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La télémétrie/biologging pour observer le comportement 
en milieu naturel
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Ergonomie

• Sens humains inefficaces 
(obscurité, bruit)

• Moment et durée trop éprouvants
• Lieux difficilement accessibles 

(profondeur, altitude, terriers…)

Comportement « naturel »

• Limite l’effet Hawthorne (+/-)
• Estimation non-exagérée de la 

relation entre le comportement et 
d’autres variables.

• Mesure du micro-environnement
de chaque individu.

Suivis longitudinaux HF

• Budget temps (énergie)
• Evolution intra-individuelle 

(ontogénèse, plasticité, 
sénescence)

• Comportements rares et/ou brefs 
mais significatifs



3 espèces

3

3 questions

3 type de tags

Quand ? Où ? Avec qui ?

Proximity loggers
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Quand ?
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WACU (Atesys Montoux), 586€
9 g, >3 mois @ 50Hz

 

PEER COMMUNITY IN ECOLOGY 7 

Figure 1. A. Allis shad were tagged under anaesthesia with a radio transmitter on the left flank and an 
accelerometer on the right flank. The accelerometer continuously recorded acceleration on three axes. B. 

The static component of acceleration recorded on the x-axis at time t, *!&,#""""""""""⃗ , corresponds to the orthogonal 
projection of gravity, which is vertical by definition, on this axis. Hence, the angle q between the x-axis and 

the vertical plane can be computed for any time t as $# = &'($%-*!&,#""""""""""⃗ ..	C. The dynamic component of 
acceleration (here smoothed with a 31-point wide median filter) can be used to detect spawning acts, 

characterized by increased acceleration on both x (red), y (green) and y (blue) axes, resulting in a peak in the 
norm of the 3-dimensional acceleration vector (black), and accompanied by a decrease in hydrostatic 

pressure (purple). D. After correction for the q angle, the z-axis corresponds to the sway axis of the fish, and 
its dynamic component (here smoothed with a 5-point wide median filter) can be used to compute tail beat 

frequency (TBF) as the number of zero-crossings per unit of time. 

 
 

The dynamic acceleration was also used to quantify the activity of the fish through Tail Beat Frequency 
(TBF), computed as the number of zero-crossings per second of 1,!',#"""""""""""""⃗  on which a median filter (window width 
= 5 points) was applied for noise reduction (Fig. 1.D). Acceleration on the sway axis is commonly used to 
measure TBF on fishes of different species and sizes (Kawabe et al. 2003; Tsuda et al. 2006; Broell and Taggart 
2015; Brownscombe et al. 2018), and preliminary data on the two captive individuals mentioned above showed 
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PEER COMMUNITY IN ECOLOGY 11 

For each female, spawning acts were distributed in three to six nights (mean=4.87) each separated by 
zero to eight nights (mean=3.55) without spawning acts, resulting in individual spawning seasons ranging from 
14 to 24 nights (mean=18.12) from the first spawning act to the last (Fig. 3.A). The tagged females performed 
their first spawning act zero to eight days after tagging (mean=3). Only on eight occasions did a female perform 
a single spawning act during a night, so the 137 remaining acts were performed in volleys. At the individual 
level, an active night comprised from two to eight acts (mean=3.23) performed in two to 84 minutes 
(mean=29.7). The mixed zero-inflated Poisson regression indicated that water temperature during the night 
had a positive effect on the probability that a female performed at least one spawning act (negative effect on 
the zero inflation; z=-1.95, p=0.05; probability of a spawning act estimated 0.18 at 18°C and 0.23 at 19°C) but 
no effect on the number of spawning acts in the volley (the Poisson component;  z=-1.44, p=0.15). Cumulated 
over all the season, the temporal distribution of spawning acts within the night followed a Normal distribution, 
centred on 3AM, with 95% of spawning acts occurring between 0:30AM and 5:30AM. However, the 
permutation test on the hour of spawning acts indicated synchrony between acts performed by different 
females on the same night: the median time lag to the nearest act was one hour for observed data, which 
corresponds to the first percentile of simulated data (Fig. 3.B).  

