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Abstract The study of activity rhythms, their potential
zeitgebers and masking factors among free-ranging
primates has received relatively little attention in the
past. Most primates are diurnal, a few of them nocturnal,
and even fewer are cathemeral. Owl monkeys (Aotus
azarai azarai) regularly show diurnal, as well as noctur-
nal, activity in the Argentinean and Paraguayan Chaco.
The goal of this study was to examine how changes in
activity patterns in owl monkeys of Formosa, Argentina
are related to daily, monthly, and seasonal changes in
temperature, light and food availability . During 1 year, I
collected activity data from five groups followed contin-
uously from dawn to dusk, dusk to dawn or uninterrupt-
edly during 24 or 36 h for approximately 1,500 h. I kept
hourly and daily records of temperature and light
conditions, and I gathered monthly information on the
density, distribution and abundance of food resources
available to the monkeys. I found that the area of study is
highly seasonal, and characterized by significant fluctu-
ations in rainfall, temperature, photoperiod, and food
availability. Owl monkeys had on average 5 h of activity
during the day and 4 h during the night. The amount of
diurnal activity remained fairly constant through the year
despite seasonal changes in exogenous factors. Owl
monkeys did not show changes in their activity patterns
that could be attributed to changes in food availability.
Nocturnal activity increased as the amount of moonlight
increased, whereas diurnal activity decreased following a
full-moon night. Ambient temperature was a good
predictor of activity only when the moon was full. These
results argue convincingly for an interaction between
ambient temperature and moonlight in determining the
observed activity pattern. It is then highly advisable that

any evaluation of diurnal activity in cathemeral animals
be analyzed controlling for the possible effects of
moonlight during the previous night.
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Introduction

The temporal organization of behavior has profound
implications for the survival and reproduction of animals
(Daan and Aschoff 1982). Every animal must allocate
time to the different activities (i.e., time budgets), and
must distribute temporally those activities during a 24-h
cycle (i.e., activity patterns). Most mammals concentrate
their activities during one of two periods, i.e., they are
either “diurnal” or “nocturnal”(Ashby 1972). A third
group of organisms tends to be crepuscular, showing
bimodal activity peaks occurring during the light/dark
transition periods at dawn and dusk. The most infrequent
activity pattern is the one in which animals have several
peaks of activity during a 24-h cycle, a pattern referred to
as ultradian, polyphasic, or cathemeral (Tattersall 1987).

The species-specific pattern of activity results from the
interaction of the animal’s endogenous rhythm, its
entrainment mechanisms, and the masking effects of
certain environmental cues. In mammals, the most
common environmental cue that serves as a synchronizing
or entrainment agent (“zeitgeber”) of the circadian system
to the 24-h solar day is the alternation of light and
darkness. Entrainment of the circadian system by this
environmental cycle will determine the phase of the
activity rhythm, i.e., the times of the day when the animal
will be active. However, the temporal distribution of
activity is not only dictated by the circadian system. Other
environmental factors such as ambient temperature, light
and food availability, and predation risk may have direct
effects on the level of activity. This phenomenon, known
as “masking” of circadian rhythmicity, is equally impor-
tant in determining the temporal activity pattern of a
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species (Marques and Waterhouse 1994; Mrosovsky
1999; Rietvedl et al. 1993). Until recently, the majority
of research on circadian rhythm was conducted on
laboratory species. The study of activity rhythms and
their potential zeitgebers and masking factors among free-
ranging mammals received relatively little attention in the
past and it was not a central topic in behavioral ecology.

More recently, there have been several ecologically
oriented studies of activity rhythms in wild mammals
(Bartness and Albers 2000; Halle and Stenseth 2000). The
goal has been to examine the timing of daily activities of
individuals as adaptations to the specific environmental
conditions surrounding them. For example, among strictly
diurnal mammals, the activity of squirrels was found to be
influenced by food quality and availability (Wauters
2000). The activity patterns of mustelids are closely
correlated with body size—smaller species are primarily
nocturnal, whereas the larger ones have a more diverse
activity pattern probably because of reduced predation
risk (Zielinski 2000). Although the understanding of the
behavioral and ecological adaptations of mammals show-
ing ultradian or polyphasic rhythms remains limited,
studies of voles (Halle 2000; Halle and Stenseth 1994),
shrews (Merritt and Vessey 2000), and primates (An-
drews and Birkinshaw 1998; Colquhoun 1993; Curtis and
Rasmussen 2002; Curtis et al. 1999; Donati et al. 2001;
Overdorff 1996; Overdorff and Rasmussen 1995; van
Schaik and Kappeler 1993; Warren and Crompton 1997)
are already providing enough data to justify the recogni-
tion of the new field of chronoecology as a subdiscipline
that promises to bridge the existing gap between chrono-
biologists and behavioral ecologists (Halle and Stenseth
2000).

