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Abstract
Animals display a range of diurnal and nocturnal activity patterns and, among mammals, a high proportion of species are cre-
puscular or nocturnal. Daily activities are often endogenous and oscillate on a light:dark regime. Such cycles are referred to 
as ‘circadian’ and are generally influenced by biotic and abiotic factors. I investigated the daily activity of urban Woodchucks 
(Marmota monax) by using 24-hour camera traps at backyard burrows in London, Ontario, Canada, in June. Cameras enabled 
the collection of data that would otherwise have been labour intensive by direct observation. Statistical modelling showed 
that Woodchucks exhibited a strictly diurnal activity pattern. The unimodal activity pattern started at sunrise and ended before 
sunset. The general daily activity trend was similar to the pattern described by others who used direct observations and telem-
etry to monitor Woodchucks in more rural settings. Temperature and wind were not included in the best-fit model. Camera 
trapping is a non-invasive method that could give insight to diel activity as it can easily monitor extended periods and reduce 
the effort required by direct observation.
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Introduction
Most animals exhibit daily activity rhythms 

(Burger 1976; Daan 1981; Robitaille and Baron 1987; 
Helfrich-förster et al. 1998; Jury et al. 2005; Williams 
et al. 2014). Daily activities often originate endoge-
nously and oscillate on a light:dark regime, referred 
to as ‘circadian’, and are generally influenced by bi-
otic and abiotic factors (Pittendrigh 1981; Aschoff 
and Tokura 1986). Animals display a range of ac-
tivity patterns from totally diurnal to totally noctur-
nal and, among mammals, a high proportion of spe-
cies are crepuscular or nocturnal (Ashby 1972). Much 
of an animal’s daily activity budget consists of time 
spent foraging (e.g., Wauters et al. 1992) that may be 
altered by food availability (e.g., Uttley et al. 1994), 
food quality (e.g., Sæther and Andersen 1990), or 
competition and the risk of predation (e.g., Hughes et 
al. 1994; Cowlishaw 1997). 

For some animals, predation risk and mortal-
ity are lower when living in urban areas due to the 
lack of natural predators, although some are nega-
tively affected by introduced predators that follow 
urbanisation (Fischer et al. 2012). Further, in urban 

environments, animals may alter their anti-predator 
behaviours in response to urban settings, habituating 
to the absence of specific predators (Mccleery 2009), 
or due to human disturbance (Ditchkoff et al. 2006)

Monitoring daily activity in the wild is challeng-
ing, particularly 24-hour observations. Traditionally, 
such data have been collected using very high fre-
quency telemetry and global positioning system data 
(e.g., Coulombe et al. 2006), although non-invasive 
methods (i.e., no physical capture or handling needed) 
exist. More recently, non-invasive wildlife monitor-
ing has been accomplished using camera traps (e.g., 
Heilbrun et al. 2006; Rowcliffe et al. 2008; Athreya 
et al. 2013; Mohamed et al. 2013). As date and time 
are stored along with imagery, it has been possible 
to analyse daily activity patterns (Akbaba and Ayaş 
2012; Lynam et al. 2013; Leuchtenberger et al. 2014;  
Steen and Barmoen 2017). I investigated the pres-
ence/absence of urban Woodchuck (Marmota monax) 
at burrows in June 2015 using 24-hour camera traps. 
I defined activity according to Bronson (1962) as any 
appearance outside the burrow, although restricted 
to the camera’s field of view. Woodchucks (order 
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Rodentia) feed on a great variety of plant materials, 
are overall diurnal, dig burrows, and hibernate in win-
ter (Kwiecinski 1998). The burrows serve as protec-
tion from predators and locations to breed and hiber-
nate (Howell 1915; Grizzell 1955; Davis 1967; Hayes 
1976; Zervanos et al. 2014). During winter, the hi-
bernation burrows are often in woody areas, while in 
summer, burrows are close to feeding areas that pro-
vide cover at the burrow entrance (Grizzel 1955). The 
main predators of Woodchuck are humans, Domestic 
Dog (Canis familiaris), Coyote (Canis latrans), Red 
Fox (Vulpes vulpes), Bobcat (Lynx rufus), American 
Black Bear (Ursus americanus), and large hawks and 
owls (Grizzell 1955; Kwiecinski 1998). 