 
Figure 3. The temporal distribution of spawning acts by eight Allis shad females in the river Nivelle in spring 
2017. A. Cumulated number of spawning acts for each night of the season. Each colour corresponds to an 

individual. The line above the bar plot represents the average water temperature measured each night 
between 10PM and 7AM. B. Synchrony of spawning acts performed by different females within a night (only 

the first act of the night, for each female). The red vertical line represents the median time lag between 
nearest spawning acts for observed data. The histogram represents the same thing for 10 000 permutation of 

the hour of the acts. 
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Objectif : décrire le nombre et la distribution temporelle des accouplements pour 
construire un modèle d’estimation d’effectif à partir du comptage d’accouplements

2017 : 9/9 individus retrouvés
2018 : 15/15 non retrouvés

• 7 à 26 accouplements
• rythme de maturation/expulsion
• effet de la température

https://ctentelier.shinyapps.io/alose_abc/

https://ctentelier.shinyapps.io/alose_abc/

https://ctentelier.shinyapps.io/alose_abc/
https://ctentelier.shinyapps.io/alose_abc/
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Figure 1. A. Allis shad were tagged under anaesthesia with a radio transmitter on the left flank and an 
accelerometer on the right flank. The accelerometer continuously recorded acceleration on three axes. B. 

The static component of acceleration recorded on the x-axis at time t, *!&,#""""""""""⃗ , corresponds to the orthogonal 
projection of gravity, which is vertical by definition, on this axis. Hence, the angle q between the x-axis and 

the vertical plane can be computed for any time t as $# = &'($%-*!&,#""""""""""⃗ ..	C. The dynamic component of 
acceleration (here smoothed with a 31-point wide median filter) can be used to detect spawning acts, 

characterized by increased acceleration on both x (red), y (green) and y (blue) axes, resulting in a peak in the 
norm of the 3-dimensional acceleration vector (black), and accompanied by a decrease in hydrostatic 

pressure (purple). D. After correction for the q angle, the z-axis corresponds to the sway axis of the fish, and 
its dynamic component (here smoothed with a 5-point wide median filter) can be used to compute tail beat 

frequency (TBF) as the number of zero-crossings per unit of time. 

 
 

The dynamic acceleration was also used to quantify the activity of the fish through Tail Beat Frequency 
(TBF), computed as the number of zero-crossings per second of 1,!',#"""""""""""""⃗  on which a median filter (window width 
= 5 points) was applied for noise reduction (Fig. 1.D). Acceleration on the sway axis is commonly used to 
measure TBF on fishes of different species and sizes (Kawabe et al. 2003; Tsuda et al. 2006; Broell and Taggart 
2015; Brownscombe et al. 2018), and preliminary data on the two captive individuals mentioned above showed 
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PEER COMMUNITY IN ECOLOGY 13 

Aggregating TBF, temperature and pressure data over 8-hour periods (morning: 6AM-2PM, afternoon: 

14PM-10PM, night: 10PM-6AM) produced 649 8-hour periods (Fig. 5). Shad stayed closer to the surface at 

night (mean ± standard error 160 ± 3 cm) than during the morning and afternoon (199 ± 3 cm) (LRT c2=238.9; 

p<0.0001; R2
m=0.14; R2

c=0.69), and experienced warmer temperature in the afternoon (18.6 ± 0.1°C) than in 

the night (18.3 ± 0.1°C) than in the morning (17.9 ± 0.1°C) (LRT c2=15.8; p<0.0001; R2
m=0.02; R2

c=0.05). TBF 

was higher at night (3.30 ± 0.03 beats/s) than in the afternoon (3.20 ± 0.04 beats/s) than in the morning (3.09 

± 0.03 beats/s) (LRT c2=26.8; p<0.0001) and was also 0.21 beats/s higher during the first nine periods (three 

days) just after tagging than afterwards (LRT c2=37.6; p<0.0001; R2
m=0.06; R2

c=0.36 for the model including 

both effects). The estimated energy expenditure was the highest at night (84 ± 1 kJ/8h), followed by afternoon 

(83 ± 1 kJ/8h) and morning (77 ± 1 kJ/8h) (LRT c2=24.8; p<0.0001; R2
m=0.03; R2

c=0.34). The mass of eggs 

remaining at death was not correlated to the energy expenditure cumulated across mornings (Spearman S=66; 

rho=0.21, p=0.619), afternoons (Spearman S=64; rho=24; p=0.582), nights (Spearman S=76; rho=0.09; p=0.84), 

or the whole season (Spearman S=64; rho=0.24; p=0.582).  