Most primates are diurnal, a few of them nocturnal,
and even fewer are cathemeral (van Schaik and Kappeler
1996; Wright 1999). Although most owl monkey (Aotus
spp.) species of Central and South America are mainly
nocturnal, Aotus azarai azarai regularly shows diurnal, as
well as nocturnal, activity in the Argentinean and
Paraguayan Chaco (Arditi 1992; Fernandez-Duque et al.
2001; Rotundo et al. 2000; Wright 1985). The strictly
nocturnal owl monkeys of Colombia (A. lemurinus
griseimembra) have been the focus of a series of
laboratory studies analyzing circadian rhythms of loco-
motor activity, as well as their entrainment and masking
by light (Erkert 1976, 1991; Erkert and Grober 1986;
Erkert and Thiemann-Jager 1983; Rappold and Erkert
1994; Rauth-Widmann et al. 1991). The cathemeral owl
monkeys of the Argentinean Chaco provide an additional
opportunity for examining some of the environmental
factors possibly affecting the temporal organization of
activity patterns in this small mammal.

In this study, I evaluated two hypotheses proposed to
explain cathemerality in primates (Overdorff and Ras-
mussen 1995; van Schaik and Kappeler 1993; Wright
1989, 1999). One hypothesis suggests that cathemerality
may result from unusually harsh climatic conditions,
whereas the second one poses that cathemerality may be
the consequence of a pronounced seasonality in resource

availability. If the extremely low and high temperatures
characteristic of the Chaco pose a thermoregulatory
challenge to owl monkeys, cathemeral activity may result
from changes in the temporal organization of behavior to
minimize thermoregulatory metabolic costs. Alternative-
ly, cathemerality in owl monkeys may be causally linked
to significant fluctuations in food availability that may
pose an additional metabolic stress. When high-energy
foods are scarce, owl monkeys may have to increase the
amount of fibrous foods they eat (Ganzhorn and Wright
1994). Their lack of digestive specializations for folivory
makes it necessary for them to minimize the time that
fibrous food is not being processed. This is achieved by
interspersing periods of processing and harvesting over a
24-h cycle, which results in an ultradian rhythm of
activity. Thus, I predict that if cathemerality occurs
mainly in response to changes in ambient temperature,
owl monkeys will be strictly nocturnal when temperatures
are high regardless of availability of high-energy re-
sources. However, if cathemerality is, at least partially, a
response to seasonal changes in food availability, owl
monkeys will increase their diurnal activity during
months in which the availability of fruit and insects is
less regardless of climatic factors.

To evaluate the extent to which the diurnal activity of
owl monkeys may be causally linked to the considerable
variation in daily and seasonal temperatures characteristic
of the Gran Chaco and the fluctuations in food availabil-
ity, I asked the following questions: What is the extent of
the diurnal and nocturnal activity of owl monkeys in
Formosa, Argentina? Are there seasonal changes in their
activity patterns? What are the proximate determinants
that structure their circadian rhythm? What is the
influence that the ambient temperature, the day/night
cycle of illumination, the lunar phase and the availability
of food have on the temporal organization of activity
patterns in owl monkeys? To address these questions, I
examined how the daily temporal distribution of activity
of owl monkeys (A. azarai azarai) is affected by these
exogenous factors in Formosa, Argentina.

Methods

Area and population of study

The area of study, which includes a mosaic of grasslands, savannas,
dry and gallery forests, is located outside of the tropics (58�110W,
25�580S) at approximately 60 m above sea level. I mapped 70 ha of
gallery forest to facilitate the location of the different groups of
monkeys. Within those 70 ha, I established 14 km of transects,
running east-west and north-south, and spaced every 100 m. I
measured and marked transects every 50 m with fluorescent plastic
flagging tape and aluminum tags. An 18-month study of the forest
conducted 15 km upstream from the area of study provided a
detailed description of forest structure (Brown et al. 1993).

