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Abstract

Background: The locomotor activity (LA) rhythm, widely studied in rodents, has
not been fully investigated in large mammals. This is due to the high cost and the
brittleness of the required devices. Alternatively, the locomotion scoring method
(SM), consisting of attribution of a score to various levels of activity would be a
consistent method to assess the circadian LA rhythm in such species.

New method: To test this, a SM with a score ranging from 0 to 5 has been
developed and used in two domestic large mammals, the camel and the goat.
One minute interval scoring was performed using visual screening and
monitoring of infra-red camera recording videos and carried out by two evaluators.
Results: The SM provides a clear daily LA rhythm that has been validated using an
automate device, the Actiwatch-Mini. The obtained curves and actograms were

indeed highly similar to those acquired from the Actiwatch-Mini. Moreover,
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there were no statistical differences in the period and acrophase. The period was
exactly of 24.0h and the acrophases occurred at 12h05 4+ 00hO3 and 12h14 +
00h07 for the camel and at 13h13 £ 00h09 and 12h57 £ 00h09 for the goat
using SM and Actiwatch-Mini respectively.

Comparison with existing methods: Compared to the automatic system, the SM is
inexpensive and has the advantage of describing all types of performed movements.
Conclusions: The new developed SM is highly reliable and sufficiently accurate to
assess conveniently the LA rhythm and specific behaviors in large mammals. This
opens new perspectives to study chronobiology in animal models of desert, tropical

and equatorial zones.

Keywords: Neuroscience, Physiology

1. Introduction

In mammals, the master circadian clock, located in the hypothalamic suprachias-
matic nuclei (SCN), generates self-sustained oscillations and controls peripheral
rhythms by neural and hormonal pathways (Dibner et al., 2010; Pévet, 2014). These
rhythmic processes are modulated by environmental cues such light-dark cycle (LD-
cycle), food and/or ambient temperature (Ta) (Meijer and Rietveld, 1989; Challet
et al., 1997; Berson et al., 2002; Carneiro and Araujo, 2012; Challet, 2013; El
Allali et al., 2013). The SCN lesion induces a loss of rest-activity rhythm; while
brain graft of fetal SCN cells restores it (Moore and Eichler, 1972; Stephan and
Zucker, 1972; Lehman et al., 1987). The locomotor activity (LA) rhythm, one of
the most studied circadian rhythm (Hut et al., 1999; Refinetti, 2006; Verwey
et al., 2013), is widely investigated in laboratory animals but not so much in large

mammals (Bertolucci et al., 2008; Piccione et al., 2010).

Several systems to quantify the daily rhythm of LA have been developed in laboratory
animals including running wheel system, infrared system, video-based tracking sys-
tems and ultrasonic system (Vatine et al., 1998; Hut et al., 1999; LeGates and
Altimus, 2011). In large mammals, piezo-accelerometer systems of actiwatch devices
have been developed and successfully used to record LA rhythm for several days in
goat, sheep, horse, oryx and elephant (Piccione et al., 2008a, 2008b, 2010; Hetem
etal., 2012; Davimes et al., 2017; Gravett et al., 2017). However, these device systems
are high costing and easily breakable. Indeed, the unpredictable behavior and bad
temper of such large and wild animals (Lindenfors and Tullberg, 201 1), may damages
the recording devices, making their use a real challenge, especially when recording is

carried for a long period, both in wild and captivity conditions.

The search for alternate, inexpensive and reliable technique to study the daily/circa-
dian thythm of LA in large animals especially in desert, tropical and equatorial zones

becomes, nowadays, a real challenge. Meanwhile, the locomotion scoring technique,
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based on the attribution of a score to different levels of activity is largely used to
study the behavior and to evaluate motility, locomotion ability and health states
(Kaler et al., 2009; Shigyo et al., 2014; Singh et al., 2014; Angell et al., 2015;
Schlageter-Tello et al., 2015). For example, in studies of spinal cord injury in rats
and mice, this scoring method constitutes a reliable approach for monitoring LA
(Basso et al., 1995, 1996, Scheff et al., 2002; Martinez et al., 2009). To our knowl-
edge, the locomotion scoring has not been used yet to measure the circadian or daily
rhythm of LA. This technique could be a reliable way to measure the LA rhythm in
large mammals when applied to continuous time scale. To achieve this goal, we re-
corded the daily rhythm of LA using a locomotor scoring method in two domestic
large mammals, the camel (Camelus dromedarius) and the goat (Capra hircus).
This involves an analysis of animal’s video-recordings using a score-scale system
to evaluate all performed movements. To validate this method, the obtained rhythm

data were compared to simultaneously recorded data using an actiwatch device.