 

Figure 5. Depth (A), temperature (B), tail beat frequency (C) and estimated energy spent (D) by nine female 

allis shad during the morning (6AM:2PM), afternoon (2PM:10PM) and night (10PM:6AM) of their spawning 

season. Box plots show the distribution of the variables averaged (A, B, C) or cumulated (D) across 8-hour 

periods for each individual (colours as in Fig. 3, black for the individual whose tag stopped recording before 

the end of the experiment). In C, energy spent was computed from temperature and TBF using equations (1) 

and (2). 

 

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 24, 2020. ; https://doi.org/10.1101/436295doi: bioRxiv preprint 

 

PEER COMMUNITY IN ECOLOGY 14 

As expected, the q angle between the x-axis of the accelerometer and the vertical plane was positively 
correlated to the individual’s Fulton coefficient of condition (Pearson's r=0.63; p=0.006), although the effect 
seemed to be due to within-individual difference in condition and q at the beginning and at the end of the 
season rather than inter-individual variability in condition and q (Fig. 6.A). The q angle globally decreased over 
time for all individuals and was negatively related to depth, resulting in occasional increases in q during 8-hour 
periods when shad stayed closer to the surface (full model R2

m=0.28; R2
c=0.79; Fig. 6.B). The effect of time 

corresponded to a slope of -0.63 degree per day (LRT c2=518.4; p<0.001) and the effect of depth corresponded 
to a slope of -0.017 degree per cm (LRT c2=9.6; p=0.002). Contrary to our expectation, the difference of the q 
angle between initial capture and death was not related to change in body condition between initial capture 
and final recapture (Spearman S=76, rho=0.09, p=0.84). The best mixed model to explain the shift in q during 
a 8-hour period was the one with the moment (morning, afternoon or night) of the period as the independent 
factor (LRT c2=56.7; p<0.0001; R2

m=0.08; R2
c=0.08), followed by the null model including individual random 

effect only (DAICc=51), the model including estimated energy expenditure as the independent variable 
(DAICc=56), and the model including both temperature and TBF as independent variables (DAICc=58). 
According to the best model, the shift in q was negative during mornings (mean ± standard deviation -1.25° ± 
3.08), slightly negative during afternoons (-0.23° ± 2.36), and positive during the nights (0.89° ± 3.15).  

 

Figure 6. The qt angle between the x-axis of the accelerometer and the vertical plane as an indicator of fish 
body roundness. A. Temporal evolution of q computed each day along the spawning season for nine Allis 

shad. B. Relationship between Fulton coefficient of condition and qt angle at initial release (triangles) and at 
recapture after death (points). Each individual is represented with the same colour as in Fig. 3, and black is 

for the individual whose tag stopped recording before the end of the experiment. 
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Figure 1. A. Allis shad were tagged under anaesthesia with a radio transmitter on the left flank and an 
accelerometer on the right flank. The accelerometer continuously recorded acceleration on three axes. B. 

The static component of acceleration recorded on the x-axis at time t, *!&,#""""""""""⃗ , corresponds to the orthogonal 
projection of gravity, which is vertical by definition, on this axis. Hence, the angle q between the x-axis and 

the vertical plane can be computed for any time t as $# = &'($%-*!&,#""""""""""⃗ ..	C. The dynamic component of 
acceleration (here smoothed with a 31-point wide median filter) can be used to detect spawning acts, 

characterized by increased acceleration on both x (red), y (green) and y (blue) axes, resulting in a peak in the 
norm of the 3-dimensional acceleration vector (black), and accompanied by a decrease in hydrostatic 

pressure (purple). D. After correction for the q angle, the z-axis corresponds to the sway axis of the fish, and 
its dynamic component (here smoothed with a 5-point wide median filter) can be used to compute tail beat 

frequency (TBF) as the number of zero-crossings per unit of time. 