The area of study is characterized by significant seasonal
fluctuations in rainfall, temperature, and length of time between
sunrise and sunset (Fernandez-Duque et al. 2002). Annual rainfall
has averaged 1,555 mm between 1977 and 2000. Monthly average
rainfall varies significantly during the year, with two rain peaks in
April and November, and a relatively dry season lasting from June
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to August. Seasonal changes in temperature are also pronounced.
During 1998–1999, monthly mean temperatures were on average
11�C lower during winter months (May-August 1998) than they
were during summer months (December-March). Extreme low and
high temperatures were also frequent. Daily minimum temperatures
below 10�C occurred between April and September, whereas
maximum daily temperatures above 33�C were concentrated
between September and March (Table 1). The time between
sunrise and sunset was more than 3 h longer during the summer
(December-January), than it was during the winter months (June-
July).

The gallery forests described above are home to the owl-
monkey subspecies A. azarai azarai, which is found in the
Argentinean provinces of Formosa and Chaco (Brown and Zunino
1994). The population of study includes 15 neighboring groups of
owl monkeys that have been monitored in the cattle ranch “Estancia
Guaycolec” since 1997 (Fernandez-Duque et al. 2001). The
reproduction of owl monkeys at this relatively high latitude is
extremely seasonal and heavily influenced by the particular
environmental conditions of the Chaco. Matings have only been
observed between May and September, whereas births occur
between late September and mid-December.

Data collection

Insect abundance, phenology and rainfall data

Owl monkeys have been reported to eat insects (Wright 1985). I
obtained data on the availability of insects using light-traps
(Smythe 1997). A light-trap consists of a light source, a collecting
cone, and a bag filled with poison. I left two light-traps on all night
(1800–0600 hours), on average twice a month. I collected 58
samples on 40 nights between 20 August 1998 and 17 August 1999.
I have presented elsewhere a more detailed description of how I
evaluated seasonal changes of the availability of insects (Fernan-
dez-Duque et al. 2002).

To evaluate relative changes in the density, distribution, and
abundance of plant resources, I collected monthly information on
forest composition and phenology from 30 plots (50�10 m) placed
randomly in approximately 30 ha of forest. I sampled a total of
1.5 ha, representing 5% of the total area used by the five monkey
groups being studied.

I obtained monthly rainfall data for the period 1977–1999 from
records kept at Estancia Guaycolec.

Temperature and light-intensity data

I recorded temperature hourly using a Stowaway XTI temperature
automatic data logger between 11 August 1998 and 16 August
1999.

To estimate available light during the day, as well as during the
night, I used a Stowaway light-intensity logger with the sensor
directed towards the zenith. It is a general-purpose light-intensity

logger with recording intensities from 0.1 to 10,000 lx. The data
logger recorded light intensity every 15 min during 1 year (11
August 1998 to 10 August 1999).

I define nocturnal activity as activity occurring during the
nautical night. Nautical night is the time period defined as
beginning and ending when the sun is geometrically 12 degrees
below the horizon. Diurnal activity includes activity occurring
between local sunrise and sunset and activity taking place during
nautical dusk and dawn. The duration of twilight before sunrise
(“dawn”) was calculated as the time between the first data-logger
record and the time when the sun appeared in the horizon as
obtained from astronomical tables. The duration of twilight after
sunset (“dusk”) was similarly obtained, using the time the sun
disappeared in the horizon and the last record of the logger.

Behavioral data

Five neighboring groups (C0, Cola Corta, D100, D500, E500),
which were very well habituated to humans and had been observed
since 1997 (Fernandez-Duque et al. 2001), were the focus of
behavioral observations. I observed the groups during approxi-
mately 1,500 h between August 1998 and September 1999. I
collected data during complete diurnal follows that began at dawn
and finished at dusk (“12D”, N=87 follows), and nocturnal follows
that began at dusk and finished at dawn (“12N”, N=38). I did some
of the diurnal and nocturnal follows consecutively, resulting in 24-h
follows (“24”, N=12). On five occasions, I followed the monkeys
continuously for 36 h (D100, N=4, C0, N=1). For the analyses
presented below, I discarded four nocturnal follows for various
reasons that affected the quality of the data substantially (e.g., long
times without contacting the group, confusion between neighboring
groups). Table 2 summarizes the annual distribution of diurnal and
nocturnal follows conducted for each group.

Despite my efforts, I was not able to sample evenly through the
different months, temperatures, and moon phases. For example, I
sampled diurnal activity more than twice as much as nocturnal
activity (87 vs 38 follows) because of the difficulties inherent to
working at night. One group (D100) was sampled almost twice as
much (N=39 follows) as the others (C0, CC, D500, and E500
followed 25, 22, 18, and 13 times, respectively). Finally, it was not
possible to completely balance the sampling of each group during
each moon phase. Whenever appropriate, I discuss the possible
influence of sampling effects on the results.

