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τ00 tag1 0.00 

τ00 tag2 0.00 

ICC 0.45 

N night 34 

N tag1 22 

N tag2 22 

N dy_name 250 

Observations 2997 

Marginal R2 / Conditional R2 0.050 / 0.404 

Table S11. Model output table of model of synchronization (i.e. the proportion of minutes during a 1073 

night that both dyad members exhibit the same behavior, either sleep or wakefulness) without 1074 

standardization of the response variable 1075 

 1076 

 1077 

Figure S9. A toy example of the procedure we used to test for sentinel behavior and synchronization 1078 

of nighttime behavior. Each row represents a baboon’s time-series of sleep and wake activity during 1079 

the night, with black vertical lines indicating periods of nocturnal waking behavior. Colors correspond 1080 

to different nights, and the transparency of the color indicates the timing of night, with reference to 1081 

the empirical, unshifted data. The time shifting procedure was repeated 1000 times to generate a null 1082 

distribution for the proportion of minutes in which at least one individual is awake during the night 1083 

and the mean proportion of the group exhibiting synchronized behavior.  1084 
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 1085 

 1086 

Figure S10. A) A toy example of the procedure alternative to the one presented in the main text (and 1087 

represented in Figure S9) that we used to confirm findings concerning sentinel behavior and 1088 

synchronization of nighttime behavior that we derived from the procedure presented in the main text. 1089 

Each row represents a baboon’s time-series of sleep and wake activity during the night, with black 1090 

vertical lines indicating periods of nocturnal waking behavior. Colors correspond to different nights, 1091 

with reference to the empirical, unpermuted data, and the transparency of the color indicates the 1092 

timing of night. The night permutation procedure was repeated 1000 times to generate a null 1093 

distribution for the proportion of minutes in which at least one individual is awake during the night 1094 

and the mean proportion of the group exhibiting synchronized behavior. B) Comparison of the 1095 

empirical proportion of minutes in which at least one individual is awake (red dotted line) to its null 1096 

distribution (grey density plot; p < 0.0001). C) Comparison of the empirical mean of the proportion of 1097 

the group exhibiting synchronized behavior (red dotted line) to its null distribution (grey density plot; 1098 

p < 0.0001). This method of permutation controls for the possibility that baboons are synchronized in 1099 

their behavior simply as a result of species-typical nocturnal waking patterns that are consistent across 1100 

baboons and across nights. 1101 

 1102 

Sleep validation study 1103 

 1104 

To evaluate whether the accelerometer-based sleep classification technique was accurately 1105 

monitoring sleep in baboons, we returned to Mpala Research Centre in July 2019 to perform a 1106 

validation study in which we compared the results of the accelerometer-based sleep classification to 1107 

direct observations of awake and sleeping baboons. Using the procedures described in Strandburg-1108 

Peshkin et al., 2015, we trapped and anesthetized 27 members of a group of habituated olive baboons, 1109 

fitting each with a GPS and accelerometry collar. Eleven of the 27 collars deployed recorded 1110 

continuous tri-axial accelerations at 12 Hz/axis from 06:30 to 18:00 and 0.71-second bursts of 1111 
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accelerations at 56.2 Hz/axis at the beginning of every minute from 18:00 to 06:30. Accelerometry 1112 

data was collected by each of these 11 collars for up to 31 days. The remaining 16 collars did not 1113 

collect accelerometry data from 06:30 to 18:00, and thus we excluded data from these collars from the 1114 

validation study. 1115 

We down-sampled and interpolated the accelerometry data such that it matched the sampling 1116 

frequency and schedule of the data collected in 2012 (i.e. the data analyzed for this manuscript). We 1117 

then applied the sleep classification algorithm described in the Materials and Methods to this 1118 

validation dataset. 1119 

To validate the sleep classification algorithm, we performed direct behavioral observations of 1120 

the baboons at their primary sleep site. We recorded the behavior of the study baboons starting when 1121 

they approached their sleep site using a FLIR T1020 high-resolution infrared camera (FLIR Systems 1122 

Inc., Wilsonville, OR, USA). Recordings continued into the night for as long as the camera battery 1123 

allowed (average recording duration (range of recording durations): 7.4 hours (1.7 – 14.9 hours)), and 1124 

we collected thermal imaging data on 21 nights. We identified individuals in the thermal imagery both 1125 

in real-time, via observer narration of the recorded imagery, and post-recording, by matching 1126 

movements of individuals in the thermal imagery to the GPS tracks of collared individuals. 1127 