 
 

The dynamic acceleration was also used to quantify the activity of the fish through Tail Beat Frequency 
(TBF), computed as the number of zero-crossings per second of 1,!',#"""""""""""""⃗  on which a median filter (window width 
= 5 points) was applied for noise reduction (Fig. 1.D). Acceleration on the sway axis is commonly used to 
measure TBF on fishes of different species and sizes (Kawabe et al. 2003; Tsuda et al. 2006; Broell and Taggart 
2015; Brownscombe et al. 2018), and preliminary data on the two captive individuals mentioned above showed 
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Tentelier et al (Peer Community Journal, 2021)

Serendipity!

Battements de queue + T°
+ modèle bioénérgétique
à consommation d’énergie

Verticalité du capteur
à amincissement
à vessie natatoire

WACU (Atesys Montoux), 586€
9 g, >3 mois @ 50Hz
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Où ? F2620 (ATS), 230€
9 g, 6 mois 

Thèse M. Dhamelincourt (16/12/2022 !)

Figure 2: Detection zones with or without overlap and location of the antennas (receivers are

always on the right bank and protected from floods).
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Figure 2: Detection zones with or without overlap and location of the antennas (receivers are

always on the right bank and protected from floods).

9

Objectif : dénombrer les nids construits par chaque individu (à modèle 
d’estimation d’effectif + systèmes d’appariement)

Figure 6 : Matériel de 
radiopistage ©C. 
Rusch
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Où ? F2620 (ATS), 230€
9 g, 6 mois 

Thèse M. Dhamelincourt (16/12/2022 !)

Figure 14: Relationship between the intra-zone mobility per day and the individual length.

Green regression line corresponds to a simple linear model, implemented to visualize the link

between the two variables. Blue envelop around the regression line corresponds to the 95%

confidence interval.

Figure 15: Matching between the powers of detection of the individual 48101 and the powers

of detection of nests on the same antennas. Nests 8, 29 and 49 (1st June) roughly have the same

powers of detection as they were built close to each other.
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Figure 16: Matching between the powers of detection of the individual 48171 and the powers

of detection of nests on the same antennas. Nests 8, 29 and 49 (1st June) roughly have the same

powers of detection as they were built close to each other.

Figure 17: Matching between the powers of detection of the individual 48241 and the powers

of detection of nests on the same antennas. Nests 8, 29 and 49 (1st June) roughly have the same

powers of detection as they were built close to each other.

22

Figure 2: Detection zones with or without overlap and location of the antennas (receivers are

always on the right bank and protected from floods).
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• 6/20 individus hors zone
• individus marqués jamais vus
• 5 individus assignés à 2/22 nids
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Encounternet, 110€
5g, 0.2Hz, 8 jours,
programmable et réutilisable

Avec qui ?

Tentelier et al (Env. Biol. Fishes, 2016)

Objectif : détecter les associations entre partenaires et compétiteurs au-delà des 
nids
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Encounternet, 110€
5g, 0.2Hz, 8 jours Avec qui ?

Tentelier et al (Env. Biol. Fishes, 2016)

Résultats prometteurs
Déploiement à plus grande échelle 



Enseignements
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Domaine de recherche / marché très dynamique : 
• veille technologique 
• monopoles de niches (Atesys)
• risque d’interruption de l’approvisionnement (Encounternet)

Besoin de flexibilité :
• à considérer dans le choix des fournisseurs (Encounternet, TechnoSmart)
• DIY (formation, recrutement, collaboration)

Valeur d’une donnée ?
• coût financier, bien-être animal, environnemental
• risque de perte (alose : 15/24 ;  lamproie : 6/20 ; truite : 1/10)
• quantité de données (manip accéléro : 4 milliards de valeurs enregistrées)
• représentativité et puissance statistique (manip accéléro : 9 individus)
• partage (Movebank) à mining



Merci de votre attention