The sampling schedule was extremely intensive even when
considering the sampling limitations described above. Such an
intense sampling schedule of a cathemeral, tree-dwelling small
primate was only possible with the collaboration of a large number
of observers. During the study, 15 different observers of various
backgrounds and training collaborated in data collection. Observers
were organized in teams of two or three people, including at least
one experienced observer (i.e., someone who had had several
months of experience working with the animals). One observer was
responsible for maintaining eye-contact with as many members of
the group as possible, whereas the second observer was responsible

Table 1 Seasonal changes in ambient temperature, daylength and rainfall in Guaycolec, Formosa, Argentina. Rainfall data are from the
period 1977–2000, whereas temperature and photoperiod data were recorded between Aug. 1998 and Aug. 1999

Month J F M A M J J A S O N D

Monthly mean temp.
(�C)

27 27 27 21 17 16 15 16 19 23 25 26

Mean max. temp. (�C) 34 34 34 26 23 21 20 24 26 31 32 33
Mean min. temp. (�C) 21 22 22 18 12 12 11 10 13 17 19 20
No. days with T max
>33�C

22 20 18 0 0 0 0 0 4 11 17 18

No. days with T min
<10�C

0 0 0 4 9 11 16 5 5 0 0 0

Day length (h) 15.4 14.7 13.9 13.2 12.6 12.3 12.4 12.9 13.6 14.4 15.2 15.7
Rainfall (mm€SD) 154€102 153€73 130€78 236€183 124€78 59€45 46€52 64€68 108€76 140€90 211€128 135€95
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for writing down the observations on a check-sheet. In the analysis
presented here, I minimized the potential problems of inter-
observer reliability by assigning all behavioral records to one of
two exclusive categories: active/inactive, these categories being the
simplest to differentiate (see below).

We collected data during 10-min observation periods conducted
three times per hour (min 0–10, min 20–30, min 40–50). It was not
feasible to conduct observations of specific individuals at day and
night in a comparable manner. Therefore, observations were not
made of a specific individual, but instead, the focus of the
observation was the group. We observed the animals with
binoculars or the naked eye during daylight and with a pair of
night-vision binoculars during the night (ITT, Gen III). During any
10-min observation period, we recorded the activity state (foraging,
moving, or resting) of all visible animals every 2 min. The
relatively small group size (three to six individuals) made it
possible to record the behavior of most animals in the group at each
sampling point. For the analyses presented here, I summarized the
data into two exclusive categories: active (moving or foraging) or
inactive (resting). At each of the five sampling points in a 10-min
focal, I gave a score of “Active” or “Inactive” to the whole group
based on the data collected for each of the visible animals. Most of
the time, the high synchronicity of behaviors among individuals in
the group made the decision unequivocal since all animals had been
recorded as doing the same (e.g., all of them scored for Resting).
Whenever different animals were involved in different activities,
the group was considered Active or Inactive based on what the
majority of individuals were doing.

Data analysis

I estimated insect abundance by obtaining a monthly mean of dry
weight for all the samples collected during any given month. Then,
I evaluated monthly changes using the Kruskall Wallis test. The
analysis of seasonal changes in plant food abundance is based on
phenology data I collected from 30 different tree species (N=750
trees). I obtained the percentage of species showing each
phenophase at any particular month (presence or absence of
phenophase) for each of the three observers; then I obtained a
monthly mean. I analyzed the monthly changes using the Friedman
test for several related samples. I present the monthly rainfall data
to illustrate the seasonal aspect of the area, but no analyses are
presented using rainfall as a predictor of activity.

For each day, I summarized the temperature data using the 24
hourly temperature records obtained per day. For each 24-h period,
I calculated the following temperature parameters: minimum,

maximum, range, and mean temperature. Using daily values, I
computed monthly means of all parameters. A stepwise regression
analysis on mean, minimum, maximum, and daily temperature
range indicated that the maximum temperature of the day was the
best predictor of activity during the light or the dark phase of the
light/day cycle. Thus, the association between temperature and
activity was evaluated using maximum temperature as the
independent variable.

For the analysis of the effects of moonlight on activity, I used
four categories corresponding to new moon and full moon and two
categories for intermediate phases of the moon based on the
percentage of moon surface illuminated. I considered new-moon
nights those with less than 10% of the moon illuminated, and full-
moon nights those with more than 89% of the moon illuminated.
The two intermediate fractions had 10–49% and 50–89% of the
moon illuminated.