Diel activity is an important aspect of an animal’s 
natural history because the circadian rhythm regulates 
fundamental processes including responses to abiotic 
and biotic factors (Halle 2000). It is important to doc-
ument diel activity patterns of animals in urban ar-
eas because activity may be altered by artificial light 
(e.g., Longcore and Rich 2004), changed predation 
risk (e.g., Watson 2009; Lehrer 2011; Fischer et al. 
2012), or human disturbance (Ditchkoff et al. 2006). I 
modelled summer diel activity of urban Woodchucks 
using camera traps and the cosinor method (Nelson 
et al. 1979; Pita et al. 2011; Steen 2017). I expected 
diurnal activity (Bronson 1962; Conrad and Fidura 
1970; Hayes 1976; Meier 1985) and wanted to deter-
mine if a non-invasive method gives reliable activity 
estimates as an alternative to more labour-intensive 
direct observation.

Methods
Study site and camera traps

I placed trail cameras at four Woodchuck burrows 
in backyards in the City of London, Ontario, Canada 
(42.995°N, 81.2707°W), 10–25 June 2015. This ur-
ban area is surrounded by wooded parks and green 
spaces that harbour a variety of mammals and birds. 
The four Woodchuck burrows were in different pri-
vate gardens, where all had one or two main entrances 
and were positioned under trees and bushes. One of 
the burrows was inhabited by a female with two 
young-of-the-year; the three other burrows were each 
inhabited by solitary males. At the adult female’s bur-
row, camera captures of any of the three Woodchuck 
were analyzed. I could not compare behaviour of the 
family with that of solitary males due to small sam-
ple sizes. 

I used camouflaged coloured Browning Dark Ops 
HD cameras (Browning, Birmingham, Alabama, USA).  
This small trail camera (11.4 × 8.3 × 6.4 cm) is ac-
tivated by a passive infrared sensor (PIR) that de-
tects movement at any hour (Swann et al. 2004) and 
features a no glow infrared flash to ensure the ani-

mal does not detect the camera. I chose the video re-
cording mode, although still images also would have 
worked. I mounted the cameras on tree trunks facing 
the main entrance of the burrows (one at each site) 
to record activity (Video S1). Each recording was set 
to last for 10 s, with no delay between each trigger. 
I only included complete hours of monitoring. I re-
viewed the videos from the camera traps by using the 
VideoLAN Client (VLC; Version 2.2.6 Umbrella, free, 
open source, cross-platform media player). I post-
processed the data using R version 3.10.0 (R Core 
Team 2016), and followed the data processing proce-
dure described in Steen (2017) to create a timeframe 
for the complete monitoring period for a given hour-
block, date, and burrow. Instead of using frequency 
(number of observations per hour block) in the analy-
sis, I only scored presence or absence of Woodchucks 
within an hour block (i.e., ‘no woodchuck’ or ‘wood-
chuck’ per observed hour-block; see below). This is a 
conservative measurement, but is preferred over fre-
quency data because it is likely that not all activity of 
an individual was recorded (e.g., individuals using an 
entrance out of view of the camera). 
Diel activity and analysis

Statistical analysis was performed using the 
“lme4” package (R Core Team 2016). The analy-
sis of diel activity rhythms was based on general-
ized linear mixed-effects regression models (Pinheiro 
and Bates 2000) in which the periodic component of 
time series was represented by pairs of sine and co-
sine functions (Nelson et al. 1979; Pita et al. 2011; 
Steen 2017). The response variable was whether there 
was a Woodchuck observed within an hour-block 
for each burrow during the 24-h monitoring period 
each day (Steen and Barmoen 2017). Hence, the re-
sponse variable had two outcomes: ‘no woodchuck’ 
or ‘woodchuck’ per observed hour-block, modelled 
using binomial distribution logistic regression mod-
els (Galyean and Wester 2010). The fixed explanatory 
variable, time of the day (i.e., 24 hours), was fitted us-
ing the cosinor method (Nelson et al. 1979; Pita et al. 
2011; Steen 2017), first with 24 h as the fundamental 
period and then with one or two harmonics of 12-h 
and 8-h periodicity to modulate the signal. The co-
sinor method uses a fundamental function and one or 
more harmonics to characterize the waveform of the 
activity rhythm (Nelson et al. 1979; Pita et al. 2011; 
Steen 2017). Each added harmonic improves the fit, 
although too many harmonics could add too much 
complexity and cause overfitting (Sheather 2009). I 
included burrow as a random effect to control for re-
peated measurements at each site, individual variation 
among Woodchucks inhabiting burrows (in particu-
lar for this study female with young versus solitary 
male), and different sampling effort among burrows. 
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Different sampling effort was due to time required to 
locate the burrows and maintain the cameras. 