2. Material and methods
2.1. Animals and housing conditions

All animal procedures comply with the ARRIVE (Animal Research: Reporting of
In Vivo Experiments) guidelines. There were no animal sacrifices to carry out this
study. The work was conducted by using non-invasive techniques based on the
observation of the activity of animals through a video-recording. The study was in
conformation with the Hassan II"® Agronomy and Veterinary Institute of Rabat
and the Moroccan Ministry of Agriculture recommendations which are in accor-
dance with international ethical standards (European Union Directive 2010/63/
EU) legislation (Touitou et al., 2006).

The study was conducted at different periods of the year starting from March 2014 to
December 2017. Seven local adult female camels (Camelus dromedarius) and seven
local male goats (Capra hircus) originated from the south of Morocco were sepa-
rately used. The age and weight (mean £ Standard Error Mean (SEM)) were respec-
tively for camel 8.6 4 1.8 years and 550 + 42 kg and for goats, 1.5 &+ 0.3 years and
28 + 5 kg. Experiments were conducted at the Hassan II" Agronomy and Veteri-
nary Institute of Rabat-Morocco (Latitude: 34°00'47"N; Longitude: 6°49'57"0).
All animals were kept free and housed individually in outdoor enclosures (10 m
x 8 m) under natural environmental conditions. Food was offered twice daily at

10h00 am and 05h00 pm with free access to water.

2.2. Video recording

Video-recordings using a high-resolution camera with infrared emitters (Samsung

SCO-2080R®) were used for monitoring of the day/night’s activity. The camera
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was connected to a Digital Video Recorder (DVR) system (Provision ISR®, model:
SA-4100HDX+-) with a large storage capacity of 1 Terabyte. The recorded videos
were transferred to an external storage and viewed on a computer screen for analysis.
The “Motion Det” camera’s function which offers the monitoring of movements
only when they occur was disabled because of a mismatching between the real
movement and the on/off of the function. Thus, the study was conducted by using
continuous recording mode.

2.3. The locomotor activity scoring

The daily rhythm of LA was measured separately in each animal for a time set of 1
minute during a total period of 10 days, considered as the minimal recording period
for accurate analysis in circadian rthythms (Refinetti et al., 2007). The recorded video
sequences were visually analyzed on a computer screen. Each activity act was as-
signed a score for one minute interval. Before establishing a scoring scale, repeated
preliminary observations were required to define the major states of movements
(motionless, sitting, standing...) for each species. The final established scoring scale

for both camel and goat included six scores (0—5) and was as follows:

e 0: Animal on a sitting position and not moving.

e 1: Animal on a sitting position and moving lightly its limb under the body.
e 2: Animal on standing position without movements.

e 3: Animal on standing position moving his limbs but without locomotion.

e 4: Animal walking and exploring the environment.

5: Animal in intense locomotor activity or agitated.

To analyze quickly the different segments of recording videos, acceleration mode on
the video-screen was used according to the intensity of the animal’s activity and the
time spent by the animal in the same position/score. This allowed scoring 24h-activ-
ity in a reasonable interval-time. Total time spent for video-recording analysis was
repeatedly calculated for every 24h sequences and separately for goat and camel. It
was presented as the average (mean £ SEM) of two evaluators.

2.4. Validation of locomotor activity scoring method
2.4.1. Reliability and repeatability of the method

The scores assignment was performed by two evaluators well-trained in behavioral
scoring. The intra-and inter-assays and the inter-evaluators coefficients of variations
(CV) were calculated to examine the accuracy, reliability and stability of the data
obtained by the scoring method. The CVs calculation was carried out, separately

for the camel and the goat, as follows:
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- The intra-assay CV was determined as the variation within the obtained scores
data of each one minute set from one analysis assay. Each one minute sample
of a 24 hours video-recording sequence was scored 5 times in the same anal-
ysis by the same evaluator and during the same day. CV was calculated for
each sample and then the average of the individual CVs is denoted as intra-

assay CV.