The amount of nocturnal and diurnal activity was analyzed
based on the number of sampling points when the group was active
or inactive. For simplicity, figures and tables present data as mean
number of hours, based on the number of 2-min intervals during
which activity or inactivity were recorded. A total count of
sampling points when the group was active was obtained for each
follow and a mean computed for each group. Then an estimate of
time in hours was obtained. For example, if a group was followed
from 0700 to 1900 hours, there would be 180 sampling points
(12 h�3 observation periods per hour�5 sampling points per
observation period). If on 90 of those sampling points, I scored
activity, then I say that the group spent 6 h of the time active. In
other words, whenever used, “time” or “hours of activity” refer to
the number of 2-min sampling points, not actual duration of the
bout of activity or inactivity.

The non-parametric Wilcoxon Signed Ranked test for two
unrelated samples was used to evaluate differences in the
availability of insects, and the Friedman test to evaluate differences
in the total amount of nocturnal and diurnal activity among groups
(N=5 groups). A one-way analysis of variance was used to evaluate
differences in the amount of diurnal and nocturnal activity across
the year, as well as to evaluate differences in the effects that
moonlight had on diurnal activity during the following day.

Table 2 Number of monthly
complete day and night follows
of each group

Group name Month

J F M A M J J A S O N D Total follows
per group

Day follows

C0 3 1 1 1 1 2 2 5 1 1 1 19
CC 3 2 1 3 3 1 2 2 17
D100 1 1 5 7 5 1 2 1 1 1 25
D500 1 1 1 1 1 4 1 1 2 2 15
E500 3 1 1 1 1 2 1 1 11
Total follows

per month
11 3 5 7 10 12 11 11 4 3 6 4 87

Night follows

C0 1 1 1 2 1 1 7
CC 3 1 1 1 6
D100 1 1 2 4 6 1 15
D500 3 1 1 1 6
E500 2 1 1 4
Total follows

per month
7 5 1 2 4 8 1 2 3 2 2 1 38
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Results

Effects of seasonal factors

The study area is highly seasonal, characterized by
significant fluctuations in rainfall, temperature, and
photoperiod (Table 1). The relative abundance of avail-
able food also changed significantly through the year. The
weight of captured insects was considerably higher
between September-March than it was between April-
August (Wilcoxon, z=�3.139, p=0.002, Fig. 1a). A
considerable degree of seasonality in the availability of
new leaves, fruits, and flowers was also detected
(Fig. 1b). The percentage of tree species producing fruits,
flowers, or new leaves varied significantly through the
year (fruits: c2=18.00, df=11, p=0.081; flowers: c2=51.49,
df=11, p<0.001; new leaves: c2=178.26, df=11, p<0.001),
reaching a low in the coldest and driest months of June
and July. For example, only 27% of tree species produced
fruits during June (8 of 30 spp., Fig. 1b). However, a
higher percentage of species produced fruits, flowers, and
new leaves beginning in September. For example, 67% of
tree species were recorded with fruits in October (20 of 30
species).

Owl monkeys were active during the day, as well as
during the night. They had on average 5 h of activity
during the day and 4 h during the night (Fig. 2).
Approximately one-quarter of the time spent active

during the day took place during twilight. The total
combined time spent active during the morning and
evening twilight was on average 1.3€0.5 h. During only
one of the follows, did I not record activity at this time of
the day. Differences among groups in the amount of
nocturnal or diurnal activity were not statistically signif-
icant (Friedman: nocturnal: c2=6.66, df=4, p=0.154;
diurnal: c2=5.65, df=4, p=0.226). Because there were no
significant differences in the amount of diurnal and
nocturnal activity among groups, the data were combined
for the analysis of the effects of light and temperature.

The amount of time the monkeys spent active during
the light phase of the light/dark cycle did not change
much through the year (Fig. 3). Still, because daylength
changed significantly during the year (Table 1), this
relatively constant number of hours of diurnal activity
means that the groups were active a significantly higher
percentage of the light phase of the light/dark cycle
during certain months. Groups spent on average 42% of
the light-phase hours active between May and September,
whereas they were active only 34% of the time between
October and April. Neither the number of hours of diurnal
activity changed significantly through the year as indi-
cated by a one-way analysis of variance (F11,33=0.707,
p=0.723), nor was the percentage of hours of diurnal
activity statistically significant (F11,33=1.698, p=0.117).
Although the data as depicted in Fig. 3 may suggest that
monthly changes in nocturnal activity were much more
pronounced, most changes can be explained by the effects
of the moon on nocturnal activity (see below).

