changes in locations. When all data points
were considered, a mean of 89.4 + 6.4% of inter-
fix intervals per individual (N =54-70 intervals)
included a change in location (Fig. 3a). For
daytime fixes, a mean of 93.8 + 3.8% of intervals
(N'=40 intervals) included a change in location
versus 83.7+10.7% of intervals (N=30 inter-
vals) between nighttime fixes (Fig. 3a). This
difference was significant (Friedman’s ANOVA
x*=11.8, d.f. 5, p=0.037), although subsequent
post-hoc tests failed to reveal significant con-
trasts between specific day- and night-time
sampling periods (all n.s., Bonferroni corrected
a=0.0083).

(4) Distance between successive scans. Overall,
the mean distance moved between successive
fixes was 2.9+1.2 m (N=54-70 intervals),
which represents 21.9+8.0% of the maximum
distance moved between scans (Fig. 3b). When
day- and night-time fixes were considered
separately, the mean distances moved were
25.0+8.4 % (N=41 intervals) and 18.1+8.0%
(N'=30 intervals), respectively, of the maximum
distances moved (Fig. 3b). This difference
was significant (Friedmans ANOVA x*=17.0,
d.f. 5, p=0.004), although subsequent post-hoc
tests revealed no significant contrasts between
specific day- and night-time sampling periods.

(5) Vocalizations. Vocalizations were detected
during 34 (47.9%) of hourly scans; 46.3% of
daytime scans included vocalizations versus
50.0% of nighttime scans; this difference was
not significant (x*=0.093, d.f. 1, p=0.76).

DISCUSSION

This study is the first to provide quantita-
tive data regarding daily patterns of activity
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Fig. 1. Distance moved between successive radiofixes as a percentage of maximumm distance moved between fixes dur-
ing the 72 hour study period. Data are from a subset of two individuals, one male and one female. Gray bar indicates
night periods.
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Fig. 2. Measurements of activity relative to the putative nest. (a) mean (+ 1 SD) percentage of fixes in which individuals
(N'=5) were located outside of their putative nest. (b) mean (+ 1 SD) percentage of maximum distance from the nest. In
both panels, daytime (white bars) and nighttime (black bars) sampling periods are denoted. No significant differences were
found between daytime and nighttime values for either of these measures of activity (both p> 0.05).

in C. rionengrensis. Our results indicate that and night-time fixes, suggesting that although
members of the study population were active movement was greater during daylight hours,
throughout the 24-hr cycle. However, two of proximity to the nest did not vary across the
the measures employed—frequency of changes 24-hr cycle.

in location between fixes and distance between Our finding that members of the study
fixes—suggested that the animals were more population tended to move more during the
active during the daytime. Interestingly, mea- daytime is generally consistent with data from
sures of activity based on the location of an other species of ctenomyids for which patterns

individual’s nest did not differ between day- of activity have been documented in free-living
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Fig. 3. Measurements of movements between radio fixes. (a) mean (+ 1 SD) percentage of interfix intervals during which
an individual changed locations. (b) mean (+ 1 SD) percentage of the maximum distance moved by an individual between
fixes. In both panels, daytime (white bars) and nighttime (black bars) sampling periods are denoted. For both measures,
activity was significantly greater (p<0.05) during daytime sampling periods.

individuals. In C. talarum, the rate of movement
between successive radiofixes was significantly
greater during the daytime (Cutrera et al,
2006). In C. sociabilis, comparisons of the loca-
tions of daytime and nighttime radiofixes re-
vealed a striking tendency for individuals to be
outside of the nest only during daylight hours
(Lacey et al., 1997). Finally, direct observations
of members of a semi-natural population of
C. knighti (Tomotani et al., 2012) revealed that
individuals were regularly active at the soil
surface during daylight; although comparable
nighttime data were not obtained, this result
indicates that, minimally, members of the study
population were active during the day. Thus,
among the ctenomyid species studied to date,
there appears to be a consistent tendency for in-
dividuals to be more active during the day, with
at least some measures of activity indicating that
C. rionegrensis, C. talarum, and C. sociabilis are
more active during daylight hours.