- The inter-assay CV, for each evaluator, was calculated as the variation of scoring
data of each one minute set obtained from repeated analysis assays. Each one
minute sample of the 24 hours video-recording sequences was scored 3 times
in the same analysis assay constituting a triplicate by one assay. This analysis
was repeated 4 times at interval of 1 week to obtain a total of 5 assays. CV
was calculated for each sample/assay and then averaged to monitor the accuracy
of the results between the five assays per evaluator.

- The inter-evaluators CV was determined to assess the stability of the obtained
data between the two evaluators. Each one minute sample of five continuous
24h video-recording sequences (total of five days of recording) was simulta-
neously scored, in a blinded way, by the two evaluators. CV between the two
evaluators was calculated for each sample/1 minute and then averaged for each

assay (day) and finally averaged for the whole five days.

2.4.2. Validation of the obtained rhythm

To validate the LA rhythm obtained from the scoring method, the activity of the
same animals was simultaneously recorded by the Actiwatch-Mini® device (Cam-
bridge Neurotechnology Ltd, Cambridge, UK) for a period of 10 days and for all an-
imals. It is a small device (24 mm x 7 mm) that is commonly used to record rest-
activity circadian rhythm. It is also used to record LA and all conscious and uncon-
scious movements such as feeding, drinking, walking, grooming and rumination
(Piccione et al., 2010). This device is an actigraphy-based data logger which auto-
matically measures the total activity of a wide range of species including large an-
imals. It uses a piezo-electric accelerometer to record the integration of intensity,
amount, and duration of movement. The corresponding voltage produced by move-
ments is converted and stored in the memory unit of the Actiwatch-Mini. Connection
to the computer via the Actiwatch reader allows to program or to download data

from the device.

To record simultaneously the LA rhythm, the Actiwatch-Mini (Fig. 1A) was pro-
grammed using its USB reader (Fig. 1B) and protected in a small box then securely
appended to the lateral side of the forearm both in the camel (Fig. 1C) and the goat
(Fig. 1D). As for the locomotor scoring technique, the recording of LA was set to an

interval of one minute.

https://doi.org/10.1016/j.heliyon.2018.e00980
2405-8440/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.heliyon.2018.e00980
http://creativecommons.org/licenses/by-nc-nd/4.0/

| Heliyon
Article No~e00980

Fig. 1. Images of the piezo electric system used for the validation of the locomotor scoring method of LA
rhythm. Actiwatch-Mini® device and its USB reader (A): the device and, (B): its USB reader, (C) and (D):

Placement of the device on the lateral side of the forearm of the camel and of the goat, respectively.

2.5. Data analysis

The LA curves were plotted using Sigma-Plot software (Sigmaplot v12.0, Systat,
Chicago, IL). Actograms were produced using the ACTOGRAM PLOTTER® soft-
ware (Refinetti R, Circadian Rhythm Laboratory, University of South Carolina,

http://www.circadian.org/softwar.html).

Parameters of LA daily thythm, including the period, the acrophase, the mesor, the
amplitude and the robustness, were calculated both in camels and goats using
nonlinear least squares regression, with the help of Cosinor, Acro and LSP software
(Refinetti R, Circadian Rhythm Laboratory, University of South Carolina, http://
www.circadian.org/softwar.html). Cosinor analysis was performed according to
the equation:

f=y0+a*cos[2m*(t — @) /7]

Where fis the LA at time ¢, y0 is the mesor, a is the amplitude, ¢ is acrophase and 7
the period (fixed to 24.0 h). For each parameter, a confidence interval of 95% prob-

ability is given. Similarly, the degree of significance of the regression is calculated.

The robustness has been largely used in the circadian literature to describe how reg-
ular a circadian rhythm is (Refinetti et al., 1994; Refinetti, 2004a). In the present

study, the robustness of the LA rhythm was calculated using cosinor rhythmometry
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method as described by Nelson et al. (1979). The rhythm robustness is computed as
the percentage of variance accounted for by the rhythm and automatically given by
Cosinor software. In our study above 20% was considered as a threshold value indi-

cating a statistically significant rhythm (Piccione et al., 2010).

