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ABSTRACT. Daily activity patterns are a fundamental component of a species’ biology and have implications

for numerous elements of organismal function. Because these patterns may be a�ected by environmental

conditions, the setting in which activity data are collected is critical. Although the daily activity patterns of the

Velasco tuco-tuco (Ctenomys famosus) have been studied extensively in the laboratory and in semi-natural

enclosures, no information on activity is available for free-living members of this species. To characterize

activity by these subterranean rodents in their natural environment, we used radiotelemetry to record

the locations of 17 adults at hourly intervals for 72 consecutive hours. These data revealed a tendency for

members of the study population to be diurnal, with individuals changing locations more often, traveling

farther between radio �xes, using larger areas, and spending less time in putative nests during daylight hours.

Diurnality index values calculated for these animals also suggested greater daytime activity. Although diurnal

behavior has been reported for free-living populations of several other ctenomyid species monitored by

radiotelemetry, the strength of this tendency appears to vary, raising interesting questions about the factors

that determine daily activity patterns in the genus Ctenomys.

RESUMEN. PATRÓN DE ACTIVIDAD DIARIA EN TUCO-TUCOS DE VIDA LIBRE (RODENTIA:
CTENOMYIDAE), DE ANILLACO, PROVINCIA DE LA RIOJA, ARGENTINA. Los patrones diarios de

actividad son un componente fundamental de la biología de una especie, que tienen implicancias en numerosos

elementos de la función del organismo. Debido a que esos patrones pueden verse afectados por las condiciones

ambientales, el entorno en el cual se toman los datos de la actividad resulta crucial. Aunque los patrones de

actividad diaria del tuco-tuco del Velasco (Ctenomys famosus) han sido estudiados ampliamente en laboratorio

y recintos seminaturales, no hay información disponible sobre la actividad en libertad para los miembros

de esta especie. Con el objetivo de caracterizar el patrón de actividad de estos roedores subterráneos en su

entorno natural, utilizamos radiotelemetría para registrar las ubicaciones de 17 adultos a intervalos de una hora

durante 72 horas consecutivas. Estos datos revelaron una tendencia de los miembros de la población de estudio

a ser diurnos, con individuos que cambian de ubicación con más frecuencia, se mueven una mayor distancia

entre puntos �jos, utilizan áreas más grandes y pasan menos tiempo en sus nidos durante la fase clara del día.

A su vez, los valores del índice de diurnalidad también han sugerido una mayor actividad diurna. Aunque

se ha descrito el comportamiento diurno de las poblaciones de vida libre de otras especies de ctenomyidos

monitoreadas mediante radiotelemetría, esta tendencia parece variar, lo que genera interesantes preguntas

sobre los factores que afectan a los ritmos diarios de actividad en el género Ctenomys.
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INTRODUCTION
In many mammals, activity tends to be temporally

organized, with species often classi�ed as diurnal,

nocturnal, crepuscular, or ultradian based on the

portion of the light-dark cycle when most activity

occurs (Doyle & Menaker 2007). Determining when

during the 24-hour cycle an animal is active can

generate important insights into multiple aspects of

its biology. For example, the timing of activity can

a�ect the thermal conditions to which an individual

is exposed (Hut et al. 2012), the food resources that

it consumes (Tyler et al. 2016), and the predation

risks that it experiences (Lima & Bedneko� 1999).

Accordingly, characterizing temporal activity pat-

terns can improve understanding of the physiolog-

ical and ecological challenges faced by members

of a population (Jannetti et al. 2019). Extending

these analyses to include comparative data from

multiple populations or species can in turn reveal

more general relationships between environmental

conditions and activity patterns, such as factors

contributing to di�erences between predominantly

diurnal and predominantly nocturnal taxa (Halle &

Stenseth 2000).

Tuco-tucos are subterranean rodents in the genus

Ctenomys. This speciose clade (> 60 named forms) oc-

curs throughout the southern half of South America

(Bidau 2015). All species are adapted to hypogeous

life, although individuals routinely emerge above

ground to eject soil from their tunnels and to for-

age on surface-growing vegetation (Tomotani et al.

2012). To date, few studies of daily activity patterns

have been completed for members of this genus.

However, available data suggest that these patterns

vary among species, possibly related to di�erences

in social organization. For example, radiotelemetry

studies of a free-living population of C. sociabilis
have revealed that members of this group-living

species leave their nests only during daylight hours

(Lacey et al. 1997). Similarly, telemetry studies of

a group-living population of C. opimus indicate

that these animals are markedly diurnal in terms of

activity outside the nest (O’Brien et al. 2020). In con-

trast, telemetry data from a free-living population of

solitary C. rionegrensis revealed no signi�cant di�er-

ence in the frequency with which individuals were

encountered outside their nests during the daytime

versus the nighttime (Estevan et al. 2016). Although

telemetry studies on a free-living population of

solitary C. talarum also indicate a tendency toward

diurnality – in this case based on distance traveled

between hourly radio �xes – activity was evident

during all phases of the 24-hour cycle (Cutrera et al.