Fig. 1 a Monthly medians of dry weight of captured insects€SD
(bars) and monthly means of rainfall during 1977–1999 in Estancia
Guaycolec, Formosa (curve). b Seasonal changes in the percentage
of tree species showing new leaves, fruits, and flowers. Percentages
are based on the total number of tree species monitored monthly
(30 species)

Fig. 2 Mean number (€SD) of hours of nocturnal and diurnal
activity for each of the five studied groups

Fig. 3 Monthly changes in mean number of hours of diurnal and
nocturnal activity. No data are available for nocturnal activity in
December (D). Each column represents the grand mean obtained
from averaging the means of all groups sampled in each month

435



Effects of moonlight

The effects of moonlight were very pronounced on
nocturnal, as well as diurnal, activity. Nocturnal activity
increased as the amount of moonlight increased. All five
groups tended to increase the amount of nocturnal activity
as the illuminated fraction of the moon increased
(Fig. 4a). When more than 90% of the moon was
illuminated (i.e., full moon), nocturnal activity tended to
be maximal and groups spent as much as 7 h of the night
active. However, when the moon was not full, nocturnal
activity ranged between 1.4 and 4.1 h. The relationship
between nocturnal activity and moonlight was statistically
significant for all 34 follows combined, as well as for 2
groups that were followed at least 5 times during the night
(Table 3). A third group showed a positive relationship
that fell short of statistical significance. The remaining
two groups also showed a statistically significant positive
relationship, but the statistical outcomes are meaningless

given the small number of follows conducted on each of
those groups (N=3 or 4 follows).

Diurnal activity was also influenced by the amount of
moonlight during the previous night. Groups showed less
diurnal activity following a full-moon night than they did
after a night when the moon was only partially illumi-
nated (ANOVA: F3,79=9.406, p<0.001, Fig. 4b).

Effects of ambient temperature

Ambient temperature was a good predictor of nocturnal
activity only when the moon was full. During nights of
full moon, the level of nocturnal activity could be
predicted by the maximum temperature reached during
that day. The groups showed more nocturnal activity
following a day of very high temperatures than they did
after a relatively cool day. A linear regression analysis
indicated that the positive relationship between the
number of hours of nocturnal activity and maximum
temperature was not statistically significant (adj.
R2=0.217, t=1.825, p=0.093), whereas the relationship
between the percentage of night hours and maximum
temperature was statistically significant (adj. R2=0.393,
t=2.786, p=0.016, Fig. 5a). However, when the moon was
new, waning, or waxing, the groups were generally
inactive regardless of temperature. Maximum temperature
was not a good predictor of the general level of nocturnal
activity, either measured as the total number of hours (adj.
R2=0.005, t=0.291, p=0.774) or the percentage of night
hours (adj. R2=0.029, t=0.928, p=0.366).

The relationship between ambient temperature and
diurnal activity also depended on the moonlight available
during the previous night. Following a full-moon night,

Fig. 4a, b Changes in the mean number of hours of nocturnal (a)
and diurnal (b) activity with changes in the percentage of
illuminated moon surface during the night or during the previous
night (<10% new moon, >89% full moon, 10–49% and 50–89%
correspond to waning and waxing moon)

Table 3 Results of regression analyses tests showing the positive
relationship between nocturnal activity and available moonlight for
each group

Group R2 df F p b0 b1

C0 0.92 5 58 0.001 6.3 70.5
CC 0.50 4 4 0.118 8.8 38.7
D100 0.57 12 16 0.002 2.1 44.3
D500 0.95 1 17 0.151 37.6 44.4
E500 0.99 2 187 0.005 14.2 64.3
Overall 0.57 32 43 <0.001 7.7 51.6

Fig. 5a, b Relationship between hours of nocturnal and diurnal
activity and maximum temperature
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the groups showed less diurnal activity as the temperature
increased. A linear regression analysis indicated that the
decrease in the percentage of diurnal activity with an
increase in maximum temperature was significant (adj.
R2=0.387, t=�3.975, p=0.001, Fig. 5b). When the moon
was new, waning, or waxing, ambient temperature was
not correlated with the total amount of diurnal activity.
Groups did not change the amount of diurnal activity as
maximum temperature increased, as indicated by the lack
of a significant positive relationship between percentage
of diurnal activity and maximum temperature (adj.
R2=0.066, t=�0.483, p=0.631, Fig. 5b).