When cosinor fittings were too approximate, especially for the scoring data, acrop-
hase was concurrently determined from the following exponential mathematical
equation (Vivien-Roels et al., 1997; Bothorel et al., 2002) and using scoring aver-

aged data of every 5 min:
f=y0+ (ymax/((1 + exp(2.7*(phil — x)))*(1 + exp(2.7*(x — phi2)))))

The f representing LA variation with time x, yO is the basal level measured during
daytime, ymax is the amplitude of the diurnal pick of LA. The phil and phi2 repre-
sent the inflection point and the time point at which the 50% of the maximal increase
and the 50% of the decline were reached respectively. The duration of the LA peak
corresponds to the difference between phil and phi2. Since the locomotion scoring
and its best fitting waves were in regular square shape, the acrophase was calculated
as the half of this duration: phi2-phil/2. To validate this obtained calculation, the
acrophases of locomotion scoring was also determined from direct inspection of

the average curves (see El Allali et al., 2013).

The Spearman Rank Correlation was used as a statistical procedure to calculate the
strength of association by ranks between the distributions of locomotion scoring data
and the Actiwatch data. The correlation equal to 1 (r, = 1) indicates a perfect asso-
ciation between the two variables. In order to compare the two methods in equal con-
ditions, the raw data of Actiwatch were divided in six categories using their
frequencies from the scoring method and the spearman rank correlation was tested

to compare each category to the corresponding score.

In addition, the paired Student t-test was used to evaluate the statistical differences
between the locomotion scoring and the Actiwatch data by comparing both the pe-
riods and the acrophases. This test was also used to determine the statistical differ-

ences in the amount of activity between day and night.

To compare if the beginning and the end of the activity rhythm coincide with the
dark-light and light-dark transitions, the onset and offset of activity were calculated
and compared with the time of these transitions. The onset represents in minutes the
difference between the time of the beginning of activity and the time of the dark-light
transition. The offset of activity was calculated in minutes as the difference between
the time of the end of activity and the time of the light-dark transition. The two way
ANOVA was used to determine the statistically differences in the equality of means
for 10 consecutive days of the onset and the offset of the camel and goat, respectively

and then the Student test of conformity was used to verify the statistical differences

https://doi.org/10.1016/j.heliyon.2018.e00980
2405-8440/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.heliyon.2018.e00980
http://creativecommons.org/licenses/by-nc-nd/4.0/

8

| Heliyon
Article No~e00980

between the onset and the offset of LA rhythm with the dark-light and light-dark
transitions, respectively.

Differences between the total numbers of attribution of each LA scoring (Percentage
of different locomotor activity levels) were compared for day and night in both spe-

cies using Repeated Measures ANOVA.

All the statistical analyses were carried out using the Sigma-plot software. A p <
0.05 was considered statistically significant in all statistical tests used including

the mathematical regression.

3. Results

3.1. Existence of a daily LA rhythm using locomotion scoring
method

Under natural environmental conditions, the used scoring method revealed a clear
daily rhythm of LA both in camel and goat (Figs. 2, 3, and 4). It should be considered
that in both species, the represented Figs. 2, 3, and 4 show one individual locomotor
activity as representative examples. The rhythm follows the LD-cycles as its onset
and offset coincide respectively with the dark-light and light-dark transitions. During
the day, both species alternate (P < 0.05) between score “3” and score “4” (Fig. 5).
Score “1” and “2” were also frequently observed during the day in the goat. During
the night, the sitting position without movements (scores “0”) was the dominant

behavior (P < 0.05) in both species (Fig. 5) while the sitting position with

ol
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0 1 2 3 4 6 8 9 10
Time (Days)

Evaluator 2

Evaluator 1

Fig. 2. Actograms of the locomotor activity of a camel under natural conditions during 10 consecutive
days, recorded by the scoring method ranging from 0 to 5 made by the evaluator 1 (Scoring 1) and the
evaluator 2. Data represents one individual representative camel. Black line indicates the locomotor ac-
tivity rhythm every minute. The black and white rectangles at the top of the figure correspond to the suc-
cession of night (natural dark phase) and day (natural light phase).
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Fig. 3. Superposition view of actograms of the locomotor activity provided by the scoring method (green
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line) and by the Actiwatch-Mini device (blue line) in one individual representative camel. The black and
white rectangles at the top of the figure correspond to the succession of night (natural dark phase) and day
(natural light phase).
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Fig. 4. Superposition view of actograms of the locomotor activity provided by the scoring method (green
lines) and by the Actiwatch-Mini (blue line) in one individual representative goat. The black and white
rectangles at the top of the figure correspond to the succession of night (natural dark phase) and day (nat-
ural light phase).

movements (scores “1”’) was sporadically present (Fig. 5). The categories of scores
from 2 to 5 were rarely noticed during the night in both species (P < 0.05).