2006). These interspeci�c di�erences in activity pat-

terns suggest that comparative studies of Ctenomys
will prove valuable in elucidating social and other

factors that shape variation in daily activity patterns.

The Velasco tuco-tuco (Ctenomys famosus) occurs

in the Argentine province of La Rioja, where it

occupies xeric habitats at the base of the Sierra del

Velasco Mountains. The daily activity patterns of

these animals have been studied extensively both

in the laboratory and in semi-natural enclosures. In

the laboratory, individuals exhibit a distinct pattern

of nocturnal wheel-running behavior when housed

under a standard 12:12 light-dark cycle (Valentinuzzi

et al. 2009). Gross motor activity measured under the

same conditions using intra-abdominal transpon-

ders also reveals a tendency toward nocturnality,

although this pattern is less pronounced than for

wheel running (Tachinardi et al. 2014). In contrast,

studies of animals housed in semi-natural enclosures

and monitored by both direct visual observations

(Tomotani et al. 2012) and light-logger collars (Flôres

et al. 2016) show substantial aboveground activity

during daylight hours. The use of accelerometers to

monitor individuals in these enclosures has revealed

bouts of activity both during the day and the night;

the majority (77%) of such bouts occur during the

day (Jannetti et al. 2019). This is the only Ctenomys
species where activity patterns have been examined

in detail using multiple methods. However, to date,

activity has not been characterized for free-living

Velasco tuco-tucos. As a result, despite the compar-

atively extensive understanding of daily activity in

these animals, it is not yet possible to evaluate the

activity of free-living members of this species.
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As part of e�orts to characterize the social orga-

nization of the Velasco tuco-tuco, we documented

the locations of free-living individuals at regular

intervals throughout the 24-hour cycle using ra-

diotelemetry. Speci�cally, we used the same metrics

applied to other natural populations of Ctenomys
to (1) characterize the daily activity of this species,

focusing on below-ground aspects of behavior and

(2) examine potential di�erences in activity related

to basic life history parameters such as sex and re-

productive status. Our analyses not only provide the

�rst quantitative description of daily activity in free-

living Velasco tuco-tucos, but also allow for direct

comparisons of activity patterns in this and other

Ctenomys species. Although Velasco tuco-tucos are

not social, neither are they strictly solitary (Amaya

et al. 2021), and thus studies of these animals should

generate important insights into relationships be-

tween social organization and temporal patterning

of activity within the Ctenomyidae.

MATERIALS AND METHODS

Study site and taxon
The population of tuco-tucos studied was located on the

eastern outskirts of Anillaco, La Rioja Province, Argentina

(26º 48´ S; 66º 56´ W; 1.445 m.a.s.l.). Anillaco is located

within the Monte desert biome in west-central Argentina

(Abraham et al. 2009). The climate in this region is arid;

average annual rainfall is 100-200 mm, with precipitation

occurring almost exclusively during the austral summer

(December to February) (Abraham et al. 2009). The study

site consisted of an approximately 2-ha portion of an

abandoned agricultural �eld. The soil at the study site

was sandy and the vegetation was comprised of a mixture

of typical Monte plants (e.g., Zygophyllaceae, Fabaceae
and Cactaceae families, Fracchia et al. 2011) and invasive

grasses (e.g., Eragrostis cilianenensis, Bouteloua aristidoides
andPortulaca sp.). The site was surrounded by extensive

�elds of grapes, walnuts, and olives, all of which were

occupied by tuco-tucos.

Although the tuco-tucos in Anillaco have frequently

been reported as Ctenomys cf. knighti (Valentinuzzi et al.

2009; Fracchia et al. 2011) or C. a�. knighti (Tomotani et

al. 2012; Tachinardi et al. 2014; Flôres et al. 2016; Jannetti

et al. 2019; Yassumoto et al. 2019), a recent analysis based

on cranial morphology and mitochondrial cyt-b locus se-

quence data indicates that these animals are part of Velasco

sub-clade of Ctenomys famosus (Tammone et al. 2022).

Accordingly, we refer to the study population as C. famosus,
but note that previous studies of activity patterns and social

organization in these animals indicate the a�liation with

C. knighti.

Animal capture and marking
All procedures involving live animals followed guidelines

of the American Society of Mammalogists guidelines for

the use of wild mammals in research (Sikes et al. 2016).