To control for ambient temperature and wind as 
possible factors influencing diel activity, I used hourly 
ambient temperature (°C) and wind speed (km/h) 
from the nearest weather station (London A climate 
station, distance ~10.0 km; www.climate.weather.gc. 
ca) as co-variables. The average 24-h temperature dur
ing the June monitoring period was 19.3°C (SD 3.7, 
range 10.8–29.0°) and average wind speed was 12.1 
km/h (SD 6.9, range 1–41). 

To avoid overfitting the activity curve (i.e., by 
adding too many harmonics or including unneces-
sary co-variables), I calculated the small-sample cor-
rection AICc for each model (Burnham and Anderson 
1998; Burnham 2002; Aho et al. 2014). I evaluated 
each model by assessing the AICc values against the 
model that included only the random term (M0). The 
model with the lowest AICc value was considered the 
‘best’. Models in which the difference in AICc relative 
to AICcmin < 2 are considered to have substantial sup-
port (Burnham and Anderson 1998; Burnham 2002). 

I computed the 95% CI of the fitted line by model-
based parametric bootstrapping for mixed models 
(bootMer function, 1000 simulations, “lme4” pack-
age). I was particularly interested in the global acro-
phase or time point in the cycle describing an activity 

peak in the cosinor model and which part of the day 
that activity was higher than the average (i.e., mid-
line estimating statistic of rhythm, hereafter called 
MESOR). Global acrophases correspond to the time 
intervals at which the fitted function had peak value 
(Pita et al. 2011). The time of day that the modelled 
activity was above MESOR could be defined as the 
main activity period (Navarro et al. 2013).

Results
Only a few observations were recorded at night 

(range 0059–2220) and I monitored the Woodchucks 
for a total of 900 h in June 2015 (Table S1); Wood
chucks were diurnal (presence/absence at the burrow 
entrance; raw data, Figure 1). The diurnal activity 
pattern was confirmed by the best-fitted multi-cosinor 
model (AICc = 902.8 versus AICc = 1128.8 for the 
null model, Table 1; fitted line, Figure 1; Tables S2 
and S3). The most parsimonious model was based on 
the 1st harmonic component (12 h) in addition to the 
fundamental period (24 h). Adding the 2nd harmonic 
(8 h), temperature or wind did not improve model fit 
(Tables 1 and 2). Including wind and temperature (M10 

and M6, respectively) in addition to the time variable 
in the second and third-best models suggested that 
wind and temperature had opposite effects (Table S4); 
the coefficient for wind was positive while temper-

Figure 1. Modelled diel activity of Woodchuck (Marmota monax), London, Ontario, Canada,  June 2015, with the prob-
ability of the Woodchuck being outside the burrow in an hour-block (denoted with dot-plot connected with line) and based 
on the best-fit model (parameter estimates given in Table 1, n = 900; random effect = 4). The lower grey bars are the count 
of hour-blocks with ‘no woodchuck’ (n = 574) and upper grey bars are the count of hour-blocks with ‘woodchuck’ (n = 326).

http://www.climate.weather.gc.ca
http://www.climate.weather.gc.ca
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ature was negative. This suggests a higher probabil-
ity of Woodchucks being present at the burrow when 
it was windy or colder, although these models had 
low support (Table S3). Further, models only includ-
ing wind and temperature (M8 and M4, respectively) 
were ranked lowest in comparison to models includ-
ing the time variable. Thus, there is strong support for 
Woodchuck activity to oscillate under a light:dark re-
gime with minor influences by abiotic factors such as 
temperature and wind. The activity pattern at the bur-
rows was unimodal (left skewed) and concentrated 
in the daylight hours, starting at sunrise and peaking 
in the afternoon (from 1300–1400 until 1900–2000 
hour-blocks, i.e., the global acrophase) and ceasing 
before sunset (Figure 2). The mean of the modelled 
activity curve (MESOR) was found to be 0.31 (model 
M0, including only intercept and random effect term). 