3.2. Reliability and repeatability of the scoring method

Results of the repeated analysis show that the total time spent for scoring a 24h
video-recording averaged 01hOO £ 11 min for camel and 01h21 + 18 min for
goat. The calculated intra-assay CV was ranged between 09.5% and 11.5%, the
inter-assay CV between 11% and 12% and the inter-evaluators values CV was
less than 09% (Table 1). The obtained low CVs indicate clearly that the scoring
method is highly reliable and repeatable, a finding which is also illustrated by the
identical LA rhythms obtained by the two evaluators (Fig. 2). A careful examination
of the curves showed the existence of few and minor differences in the scoring

without affecting the general aspect of the curve.
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Fig. 5. Percentage of the different LA scores during the day and during the night represented separately
for the camel and the goat. The percentage of each score was calculated for each animal for the whole 10
nights and 10 days of experiment and then averaged for all animals of each species. Comparison of the
percentage of scores was realized by using Repeated Measures ANOVA. *** P<(0.001 highly

significant.

Table 1. The calculated intra-, inter—assay and inter—evaluators coefficients of

variation in the goat and the camel.

Evaluators species Intra—assay CV Inter—assay CV species Inter—evaluators

Evaluator 1 Camel 9.50% 12.19% + 0.17 Camel 8.45% + 0.39
Goat 10.78% 12.43% + 0.22

Evaluator 2 Camel 10.23% 11.45% + 0.37 Goat 8.89% + 0.39
Goat 11.48% 12.14% + 0.24

CV: Coefficient of variance %.

3.3. Validation of the data

The visual assessment of the superimposed LA rhythm’s curves of the locomotion
scoring method and the Actiwatch-Mini® device (Figs. 3 and 4) shows identical
pattern of LA in both species. Data were also plotted as actograms (Fig. 6) which
show individual representative locomotor activity examples from camel and goat.
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Fig. 6. Actograms of the locomotor activity in one individual representative camel (A) and in one indi-
vidual representative goat (B) during 10 days obtained by the ACTOGRAM PLOTTER software. The
scoring method data are presented at the top and those of Actiwatch device at the bottom. Each line cor-
responds to 24h of activity starting at 00h0OO and ending at 24h00. The lines and black points indicate the
existence of a locomotor activity: the scores of 1—5 induce respectively an increase of the thickness of

the lines. White or on-line vacuum shows no activity thus representing a score 0. The black and white
rectangles at the top of the figure correspond to the night (natural dark phase) and day (natural light
phase).

Comparison of the two methods confirms the existence of high level of similarities of
the two rhythms. Furthermore, the two rhythms displayed exactly the same relation-
ship with the LD-cycles transitions (Fig. 7). Indeed, the onset and offset of the ac-
tivity rhythm coincides exactly with these transitions. The two way ANOVA
shows non-statistical differences (P > 0.05) between the different data of the onset
and the offset indicating a significant equality of the means. In addition, The Student
test of conformity indicates that for all the 10 consecutive days of the experiment,
there are no significant differences (P > 0.05) when comparing the time of the onset
and the offset of LA rhythm with the transition moments of the dark-light and light-
dark, respectively.

The Spearman Rank Correlation test demonstrates the existence of a strong correla-
tion between the two rhythms obtained by using simultaneously the locomotion
scoring method and the Actiwatch device. The coefficient of variation r, was equal
to 0.73 & 0.01 in camel and 0.74 % 0.01 in goat. The pairs of the two variables,
showing a very highly significant positive correlation (P < 0.0001) in all animals,

indicate that the data profiles conjointly increase and decrease.

The paired ¢-fest shows the presence of exactly the same and significant period of
24.0 h (P < 0.0001) for the rhythms of both scoring method and Actiwatch-Mini

device.