Individuals were captured using PVC tube traps as de-

scribed by Amaya et al. (2021). Traps were set by opening

the burrow entrance beneath a fresh mound of soil and

positioning the trap horizontally along the �oor of the

tunnel leading to that entrance. Traps were checked every

two hours and cleaned and repositioned as needed. Traps

that had been plugged with soil were considered indicative

of the presence of uncaught animals. Captured tuco-tucos

were removed as soon as they were detected. These indi-

viduals were transported to the Chronobiology Laboratory

at the Centro Regional de Investigaciones Cientí�cas y
Transferencia Tecnológica La Rioja (CRILAR), located ap-

proximately 1 km from the study area. In the laboratory, the

sex of each animal was determined. It was then weighed

(OHAUS CS series scale, precision ± 1 g) and permanently

marked with a PIT tag (Radiofrequency Identi�cation

Microchip; All�ex P/N 86005-001; 12 mm x 2.1 mm; 0.06 g)

inserted under the skin in the neck area. Subsequently, the

PIT tags were read using a handheld scanner (Global Scan

All�ex RFID Reader). The relative age (juvenile or adult) of

each animal was determined based on body weight, with

males weighing > 160 g and females weighing > 108 g

identi�ed as adults (see also Jannetti et al. 2019); in contrast,

the mean body weight of individuals identi�ed as juveniles

was 19.7 ± 2.6 (range = 17 to 22, N = 4 animals). The

reproductive status of adult females was determined by

visual inspection of the external genitalia (breeding versus

non-breeding) and mammae (lactating) as well as palpation

of the abdomen (pregnant). Because the testes of adult

males are never externally detectable, the reproductive

status of this sex could not be determined. Following these

procedures, all adults were �tted with radio-collars as

described below.

Measuring daily activity in the field
Radiotelemetry was used to characterize daily activity pat-

terns among members of the study population. Telemetry

data were collected from 5 to 15 December 2015 as part

of analyses of the social organization of the study pop-

ulation (Amaya et al. 2021). These dates fall within the

annual breeding season for these animals (Amaya et al.

2021). This portion of the year was chosen for analysis

to increase the comparability of our results with those of

other studies of Ctenomys where activity during the annual

breeding period was monitored by telemetry (e.g., Lacey et

al. 1997; O’Brien et al. 2020). All captured adults were �tted

with radio-collars (G3-1V transmitters; AVM Instruments,

Colfax, California) that weighed approximately 5 g, which

represented less than 4.5% of the minimum body weight

for adults in the study population. The collared individuals

were kept in the laboratory for up to 12 hours to determine

if other individuals were resident in the same burrow

system (Lacey et al. 1997). Thereafter, each animal was

released at the burrow entrance where it had been captured.

Typically, telemetric monitoring of radio-collared in-

dividuals did not begin until > 24 hours after an animal

had been released. Animals were located using a handheld

3-element Yagi antenna and a LA12-Q receiver (AVM

Instruments, Livermore, California). The location of each

animal was recorded to the nearest 0.5 m using a grid (8 x

8 m grid cell size) established on the study site and labeled

with a Cartesian coordinate system. Radio-collars placed

at known locations revealed the accuracy of this procedure

was < 0.5 m (Lacey et al. 1997; Urrejola et al. 2005). In
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general, radio �xes were recorded hourly during daylight

hours. To characterize daily patterns of activity (the focus

of this study), we recorded hourly �xes for 72 consecutive

hours from 8 December (16:00 hrs) to 11 December (15:00

hrs). Once data collection ended, the study animals were

recaptured and their radio-collars were removed.

Using the radio �xes obtained during the 72-hour data

collection period, we examined the activity patterns of all

adults monitored. The following four metrics were used

to characterize daily activity patterns of members of the

study population:

1- Presence in nest. Previous analyses of space use by

members of the study population have revealed that in-

dividuals spend approximately 50% of radio �xes at the

same 1-2 locations within their burrow systems, which

have been interpreted as putative nest sites (Amaya et al.

2021). The use of more than one nest per 24-hour cycle

has been reported for other subterranean rodents (Šklíba

et al. 2009); accordingly, for animals characterized by two

most frequently used locations, we treated both locations

as putative nest sites. At each hourly �x during the focal

72-hour monitoring period, we compared the location of

each animal to the location of its nest(s). This information

was used to calculate the percentage of �xes during which

an animal was located in its putative nest(s). To account

for the possible movement of individuals within a nest

(O’Brien et al. 2020), we used a conservative error estimate

for these analyses; all �xes occurring within 1.5 m of a nest

site were considered to be within the nest.

2- Change in location. Beginning with the second radio

�x recorded during the 72-hour monitoring period, each

hourly data point was used to determine whether an animal

had changed location since the previous radio �x. Again,

a conservative error estimate was used such that �xes

occurring within 1.5 m of each other were treated as the

same location; no change in location was recorded under

these circumstances. These data were used to determine

the percentage of inter-�x intervals per individual that

included a change in location.

3- Distance between �xes. For each radio-collared animal,

the distance (m) between each pair of successive radio �xes

was calculated. Distances were determined by applying

the Pythagorean theorem to the x and y coordinates for

successive �xes. To standardize these values, we divided

each distance by the maximum distance between successive

radio �xes recorded for that individual.