Discussion

Owl monkeys in Estancia Guaycolec showed both diurnal
and nocturnal activity. This cathemeral activity is in good
agreement with previous reports of owl monkeys in the
same area of study, as well as from a population in the
Paraguayan Chaco (Arditi 1992; Fernandez-Duque and
Bravo 1997; Rotundo et al. 2000; Wright 1989). How-
ever, it was unexpected to find that they were as active
during the light phase as they were during the dark phase
of the 24-h cycle.

Other populations of A. a. azarai at lower latitudes and
populations of the subspecies A. azarai boliviensis, also
show some diurnal activity. Researchers conducting
surveys of primates encountered active owl monkeys
during daylight work in Paraguay (Brooks 1996; Stallings
et al. 1989), Bolivia (Mann 1956; Wallace et al. 1998),
and Brazil (Fernandes 1993). Garc�a and Braza (1987)
studied A. azarai boliviensis in Bolivia, but did not report
diurnal activity. Instead, they reported that the first signs
of activity took place 10–15 min after sunset, whereas
activity stopped 10–20 min before sunrise. It is possible
that diurnal activity was reduced during their study
because they conducted the study exclusively during
nights of full moon (see below). Systematic studies of
activity patterns in other populations of A. azarai or other
Aotus species are needed to understand whether the extent
of diurnality in our population is a local response to
particular environmental conditions or a trait common to
other populations or species.

Owl monkeys in our population spent an average of 4 h
active at night. A. azarai showed nocturnal activity that
resembled what has been reported for other owl-monkey
species that are strictly nocturnal. A. nigriceps in Manffl
National Park in Perffl spent approximately half of the
night active (Wright 1985; Fig. 14). A group of A. azarai
boliviensis in El Beni in Bolivia spent approximately 50%
of the time active during nights of full moon (Garc�a and
Braza 1987), which results in a similar number of hours of
activity as we observed during full-moon nights.

The total amount of diurnal activity remained fairly
constant through the year despite the seasonal changes in
food availability, temperature, and rainfall. The environ-
ment where owl monkeys live in the Argentinean Gran
Chaco shows a relatively high degree of seasonality in

climate and food abundance. Mean monthly temperatures
were notably different at different times of the year and
marked differences in temperature occurred daily (Fer-
nandez-Duque et al. 2002). The seasonal pattern of
rainfall and temperature in Formosa correlated with
changes in fruit, flower, and new leaf production. If
cathemerality in owl monkeys were, at least partially, a
response to food availability and digestive constraints as
has been hypothesized (Engqvist and Richard 1991;
Ganzhorn and Wright 1994; Overdorff and Rasmussen
1995), I would expect more diurnal activity during
months of less fruit and insect availability. Owl monkeys
did not show changes in their activity patterns that could
be interpreted that way. Seasonal changes in activity
patterns have been reported for various other primate
species (Andrews and Birkinshaw 1998; Colquhoun 1993;
Morland 1993; Wright 1999), as well as for a vast array of
mammal taxa (Halle and Stenseth 2000). Following
seasonal changes in food availability and rainfall, some
species apparently switch from being mainly diurnal to
being nocturnal, whereas others changed from diurnality
to being active around the clock (Curtis 1997; Curtis and
Rasmussen 2002). I was not able to analyze seasonal
changes in nocturnal activity due to the smaller nocturnal
sampling effort and the overriding effects of moonlight on
nocturnal activity.

However, the data at hand provide convincing evi-
dence for the influence that changes in moonlight and
ambient temperature have on the activity patterns of owl
monkeys. Nocturnal activity was strongly influenced by
available moonlight. Nocturnal activity was maximum
when more than 90% of the moon surface was illuminat-
ed. Then, owl monkeys spent most of the night active.
However, nocturnal activity was minimal during nights of
new moon. These findings are in total agreement with
those reported for A. lemurinus in Colombia where owl
monkeys showed marked lunar periodic variations in
activity patterns under natural lighting conditions (Erkert
1974, 1976). Researchers in Peru and Bolivia have also
reported intensive nocturnal activity during nights of full
moon (Aquino and Encarnaci�n 1986; Garc�a and Braza
1987; Wright 1978, 1989). Erkert replicated the patterns
observed under natural lighting conditions in Colombia
successfully in the controlled setting of the laboratory
(Erkert and Grober 1986; Erkert and Thiemann-Jager
1983). When he simulated new-moon conditions by
means of continuous low-light intensity, he observed
suppression of the locomotor activity, indicating that low-
light intensities or brightness changes during the dark
phase caused particularly strong masking of the light/
dark-entrained circadian activity rhythm. The strong
negative masking effect of low-light intensity on the
circadian rhythm of owl monkeys has also been observed
in prosimians. Studies in captivity and in the field have
demonstrated that red-fronted lemurs (Eulemur fulvus
rufus) also require a certain luminosity threshold and
below that threshold, activity is reduced (Donati et al.
2001; Erkert 1989). Red-fronted lemurs slowed down in
the absence of moonlight and it is possible that the
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absence of a tapetum lucidum in the species renders
activity in total darkness difficult.