The mathematical regression using Cosinor method shows an acrophase statistically
different (P < 0.001) from those calculated using exponential regression and manual
determination (P < 0.001) for scoring method, and also from that calculated by Co-
sinor for Actiwatch mini’s data (Table 2). This difference between scoring’s Cosinor
acrophase with all other calculated acrophases is probably due to the fact that the
equation of Cosinor method does not allow a precise fitting of the scoring data waves

that were in regular square shape in contrast to the sinusoidal forms time series as in
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Fig. 7. Means (=SEM) of the onset and the offset of the LA rhythm (dots with error bars) correlated to
the dark-light and light-dark transitions in the camel (A) & (B), and in the goat (C) & (D) during 10
consecutive days. The onset of activity was calculated as the difference between the time of the beginning
of activity with the time of the dark-light transition. The offset of activity was calculated as the difference
between the time of the end of activity with the time of the light-dark transition. The transitions of dark-
light and light-dark are considered respectively as the reference with the given time O minutes. These
transitions in natural environment are gradual and last 20—25 minutes. The time of transition in the pre-
sent figure correspond to the official time of sunrise and sunset provided by the Regional Direction of
Meteorology of Rabat-Morocco. The black and white rectangles at the top of each figure correspond
to the natural dark phase of the night and the natural light phase of day.
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Table 2. Comparison between the acrophase of scoring method, calculated

manually, and Actiwatch-Mini in the camel and goat.

Animals locomotion scoring Actiwatch-Mini

Acrophase calculated Acrophase Acrophase Acrophase

by the exponential calculated calculated calculated by

regression equationf manually} by Cosinor§ Cosinor#
Camel 1 11h56 12h00 13h33"™"" 12h06
Camel 2 12h08 12h09 13h50™" 12h02
Camel 3 12h01 12h06 12h54™" 12h03
Camel 4 12h08 12h11 13h18™" 12h14
Camel 5 12h14 12h10 13h05™"" 12h22
Camel 6 11h58 12h26 13h08™"" 12h53
Camel 7 12h16 12h10 13h22""" 12h00
Mean 12h05 =+ 00h03 12h10 =+ 00h03 13h18 + 00h07 12h14 =+ 00h07
Goat 1 13h56 13h47 14h10™" 13h39
Goat 2 13h44 13h52 14024 12h42
Goat 3 12h55 12h48 13h57""" 13h08
Goat 4 13h16 13h09 13h44™" 12h19
Goat 5 13h27 13h12 14h59™"" 13h02
Goat 6 12h42 12h39 13h45™" 12h59
Goat 7 13h33 12h35 14h08™"" 12h50
Mean 13h21 =+ 00h09 13h08 =+ 00h12 14h09 =+ 00h10 12h57 =+ 00h09

Note: The comparisons of the T, {, and # with each other indicate that there is no significant difference P > 0.05.
The comparison of the § with 1, I, and # indicate that P < 0.001 is strongly significant. Symbols “***” in acrop-
hases of the column § indicate strong significance in comparison to acrophases of columns T, {, and #.

the Actiwatch data (Fig. 8). Indeed, the application of the exponential regression al-
lowed better fittings of scoring method data curves time series in square shape
(Fig. 8). This was confirmed by the absence of significant differences between the
acrophase of the scoring method provided by the exponential equation and the
acrophase of the Actiwatch data calculated by the Cosinor. In addition, there were
no statistical differences between this acrophase of the exponential equation with

that of the scoring method data calculated manually.

The paired -test did not detect any statistical differences (P > 0.05) between acrophases
of LA scoring calculated manually or by the exponential regression and those of acti-
watch mini calculated by Cosinor regression (Table 2). Thus, both LA scoring and acti-
watch mini showed the same acrophases with only 10—15 minutes of no significant
differences. In fact, the acrophase in the camel was at 12h05 £ 00h03 for the locomotion
scoring rhythm and at 12h14 &+ 00hQ7 for the Actiwatch-Mini thythm. The correspond-
ing values in the goat were respectively 13h13 £ 00h(09 and 12h57 £ 00h09.
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Fig. 8. Regressions, performed on the 24h-educed rhythm of locomotor activity of 10 days on the loco-
motion scoring data (p < 0.0001) and the Actiwatch-Mini data (p < 0.001). The regression represents
superimposition of the 24h curves of scoring method (A) and Actiwatch Mini device (B) in the camel
and respectively (C) and (D) in the goat. The red curves are the best fitting curves of regressions which
are the exponential regression for locomotion scoring (red in A and C) and the Cosinor for actiwatch data
(red in B and D) the blue curves in A and C represent the curves of regression of Cosinor method that
does not fit good with locomotion scoring data. Black and white barres denote of respectively the day and
night phases.