4- Size of the area used. To estimate the size of the

area used by each animal during the daytime versus the

nighttime, individual home ranges were constructed using

95% minimum convex polygons (MCPs), as implemented

in the adehabitat HR package in R (Calenge 2006). Home

ranges were based on radio �xes taken during the 72-hour

observation period; 95% MCPs were used to reduce the

e�ects of outlier locations on estimates of the size of the

areas used by radio collared individuals (Girard et al. 2002;

Linders et al. 2004).

Diurnality index
For each of the above metrics of activity, a diurnality

index value (ID) (Hoogenboom et al. 1984; Daan et al. 2011)

was calculated for each individual monitored using the

following equation:

ID =


∑

CL

hL∑
CL

hL
+

∑
CD

hD

 ∗ 2− 1

where CL and CD are the values of the metric in question

during the light (daytime) and dark (nighttime) phases of

data collection, respectively, and hL and hD are the number

of hourly data points recorded during the light and dark

phases (see below). The part of the equation outside of

the brackets is used to convert percentages into an index

with values that range from 1 (exclusively diurnal activity)

to –1 (exclusively nocturnal activity); these values are not

a�ected by variation in the total number of data points

per individual or by changes in photoperiod, making this

index suitable for comparisons of activity patterns in free-

living animals (Halle & Stenseth 1994). For the categorical

variables considered (presence in nest, change in location),

a value of one (1) indicated that an individual was outside

of its nest or had changed locations since the previous �x.

In contrast, a value of zero (0) indicated that an individual

was inside its nest or had not moved since the previous

�x. For the continuous variables studied (distance between

�xes, size of area used), ID was estimated using the exact

values obtained.

Data analysis
During data collection, sunrise occurred at approximately

06:00, and sunset occurred at approximately 20:30 (http:

//salidaypuestadelsol.com/). Accordingly, radio �xes

collected from 06:00 to 20:00 were considered daytime

data points, while data collected from 21:00 to 05:00 were

considered nighttime data points. For each metric of ac-

tivity studied, we calculated either the sum (categorical

variables: presence in nest, change of location) or the mean

(continuous variables: distance between �xes, size of area

used) for each animal, with di�erent values calculated

for each daytime and nighttime sampling period (N = 4

days and 3 nights). Because the number of radio �xes per

individual varied between daytime and nighttime samples,

values for each metric were standardized by dividing by the

total number of �xes collected during the corresponding

(i.e., daytime or nighttime) temporal condition.

To determine whether members of the study population

were consistently more active during the daytime than

nighttime, values for each metric for these portions of the

24-hour cycle were compared using a Wilcoxon Signed

Rank Sum Tests. For these analyses, all daytime data for

an individual were pooled; likewise, all nighttime data per

individual were pooled. To evaluate activity within each

24-hour period, we compared values for each metric during

successive nighttime and daytime intervals (e.g., night 1 vs.

day 1) using Wilcoxon Signed Rank Sum Test. The �rst

daytime segment of the 72-hour data collection period

(day 0) was not included in this comparison because of

the limited number of �xes recorded on that day (data

collection began at 16:00; see above). To explore potential

di�erences in activity associated with basic life history pa-

rameters such as sex and reproductive status, we compared

diurnality index values for males versus females for each

metric of activity; for females, these metrics were also ex-

amined as a function of reproductive status (non-breeding,

pregnant, lactating). Index values were compared using

Kruskal-Wallis tests. Finally, to assess individual variability

http://www.sarem.org.ar
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in activity, we calculated the coe�cient of variation for

each metric for each animal. Throughout the text, means

are reported ± 1 SD. Statistical analyses were performed

using InfoStat (Di Rienzo et al. 2016).

RESULTS
Activity patterns of 17 adults (6 males, 6 non-

breeding females, 3 lactating females, 2 pregnant

females; Table S1) were monitored by telemetry.

No additional activity was detected at the capture

locations for these animals while they were held

in captivity, suggesting the presence of no more

than one adult per burrow system. During data

collection, telemetry was interrupted for one hour

(23:00 on the �rst night of sampling) due to heavy

rain, resulting in 46 daytime and 26 nighttime �xes

per individual for the majority of monitored animals

(6 males, 8 females; Table S1). Because the remaining

three adult females in our sample were released with

radio collars just before data collection began, these

animals were not located during the �rst two �xes

of the 72-hour data collection period, resulting in

44 daytime and 26 nighttime �xes for each of these

animals (Table S1).