Greater activity during daylight hours has also
been reported for several other taxa of subter-
ranean rodents (Tachyoryctes splendens: Jarvis,
1973; T. bottae: Gettinger, 1984; N. ehrenbergi:
Rado et al, 1993; S. cyanus: Urrejola et al.,
2005; Heliophobius argenteocinereus: Skliba et
al., 2007; E anselli: Skliba et al., 2014). In con-
trast, at least one species of African mole-rat
is more active at night (E mechowii: Lovy et

al., 2013), while other species of subterranean
rodents show no difference between diurnal and
nocturnal activity (T. talpoides Andersen and
MacMahon, 1981; Geomys attwateri: Cameron
et al., 1988; E damarensis: Lovegrove, 1988;
Geomys bursarius: Benedix Jr., 1994). Conse-
quently, across the wider range of rodent taxa
recognized as subterranean (Nevo, 1979; Lacey
et al., 2000), there is considerable variability in
patterns of circadian activity.

Because the studies of circadian activity
in subterranean rodents reviewed here were
conducted in field settings, interspecific varia-
tion in activity patterns cannot be attributed
to contrasts between natural and laboratory
conditions (eg., Begall et al., 2002; Urrejola et
al., 2005) nor to associated differences in the
sensitivity of the measures used to document
activity in these distinct settings (eg., Zenuto
et al,, 2002). Instead, the interspecific variation
in activity patterns revealed by these studies
suggests that the selective pressures shaping
circadian rhythms vary among subterranean
taxa. In particular, the differences evident
among African mole-rats (family Bathyergidae)
suggest that this variation is adaptive, rather
than solely a result of the distinct evolution-
ary histories of the different subterranean
lineages. The selective pressures favouring
diurnality (or other patterns of circadian
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activity) remain poorly understood (Smale et
al., 2003) but may include foraging ecology,
predation pressure, physiology, and burrowing
requirements. Although social structure has
also been suggested as a potential correlate of
differences in circadian activity (eg., Bennett,
2009), the available data reveal no conspicuous
relationship between social structure and diel
rhythms, with both social (e.g, C. sociabilis,
E damarensis, E mechowii) and solitary (e.g.,
C. talarum, G. attwateri, N. ehrenbergi) species
displaying the full range of circadian patterns
identified among subterranean rodents: diurnal,
nocturnal, and arrhythmic.

Despite a general tendency to be more mobile
during daylight hours, members of our study
population displayed considerable variation in
individual patterns of daily activity. Intraspe-
cific variability in circadian activity has been
reported in for other subterranean rodents, in
which activity by different individuals occurs in
asynchronous bursts throughout the 24-hr cycle
(T. talpoides: Andersen and MacMahon, 1981;
G. attwateri: Cameron et al., 1988; S. ehrenbergi:
Kushnirov et al., 2000; E mechowii: Lovy et al.,
2013). More generally, there is considerable
individual variability in activity even among
members of those species characterized by sig-
nificant overall patterns of diurnal or nocturnal
circadian activity (C. talarum: Cutrera et al.,
2006; H. argenteocinereus: Skliba et al., 2007).
This variation is particularly conspicuous in
laboratory studies that allow longer and more
accurate measurements of individual activity
and that may be free of important external
constraints on activity such as diurnal patterns
of predation (e.g., Oosthuizen et al., 2003; De
Vries et al., 2008).

Potential correlates of variation in circadian
activity require additional study. Such pat-
terns may vary temporally (e.g., N. ehrenbergi:
Kushnirov et al., 2000), perhaps reflecting
seasonal differences in resource availability,
reproductive status, or opportunities for bur-
row expansion (Zenuto et al., 2001). Previous
studies of C. rionegrensis (Tassino et al., 2011)
suggest that patterns of space use vary season-
ally in this species, raising the possibility that
activity patterns also vary over time. Future

studies will document activity by members of
the study population during multiple portions
of the year to explore this potential source of
variation in activity rhythms. Within seasons,
individual variation in activity patterns may
reflect differences in sex, physical condition, or
burrow quality. By monitoring larger numbers
of animals per sampling period, future studies
of C. rionegrensis will explore these potential
correlates of intraspecific variation in activity
patterns. Combined with data regarding the
phenotypic attributes of and the environmental
conditions experienced by individuals, these
analyses will provide a much more comprehen-
sive understanding of the nature and potential
correlates of daily patterns of activity in this
species of subterranean rodent.
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