The mesor and the amplitude of the LA rhythm in the camel, obtained from the
scoring method, were respectively 1.85 £ 0.25 and 2.72 4+ 0.21; while those ac-
quired by the Actiwatch device were 315 £ 56.37 and 483.5 £ 49.70 respectively
(P < 0.05). In the goat, the corresponding values were 1.64 + 0.30 and 2.5 +
0.33 for the scoring method and 406.14 4+ 103.42 and 583.33 4 49.52 for the Acti-
watch device respectively (P < 0.05). In the present study, comparisons of the mesor
and the amplitude between the two techniques could not be undertaken because the

units and scales are not the same.

The LA rhythm robustness (denoting its regularity rate) was of 61.8 + 4.4% in the
camel and 45.0 £ 3.4% in the goat for the scoring method, while that of Actiwatch
device was 50.3 £ 2.9% and 49.7 + 2.5% respectively in the camel and the goat.

3.4. Diurnality of the LA rhythm

The visual assessment of the actograms (Fig. 6), obtained from the scoring method
and the Actiwatch-Mini, revealed that, both in the camel and the goat, the LA rhythm
shows high values during the day, starting with the beginning of the light phase at
06h52am and extends to its end at O8hOOpm. Then, the activity declines
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progressively all over the night. As mentioned above, the rthythm follows the light-
dark cycle as its onset and the offset coincide respectively with the dark-light and
light-dark transitions in both species (Fig. 7). The total numbers of attribution of
each LA score were as reported above significantly higher (P < 0.05) during the
day for all the scores denoting activity: 3, 4 and 5 (Fig. 5).

The mean amounts of total activity (Fig. 9) recorded by the Actiwatch were signif-
icantly higher (P < 0.05) during the day (45026.00 + 3826.42 for the camels and
119586.14 + 2058.42 for the goat) compared to those during the night
(7083.4827 + 445.7662 for the camels and 12811.4265 + 410.6062 for the goat).
The scoring method showed the same results with significantly (P < 0.05) high
amount of total activity during the day. The related daily mean amount of total ac-
tivity was 1735.28 &£ 151.57 for the camel and 2196.24 + 44.58 for the goats. While,
during the night, the values dropped to reach 116.33 + 23.84 for the camel and
166.61 & 40.70 for the goat. These results emphasize the diurnal nature of these
two species, which can be further confirmed by the corresponding acrophases occur-
ring in the middle of the day (Table 2 & Fig. 8).

5 60000 A 5 140000 B8
S 50000 & 120000
> =
2 0000 £ 100000
3 S 80000
< 30000 z
2 oo 2 60000
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Fig. 9. Amount of the mean total activity during the day and night recorded by the Actiwatch-Mini in the
camel (A), in the goat (B) and recorded by the scoring method in the camel (C) and in the goat (D). For
the scoring method, the total activity was calculated for each animal as the cumulative of the scores 3, 4
and 5 summed for all nights then all days of experiment and then averaged for the 7 animals of each
species. The total activity for the Actiwatch was calculated using Actiwatch Activity Analysis 7.46
(Cambridge Neurotechnology Ltd, UK). Comparison of the amount of the mean total activity during
the day and night was realized using the paired Student t-test. *** P<0.001 highly significant.

15

https://doi.org/10.1016/j.heliyon.2018.e00980
2405-8440/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.heliyon.2018.e00980
http://creativecommons.org/licenses/by-nc-nd/4.0/

16

| Heliyon
Article No~e00980

4. Discussion

In the present study, a scoring method describing the locomotor activity rhythm and
its intensity in large animals has been developed. This new technique provides a
continuous system for monitoring the LA and, therefore, is one of the strengths of
the study. It corroborates the existence of a daily rthythm of LA in the goat, previ-
ously demonstrated in studies using automatic devices recording (Bertolucci et al.,
2008; Piccione et al., 2005, 2008b, 2010). In the camel, to our best knowledge,
the present use of a locomotion scoring method provides the first evidence of the ex-
istence of LA rhythm in this species.