Presence in nest. Approximately half (9 of 17 [53%])

of the individuals monitored used two putative nest

sites, with the remaining 48% of individuals using

just one putative nest. The mean percentage of radio

�xes per individual recorded at putative nest(s) was

48.7 ± 16.7 % (N = 17 individuals). When the data for

each individual were pooled by temporal condition

(nighttime versus daytime), there was a signi�cant

tendency for animals to spend a greater percentage

of �xes at nest(s) during the nighttime versus during

the daytime (Wilcoxon Signed-Rank Test, N = 17,

Z = 3.43, two-tailed P < 0.0001) (Fig. 1A) and Table

S1). When this metric was examined per 24-hour

sampling period, there was a signi�cant tendency

for the percentage of �xes in the nest(s) to be greater

during each night versus during the associated day

(Wilcoxon Signed-Rank Test, N = 17 animals; night

1 vs. day 1, Z = 2.82, two-tailed P = 0.002; night 2 vs.

day 2, Z = 2.42, two-tailed P = 0.010, and night 3 vs.

day 3, Z = 2.82, two-tailed P = 0.001; Fig. 1B).

Change in location. The average percentage of

inter�x intervals in which an individual changed

location was 58.2 ± 13.8% (N = 41.3 ± 9.8 intervals

per animal, N = 17 animals). When all data from

the same temporal condition (nighttime vs. daytime)

were pooled for each individual, the percentage of

intervals in which an animal changed location was

signi�cantly greater during the daytime compared

to the nighttime (Wilcoxon Signed-Rank Test, N =

17, Z = –2.49, two-tailed P = 0.009; Fig. 1C and Table

S1). When this metric was examined per 24-hour

sampling period, there was a signi�cant tendency

for the percentage of intervals in which an individual

moved to be greater during the daytime in the �rst

24 hours of data collection (Wilcoxon Signed-Rank

Test, N = 17 animals; night 1 vs. day 1, Z = –2.51, two-

tailed P = 0.008; Fig. 1D); no signi�cant di�erences

were found for the other two 24-hour sampling

periods examined (Wilcoxon Signed-Rank Test, N =

17 animals; night 2 vs. day 2, Z = –1.90, two-tailed P

= 0.066; night 3 vs. day 3, Z = –1.59, two-tailed P =

0.119; Fig. 1D).

Distance between �xes. When all data from the

same temporal condition (nighttime and daytime)

were pooled for each animal, there was a signi�cant

tendency for the mean standardized distance moved

between �xes to be greater during the daytime than

the nighttime (Wilcoxon Signed-Rank Test, N = 17

animals, Z = –2.67, two-tailed P = 0.005: Fig. 2A

and Table S1). When this metric was examined per

24-hour sampling period, there was a signi�cant ten-

dency for the mean standardized distance traveled

by an animal to be greater during each day versus

during the associated night (Wilcoxon Signed-Rank

Test, N = 17 animals; night 1 vs. day 1, Z = –2.22,

two-tailed P = 0.021; night 2 vs. day 2, Z = –2.95, two-

tailed P = 0.0002, and night 3 vs. day 3, Z = –2.27,

two-tailed P = 0.020; Fig. 2B).

Size of area used. When the mean sizes of the

areas used by an animal during the daytime (N =

3 areas per individual) versus the nighttime (N = 3

areas per individual) were compared, there was a

signi�cant tendency for individuals to occupy larger

areas during the day (Wilcoxon Signed Rank Sum

Test, N = 17 animals, Z = –3.62, two-tailed P < 0.0001;

Fig. 2C, Table S1). When this metric was examined

per 24-hour sampling period, there was a signi�cant

tendency for the area used by an individual to be

greater during the day than during the associated

night (Wilcoxon Signed-Rank Test, N = 17; night 1

vs. day 1, Z = –3.20, two-tailed P = 0.0002; night 2 vs.

day 2, Z = –3.38, two-tailed P < 0.0001, and night 3

vs. day 3, Z = –2.53, two-tailed P = 0.008; Fig. 2D).

Diurnality index values
Mean diurnality index values for three of the four

metrics of activity examined (change in location,

distance moved, size of area used) were positive

(Table S2), suggesting an overall tendency among

members of the population studied to be more active

during the daytime. In contrast, the mean index

value for presence in nest was negative (Table S2),
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Fig. 1. Activity patterns for free-living Velasco tuco-tucos. Data are from 17 adults (6 males, 11 females) monitored hourly

by telemetry for 72 consecutive hours. Activity measures presented are (A, B) the mean percentage of �xes during which

individuals were detected in their nest(s), and (C, D) the mean percentage of inter-�x intervals during which individuals

changed locations. Left panels depict pairwise comparisons (Wilcoxon Signed-Rank Test) of daytime versus nighttime

values, with data for each animal pooled by light condition for each animal. The right panels depict activity throughout

the 72-hour monitoring period; results of pairwise comparisons (Wilcoxon Signed-Rank Test) of successive nighttime and

daytime intervals are indicated. Open circles denote the hourly mean values for each metric. The dark gray line represents

the smoothed moving average for the hourly values. Filled circles represent means values ± SD for each daytime or nighttime

period.