Discussion
I found that Woodchuck had a strictly diurnal ac-

tivity pattern (presence/absence of the Woodchuck 
at the burrow entrance) during June as has been 
found with previous telemetry and direct obser-
vation studies (Bronson 1962; Conrad and Fidura 
1970; Hayes 1976; Meier 1985). The activity pat-
tern was unimodal, starting with sunrise and end-
ing before sunset. The unimodal pattern corresponds 
with telemetry data collected during spring and 
early summer (1–14 June) near the southern range 
limit of the species (ca. 36° latitude, northern part 
of Arkansas; Hayes 1976). Although later in June, 

July, and August, Hayes (1976) found a transition 
to a bimodal activity pattern before returning to the 
unimodal state in October. Using direct observation, 
Bronson (1962) found a bimodal pattern for general 
activity during the summer months (May–August) 
and a unimodal pattern early and late in the year 
(February–April and September–November, ca. 40° 
latitude, south-central Pennsylvania). Conrad and 
Fidura (1970) performed systematic sightings dur-
ing April–May and found that the activity was char-
acteristically unimodal early in this period with a 
peak at midday and was bimodal with peaks in early 
morning and late afternoon later in the period (west-
ern New York; ca. 42–43° latitude). Further, the on-
set and cessation of daily activity agreed with Hayes 
(1976). I found daily activity at the burrow site was 
low from activity onset until 0700–0800, similar to 
Merriam (1966) who found by telemetry that, at the 
onset of daily activity, the proportion of inter-bur-
row movements was much lower than the propor-
tion of total activity. Merriam (1966) proposed that 
morning activity might involve a higher proportion 
of feeding and related movements. 

All of these previous studies monitored Wood
chucks in more rural settings: old fields with woodlots 
(Bronson 1962), cultivated hayfields (Hayes 1976), 
or land previously farmed with old fields and second 
growth hardwood forest (Conrad and Fidura 1970). 
Although comparing my results with those of others 
is limited to examining general trends due to method-
ological differences (cameras versus direct observa-
tions and telemetry), the urban setting in my study did 
not appear to result in a change in general activity pat-
tern seen in these more rural areas. 

The time of day that Woodchuck activity (pres-
ence/absence at the burrow entrance) increased from 
below the MESOR to above the MESOR (i.e., upward 
crossing) was from 0700 to 0800 (i.e., switched from 
lower to higher activity). The time of day that the 
modelled activity decreased from above the MESOR 
to below the MESOR was at the end of hour block 
1900–2000 (i.e., downward crossing, switched from 
higher to lower activity). Hence, ~12 hours represent 
the relative length of the main active period, with 

Table 1. Analysis of diel activity rhythm models for 
Woodchuck (Marmota monax), in June 2015, London, 
Ontario, Canada. The model with the lowest AICc was con-
sidered the ‘best’. The five highest ranked models are shown. 
For full model comparison see Tables S2–S4. 

Model  K AICc ∆AICc
M2 6 902.81 0.00
M10 7 903.30 0.49
M6 7 904.82 2.01
M3 8 905.32 2.51
M11 9 905.49 2.68

Table 2. Analysis of diel activity rhythm models of Woodchuck (Marmota monax), in June 2015, London, Ontario, Canada. 
Parameter estimates from the best-fit model (number of observations: 900; random effect: four burrow sites). 