Usually in behavioral investigation, locomotion scoring method uses 5 minutes as a
standard time set for scoring (Shigyo et al., 2014; Singh et al., 2014). The daily rhythm
of LA was measured separately in each animal for a time set of 1 minute during a total
period of 10 days. We believe that this time set allows a highly sensitive and accurate
description of LA both in the camel and the goat, which is confirmed by the obtained
results. Likewise, the calculated CVs (lower than 20%) indicate clearly that the scoring
method is highly reliable and repeatable. It is well known that the CVs should be less
than 20% to have a high stability of the data (Forkman, 2009). The use of scoring
method in some behavioral studies has shown similar CVs (Shigyo et al., 2014).
The fact that the two evaluators scoring obtained identical rhythms exhibits a low
inter-evaluators CV. On the other hand, the obtained LA rhythm has been validated
by using an accurate accelerometer device (the Actiwatch-Mini®), previously used
in different species including the goat, sheep, horse, rabbit, cow and dog
(Bertolucci et al., 2008; Giannetto et al., 2010, 2018; Piccione et al., 2010, 2013).
The Spearman Rank Correlation test also demonstrates the existence of a strong cor-
relation between the two methods and the paired #-test confirmed the existence of the
same period and acrophase. Obviously, the used scoring method allows a recording of
the LA, as a daily rhythm, similar to that obtained by automatic devices but, in addi-
tion, emphasizes all types of activity. The attributed scores are simple, accurate and
easy to use. In fact, this technique has been developed after long successive prelimi-
nary examinations of recording videos of both species. Once the scores attributed to
the different activities exhibited by the animals were standardized, a well-trained
observer was needed to analyze the recorded videos. The total time spent for scoring
a 24h video-recording was around Olhour. Experiments of chronobiology are usually
conducted for a period of at least 10 days (Piccione et al., 2003; Refinetti, 2004b).
Thus the video-scoring of such period would take 10 hours. The time spent for
video-recording analysis is still in agreement with the most moderate time-
consuming laboratory techniques used in the field. Development of an algorithm
like that existing for specific behavioral studies in goat (Endo et al., 2016) and pig
(Lind et al., 2005) could offer further opportunities to reduce the time spent in

analyzing the recorded videos. Nevertheless, the present scoring technique is adequate
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to record accurately the daily LA rhythm in large animals and can perceive other
behavioral phenomena that cannot be distinguished by an algorithm. The Actiwatch
measures acceleration and is more accurate in detection of LA than the scoring
method. However, the later has the advantage to detect all kinds of movements per-
formed by the animal during 24h; while, the automatic devices are not able to do
s0, since only conscious and unconscious movements are considered as locomotor ac-
tivity (total LA) (Hetem et al., 2012; Giannetto et al., 2010; Piccione et al., 2010). For
example, it is not possible to distinguish, from the data of the Actiwatch device if the
animal moves in standing position (score 3), or walks (score 4) or displays an agitated
state (score 5). Furthermore, the absence of activity within the Actiwatch-Mini acto-
grams may indicate a sitting position without movements (score 0) or just a standing

position without movements (score 2).

In addition to the conception of a reliable technique for recording daily LA rhythm in
large animals, the present study also emphasizes the diurnal pattern of LA in the
camel and the goat, as was also demonstrated in other species (Bertolucci et al.,
2008; Piccione et al., 2005, 2008a, 2010; Aube et al., 2017). This observed diurnal
pattern is very close to that of diurnal laboratory animals (Garcia-Allegue et al.,
1999; Schumann et al., 2005).

5. Conclusions

The developed new technique of scoring needs the involvement of a well-trained
evaluator to make use of a scoring scale, from 0 to 5, to describe the presence and
the intensity of LA from the recording videos. Furthermore, this technique is not
very time-consuming, not expensive, highly reliable and able to record efficiently
the LA rhythm in large animals. Thus, it is easy and adequate to be used for chro-
nobiological studies in various laboratories around the world, especially where

financial aspects are the most important issues facing the research.
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