consistent with the tendency of individuals to spend

a greater percentage of �xes in the nest during the

nighttime (see Fig. 1A). For all activity metrics, index

values showed considerable variability at the indi-

vidual level (Fig. 3). For the two categorical variables

examined, index values for presence in nest ranged

from –0.8 to 0.3 (coe�cient of variation = 41.8), while

values for change in location between �xes ranged

from –0.1 to 0.5 (coe�cient of variation = 13.9; Table

S2). No di�erences between the sexes were observed

for these index values (Mann-Whitney U Test, pres-

ence in nest, U = 47, P = 0.499; change in location,

U = 54, P = 0.995) or between females with di�erent

reproductive status (Kruskal-Wallis Test, presence

in nest, H = 1.70, P = 0.497; change in location, H =

3.35, P = 0.226). For the two continuous metrics of

activity examined, index values for distance moved

between �xes ranged from –0.2 to 0.4 (coe�cient of

variation = 16.5), while values for size of area used

ranged from –0.2 to 0.9 (coe�cient of variation =

26.5; Table S2). No di�erences in index values were

found between the sexes (Mann-Whitney U Test,

distance moved, U = 43, P = 0.295; size of area used,

U = 42, P = 0.249). For females, no di�erences in

index values were detected for distance moved as a

function of reproductive status (Kruskal-Wallis Test,

H = 0.38, P = 0.857). In contrast, size of area used

did di�er with reproductive status (Kruskal-Wallis

Test, H = 6.27, P = 0.015); pairwise post-hoc tests

revealed that diurnality index values for this metric

were signi�cantly higher in pregnant than in non-

breeding females (Bonferroni, P = 0.021).

DISCUSSION
Our data provide the �rst characterization of the

daily activity patterns of free-living Velasco tuco-

tucos. Although members of our study population

were active during both daytime and nighttime, each

of the four parameters examined revealed a tendency

toward more activity during the day. Speci�cally,

members of the study population were present in

their nests less frequently, changed locations more

often, moved greater distances, and were active

over larger areas during the day compared to the

night. Consistent with this, the mean diurnality

index values for three of these metrics were positive,

indicating greater daytime activity. While the mean

index value for presence in the nest was negative,

http://www.sarem.org.ar
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Fig. 2. Activity patterns for free-living Velasco tuco-tucos. Data are from 17 adults (6 males, 11 females) monitored hourly

by telemetry for 72 consecutive hours. Activity measures presented are (A, B) the mean standardized distance traveled

between successive radio �xes and (C, D) the mean size of areas used by individuals (95% MCPs). Left panels depict pairwise

comparisons (Wilcoxon Signed-Rank Test) of daytime versus nighttime values, with data for each individual pooled by light

condition for each animal. Right panels depict activity throughout the continuous 72-hour monitoring period; results of

pairwise comparisons (Wilcoxon Signed-Rank Test) of successive nighttime and daytime intervals are indicated. Open circles

denote the hourly mean value for the metric. The dark gray line depicts the smoothed average for the hourly values. Filled

circles are mean values ± SD for each daytime or nighttime period.

Fig. 3. Mean (+ SD) of individual diurnality index values calculated for 17 free-living Velasco tuco-tucos (6 males, 11 females)

monitored hourly for 72 consecutive hours. Separate index values were calculated for each of the four metrics used to assess

the daily activity patterns of these animals. Values greater than zero indicate a tendency toward diurnality, while values less

than zero indicate a tendency toward nocturnality.

this outcome indicates greater use of nest sites

during the night, consistent with reduced activity

during this portion of the 24-hour cycle. Although

variability in diurnality index values was evident at

the individual level, this variation was not associated

with di�erences in sex, and index values for only one
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metric (size of area used) varied with di�erences in

female reproductive status.

A similar tendency toward greater diurnal activity

has been reported for Velasco tuco-tucos housed

in outdoor semi-natural enclosures and monitored

using direct visual observations (Tomotani et al.

2012) as well as with light-logger collars (Flôres et al.

2016). Jannetti et al. (2019) used accelerometers on

animals housed in the same enclosures. This more

sensitive method of measuring movement revealed

that although individuals were active both during

day and night, most activity occurred during the

daytime. More recently, the use of accelerometers

to monitor free-living individuals has revealed that

the intensity of activity also varies throughout the

24-hour cycle, with periods of most intense activ-

ity showing a clear diurnal pattern (Silvério 2022).