Fixed effects: Estimate SE Z-value P
(Intercept) −1.13 0.45 −2.50 0.012
I(cos(2 · pi · Hour/24)) −1.66 0.15 −11.11 <0.001
I(sin(2 · pi · Hour/24)) −0.74 0.12 −6.34 <0.001
I(cos(2 · 2 · pi · Hour/24)) −0.78 0.13 −6.00 <0.001
I(sin(2 · 2 · pi · Hour/24)) −0.19 0.12 −1.52 0.128
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an afternoon peak. The period from no activity to 
MESOR was about three to four hours. The period 
from MESOR to no activity was about two to three 
hours. Activity was found to be higher in the after-
noon (from 1300–1400 to 1900–2000, i.e., the global 
acrophase), with a peak in the late afternoon (1500–
1700). This pattern corresponded well with inter-bur-
row movements by Woodchucks revealed by telem-
etry on one adult and three juveniles conducted in 
New York mainly in August by Merriam (1966). 
Woodchucks might become satiated after spending 
more time foraging during the first part of the day 
and then spend more time resting at the burrow site. 

Temperature and wind were not included in the 
best-fit model. The two models that included wind 
and temperature, in addition to the time variable, 
showed a higher probability of Woodchucks being 
present at the burrows when it was windy and colder. 
Because wind and, in particular temperature, are de-
pendent on time-of-day (light:dark regime), the ef-
fect of these abiotic weather variables on Woodchuck 
daily activities might only be unravelled under exper-
imental conditions by dissociating time and weather 
variables. According to the best-fit model that con-
tained only the time variable, I propose that during 
the early summer, Woodchuck activity oscillates un-

der a light:dark regime with a minor influence of abi-
otic factors such as temperature and wind. In contrast, 
annual activity patterns (i.e., initiation and termina-
tion of torpor) are likely driven by both photoperiod 
length and temperature (Zervanos et al. 2010). Hayes 
(1976) compared early and late season with summer 
activity and found that the activity curves for early 
and late season were more irregular compared with 
the relatively smooth activity curve during summer. 
Hayes (1976) interpreted this as evidence of weather 
effects on aboveground activity during the early and 
late season (with more severe weather). However, 
during summer, Woodchucks were also found to 
avoid high temperatures during the middle of the di-
urnal period. Ambient temperature during these pe-
riods showed that temperatures above 31°C reduced 
aboveground activity (Hayes 1976). Such high tem-
peratures were not registered during my monitoring 
period (maximum temperature was 29°C).

 Conclusions
Camera trapping is a non-invasive method that 

provides insight to diel activity as it easily monitors 
extended periods and reduces the effort required for 
direct observation. My camera data revealed a simi-
lar diel activity pattern in urban Woodchucks as pre-

Figure 2. Activity plot with grey shading in accordance to the three types of twilight: astronomical, nautical, and civil (dark 
to light, respectively, with the white area representing daylight). Modelled activity is of the urban Woodchuck (Marmota 
monax), London, Ontario, Canada, June 2015, outside the burrow site (fitted line in solid and upper and lower 95% CI in 
dashed line). The MESOR (midline estimating statistic of rhythm) is indicated with a dotted line and parameter estimates are 
given in Table 1 (n = 900; random effect = 4).
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viously documented by telemetry and direct observa-
tions during summer in more rural settings (Bronson 
1962; Hayes 1976; Meier 1985). Adding additional 
camera traps to monitor foraging activity (e.g., Steen 
and Barmoen 2017) or combining cameras with te-
lemetry (e.g., Leuchtenberger et al. 2014) and ex-
tending studies to monitor the complete annual cy-
cle (e.g., Racheva et al. 2012) would improve future 
monitoring. 
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Supplementary Materials:
Video S1. Video example of a Woodchuck (Marmota monax) revealed by the camera trap. https://www.canadianfieldnaturalist.
ca/index.php/cfn/article/view/2110/2601.
Table S1. Monitoring effort (number of hours monitored) at each Woodchuck (Marmota monax) burrow, London, Ontario, 
Canada, in June 2015.
Table S2. Models used to study Woodchuck (Marmota monax) activity, in June 2015, London, Ontario, Canada. 
Table S3. Analysis of diel activity rhythm models for Woodchuck (Marmota monax), in June 2015, London, Ontario, 
Canada. 
Table S4. Analysis of diel activity rhythm models for Woodchuck (Marmota monax), in June 2015, London, Ontario, 
Canada. 
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