Quite unexpectedly, the effects of moonlight on the
activity levels of owl monkeys persisted during the
following light phase of the 24-h cycle. So, the amount of
diurnal activity was negatively correlated with the
available moonlight on the previous night. During a
full-moon night, the animals were extremely active
satisfying most of their social and digestive requirements.
Once those requirements were satisfied, there was prob-
ably less need to be active during the following morning.
However, following a night without moonlight, they
needed to forage during daylight, which resulted in a
relatively higher level of diurnal activity. This finding and
the characteristic daily changes in temperature of the
Chaco and some Madagascar habitats undoubtedly show
the importance of evaluating diurnal and nocturnal
activity under controlled moonlight conditions before
conclusions can be reached about seasonal patterns (see
also Overdorff and Rasmussen 1995).

Ambient temperature has long been recognized as an
important environmental factor influencing activity pat-
terns in mammals (Bartness and Albers 2000; Erkert
2000; Halle 1995; Perrigo 1987, 1990). Owl monkeys
adjusted their periods of activity to changes in ambient
temperature, but the effects of temperature were contin-
gent on moon phase. Both nocturnal and diurnal activity
were affected by temperature when the moon was full,
whereas no effect of temperature was detected when less
than 90% of the moon was illuminated. Owl monkeys
apparently have a very narrow thermoneutral zone that
may range between 28 and 30�C, and a relatively low
resting metabolic rate (Le Maho et al. 1981; Morrison and
Simoes 1962). In captivity, A. lemurinus was most active
when the ambient temperature was 20�C and least active
when it was 30�C (Erkert 1991). However, the existing
characterization of the thermoneutral zone and the
relatively low basal metabolic rate should be interpreted
with special attention given to the geographic origins of
the specimens studied, in view of the various activity
patterns observed in the genus.

There are several other ecological and social factors
that have been described as influencing activity patterns
in mammals. Several small mammals are known to time
their activities to minimize the risk of predation (e.g.,
Daly et al. 2000), and it is reasonable that the risk of
predation may be influencing the activity patterns of owl
monkeys as well. Wright (1989) hypothesized that
predation pressure and competition for resources, two
important selective forces that favor nocturnality in A.
trivirgatus in Peru, are absent where cathemeral owl
monkeys range. In the absence of dangerous diurnal
raptors (e.g., harpy eagle), as well as other diurnal
monkey species that compete for resources, the advan-
tages of nocturnality for A. azarai may be limited. An
incomplete adaptation to a nocturnal niche results in a
cathemeral pattern of activity. Unfortunately, we lack any
adequate data to test the influence of predators on owl-
monkey activity patterns. Over the course of the years, I

have witnessed two attacks by raptors (Pulsatrix perspi-
cillata and Accipiter bicolor) on groups of owl monkeys
that occurred at dawn and dusk when owl monkeys tended
to be most active. Somewhat anecdotal evidence from El
Beni, Bolivia runs counter to the hypothesis that the
absence of large diurnal raptors favors cathemerality in
owl monkeys. At El Beni, where harpy eagles are present,
owl monkeys showed diurnal activity when the climate
was unusually cold (Mann 1956).

In conclusion, I found that the owl monkeys of the
Argentinean Chaco are cathemeral, showing as much
activity during the light phase as they did during the dark
phase of the 24-h cycle. The total number of hours of
diurnal and nocturnal activity remained relatively un-
changed through the year, despite profound seasonal
changes in rainfall, temperature, and food availability.
Moonlight heavily influenced nocturnal and diurnal
activity, whereas temperature effects were only detectable
when the moon was highly illuminated.

These data argue convincingly for the importance of
evaluating the potential interactions among various envi-
ronmental factors in determining an observed activity
pattern. For example, my data underscore the importance
of evaluating seasonal changes in activity patterns with a
very intensive year-round sampling that takes into
account, not only monthly or seasonal changes, but daily
or weekly changes as well (Overdorff and Rasmussen
1995). Moreover, given the important effects that full-
moon nights may have on diurnal activity on the
following day, it is imperative that diurnal and nocturnal
sampling be conducted consecutively before conclusions
can be reached about seasonal patterns.
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