Overall, these analyses con�rm our �nding that free-

living Velasco tuco-tucos tend to be diurnal, while

providing critical information about the temporal

patterning of aspects of behavior not observed in this

study. These results also raise interesting questions

regarding the highly nocturnal pattern of wheel-

running that has been reported for captive Velasco

tuco-tucos (Valentinuzzi et al. 2009; Tachinardi et

al. 2014). Several factors may contribute to di�er-

ences in the activity patterns of animals living in

natural versus laboratory environments, including

di�erences in energetic requirements, lighting and

thermal regimes, and perceived risks of being active

(Urrejola et al. 2005; Tachinardi et al. 2014, 2017;

Jannetti et al. 2019). As a �rst step toward identifying

these factors, we suggest that future studies use

the same methods to monitor the activity of free-

living and captive conspeci�cs, thereby minimizing

variation arising due to di�erences in data collection

techniques.

In free-living subterranean rodents, activity pat-

terns may be in�uenced by environmental condi-

tions, particularly di�erences between conditions

at the surface versus below ground. For example,

ambient temperatures at the surface are expected

to di�er from those within burrows due to thermal

bu�ering by the soil (Burda et al. 2007). Previous

studies of Velasco tuco-tucos indicate that surface

activity is correlated with temperature, with individ-

uals spending more time at the surface when temper-

atures below ground are colder (Jannetti et al. 2019).

Across seasons, a predominantly crepuscular pattern

of surface activity during the summer shifts to a more

pronounced midday peak during the winter (Jannetti

et al. 2019). In general, seasonal di�erences in surface

activity may also re�ect temporal changes in food

resource availability or risk of predation (Vassallo et

al. 1994). Because our telemetry data only captured

information regarding below-ground activity, it is

possible that our analyses failed to detect important

di�erences between temporal patterns of surface

and subterranean activity in our study population.

Studies that employ a range of techniques to docu-

ment activity both above and below ground as well

as studies that track possible seasonal changes in

these patterns should be used to clarify the role of

environmental conditions in shaping the activity of

Velasco tuco-tucos and other subterranean rodents.

Individual di�erences in activity patterns. Although

there was an overall tendency for members of our

study population to be more active during daylight

hours, individual di�erences in activity patterns

were evident. This variation is not unique to Velasco

tuco-tucos; pronounced individual-level di�erences

in activity has also been reported for Río Negro

tuco-tucos (C. rionegrensis: Estevan et al. 2016) and

blind mole-rats (Nannosplax ehrenbergi: Rado et al.

1993). In our study population, di�erences in activity

patterns were not related to sex and, to the best of our

knowledge, no other studies of subterranean rodents

have found sex-based di�erences in activity patterns

using metrics similar to those examined here (e.g.,

Cameron et al. 1988; Cutrera et al. 2006; Šklíba

et al. 2007). For females in our study population,

reproductive status did not appear to be a consis-

tent correlate of activity, as only diurnality index

values for size of area used varied with reproductive

status. Our �nding that the tendency to use larger

areas during the daytime was more pronounced in

breeding (pregnant, lactating) females is perhaps not

surprising given that reproduction is energetically

expensive for female mammals (Perrigo 1987); chang-

ing the temporal patterning of space use may serve to

reduce these costs or mitigate risks (e.g., predation)

associated with activity during some portions of

the 24-hour cycle (Perrigo 1987; Gattermann et al.

2008; Tachinardi et al. 2017). Because reproductive

status and other phenotypic traits can change sea-

sonally (Zenuto et al. 2001; Tassino et al. 2011),

associated di�erences in individual activity patterns

can vary temporally. Studies that examine the e�ects

of additional phenotypic traits (e.g., age, dispersal

history) as well as how those traits change over time

should prove valuable in uncovering the causes for

individual-level di�erences in daily activity patterns.

Comparisons with other subterranean rodents. Our

results suggesting that Velasco tuco-tucos tend to be

more active during the daytime are consistent with

data from several other subterranean species. For ex-

http://www.sarem.org.ar
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ample, a general tendency toward diurnality has also

been reported for Spalax ehrenbergi (Rado et al. 1993),

Spalacopus cyanus (Urrejola et al. 2005), and Fukomys
anselli (Šklíba et al. 2014). In contrast, subterranean

species such as Geomys attwateri (Cameron et al.

1988), Heliophobius argenteocinereus (Šklíba et al.

2007), and F. damarensis (Lovegrove 1988) have been

described as polyphasic, referring to the tendency

of these animals to display multiple bouts of activity

during the 24-hour cycle. Finally, at least one species

– F. mechowii– appears to be nocturnal, with activity

concentrated during the nighttime (Lövy et al. 2013).

Overall, subterranean rodents exhibit considerable

variability in their activity patterns, suggesting that

comparative studies of these animals should provide

important insights into the causes and consequences

of this variability (see also Oosthuizen & Bennett

2022).

Comparisons of tuco-tucos and S. cyanus could

be particularly informative given that the latter

is the only truly subterranean species in the fam-

ily Octodontidae, which is the sister taxon to

Ctenomyidae (Upham & Patterson 2012; Suárez-

Villota et al. 2016). free living cururos are active

primarily during daylight hours (Rezende et al. 2003;

Urrejola et al. 2005). However, in captivity, activity

is concentrated during the dark phase of the 24-hour

cycle (Begall et al. 2002). Although activity patterns

for most other octodontids have not been character-

ized in detail, data from common degus (Octodon de-
gus) suggest that this burrow-dwelling (but not truly

subterranean) species is also diurnal in the �eld but

can be induced to be nocturnal in the laboratory (Kas

et al. 1999; Kenagy et al. 2002; Hagenauer & Lee 2008).

Because Spalacopus, Octodon, and Ctenomys share a

relatively recent evolutionary history but di�er in

their degree of specialization for subterranean life,

comparative studies of these animals may provide

important opportunities to examine relationships

among phylogeny, burrow dwelling, and a tendency

toward diurnality. At the same time, observations

suggesting that these species modify their behavior

in captivity allow phylogenetically informed explo-

ration of the proximate cues controlling patterns of

daily activity.

Comparisons with other ctenomyids. Our �nding

that free-living Velasco tuco-tucos tend to be more

active during the daytime is consistent with data

from other ctenomyid species whose activity pat-

terns have been documented in the �eld using ra-

diotelemetry. Although the speci�c metrics used

to quantify activity vary among studies, telemetry-

based analyses of C. talarum (Cutrera et al. 2006), C.

rionegrensis (Estevan et al. 2016), C. opimus (O’Brien

et al. 2020), and C. sociabilis (Lacey et al. 1997) all

suggest a tendency toward diurnality for at least

some elements of behavior. However, the extent

to which activity is biased toward daylight hours

appears to di�er among these species. Although no

direct comparisons have been made, the available

information suggests that individuals may be more

strictly diurnal in C. sociabilis and C. opimus than

in C. talarum or C. rionegrensis. While the former

two species are group living (Lacey et al. 1997;

O’Brien et al. 2020), the latter two are not (Cutrera

et al. 2006; Tassino et al. 2011), raising interesting

questions about potential relationships between so-

cial organization and temporal activity patterns. C.
sociabilis and C. opimus are also unusual among

ctenomyids in that individuals tend to spend a large

proportion of time at burrow entrances or above

ground (Pearson & Christie 1985; O’Brien et al. 2020).

As a result, the tendency for these species to be more

diurnal may be mediated by ecological factors (e.g.,

resource availability, predator pressure: Ebensperger

& Blumstein 2006) that a�ect the adaptive costs and

bene�ts of temporal patterning of daily activity. As

the number of ctenomyid species whose activity has

been characterized using radiotelemetry continues

to increase, it should become increasingly possible

to conduct phylogenetically informed tests of the

e�ects of these and other behavioral and ecological

variables on interspeci�c variation in activity pat-

terns of this clade of rodents.
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Table S2: Individual diurnality index values calculated for 17 adult free-living Velasco tuco-tucos (Ctenomys
famosus) monitored hourly by telemetry for 72 consecutive hours. Sex and body weight are given for each

individual monitored; reproductive condition is also reported for females. Separate index values were calculated

for each of four activity measures examined for these animals: presence in nest, change in location, distance

between �xes, and size of area used.

Diurnality indexes

Sex Reproductive status Body

weight (g)

Presence

in nest

(% of �xes)

Change in

location

(% inter-�x

intervals)

Distance

between

�xes

Size of area

used (m
2
)

#1 Male - 193 –0.8 0.2 0.3 0.1

#2 Male - 160.0 –0.7 0.2 0.0 0.8

#3 Male - 165.0 –0.1 0.0 0.1 –0.1

#4 Male - 228.0 –0.5 –0.1 –0.2 –0.2

#5 Male - 160.0 0.3 0.5 0.2 0.8

#6 Male - 166.5 –0.4 0.3 0.2 0.9

#7 Female Non-breeding 153.0 –0.2 0.1 0.1 0.8

#8 Female Non-breeding 135.0 –0.1 0.0 0.0 0.1

#9 Female Non-breeding 120.0 –0.3 0.2 0.3 0.1

#10 Female Non-breeding 162.0 –0.2 0.2 0.4 0.6

#11 Female Non-breeding 108.0 –0.3 0.0 –0.2 0.5

#12 Female Non-breeding 146.0 –0.7 0.0 0.4 0.5

#13 Female Breeding 156.0 –0.7 0.3 0.3 1.0

#14 Female Breeding 148.0 –0.2 0.3 0.1 1.0

#15 Female Breeding 135.0 –0.2 0.3 0.4 0.6

#16 Female Breeding 227.0 –0.1 0.4 0.2 1.0

#17 Female Breeding 159.0 –0.2 0.1 0.2 1.0

Mean –0.3 0.2 0.2 0.6

SD 0.3 0.2 0.2 0.4

CV 41.8 13.9 16.5 26.4
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