Following initial data collection, we used the commercial software Loopy (Loopbio GmbH, 1128 

Austria) to score the behavior of identified individuals in the thermal imagery. Individuals’ behavior 1129 

was scored as “wakefulness”, “resting wakefulness”, or “sleep”. Wakefulness refers to any behavior 1130 

involving active movement (i.e. walking, running) or engaged activity (i.e. allogrooming), whereas 1131 

resting wakefulness refers to behaviors that are dormant (i.e. sitting), but not in the typical sleeping 1132 

posture of a baboon (sitting or lying with neck relaxed and head hung). Sustained dormant behavior in 1133 

the typical sleep posture was considered sleep. Video scoring resulted in a total of 8.0 hours of 1134 

behavioral observation across a total of 16 individual baboons.  1135 

Synchronizing the thermal imagery data with the accelerometry data produced a validation 1136 

dataset of 294 minute-epochs across six baboons that were both classified as either sleep or wakeful 1137 

behavior from accelerometry, and scored as wakefulness, resting wakefulness, or sleep from direct 1138 

observation. With both wakefulness and resting wakefulness representing wakeful behavior, the 1139 

accelerometer-based sleep classification exhibited an accuracy of 79.9% (Table S12). Consistent with 1140 

previous validation studies of the use of accelerometry in measuring sleep (Ancoli-Israel et al., 2003; 1141 

de Souza et al., 2003), we found that accelerometer-based sleep classification has difficulty 1142 

distinguishing resting wakefulness from sleep, and we consider this limitation in our interpretation of 1143 

the results. 1144 

 1145 

 1146 

 

Behavioral scoring 

Awake Asleep 

Wakefulness 
Resting 

wakefulness 
Sleep 

Accelerometer-

based sleep 

classification 

Awake 30 85 19 

Asleep 0 40 120 

Table S12. Confusion matrix reporting the results of the validation study. Table entries represent the 1147 

number of minute-epochs classified according to the accelerometer-based technique and direct 1148 

behavioral observation. 1149 
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Supplemental Information 1 

 2 

Collar # GPS start date GPS end date ACC start date ACC end date 

2426 2012-08-01 2012-08-30 2012-08-01 2012-08-31 

2427 2012-08-01 2012-09-04 2012-08-01 2012-09-04 

2428 2012-08-01 2012-08-15 2012-08-01 2012-08-15 

2430 2012-08-01 2012-08-03 2012-08-01 2012-08-03 

2432 2012-08-01 2012-08-05 2012-08-01 2012-08-05 

2433 2012-08-01 2012-08-06 2012-08-01 2012-08-06 

2434 2012-08-01 2012-08-02 2012-08-01 2012-08-02 

2436 2012-08-01 2012-09-02 2012-08-01 2012-09-02 

2439 2012-08-01 2012-09-04 2012-08-01 2012-09-04 

2441 2012-08-01 2012-08-29 2012-08-01 2012-08-29 

2443 2012-08-01 2012-09-02 2012-08-01 2012-09-02 

2446 2012-08-01 2012-09-02 2012-08-01 2012-09-02 

2447 2012-08-01 2012-08-31 2012-08-01 2012-08-31 

2448 2012-08-01 2012-08-16 2012-08-01 2012-08-17 

2449 2012-08-01 2012-08-31 2012-08-01 2012-08-31 

2450 2012-08-01 2012-08-05 2012-08-01 2012-08-05 

2451 2012-08-01 2012-09-02 2012-08-01 2012-09-02 

2452 2012-08-01 2012-08-14 2012-08-01 2012-08-14 

2453 2012-08-01 2012-08-03 2012-08-01 2012-08-03 

2454 2012-08-01 2012-08-14 2012-08-01 2012-08-14 

2455 2012-08-01 2012-08-08 2012-08-01 2012-08-08 

2456 2012-08-01 2012-08-31 2012-08-01 2012-08-31 

2457 2012-08-01 2012-09-04 2012-08-01 2012-09-04 

2458 2012-08-01 2012-08-01 2012-08-01 2012-08-01 

2459 2012-08-01 2012-08-01 2012-08-01 2012-08-01 

2460 2012-08-01 2012-08-01 2012-08-01 2012-08-01 

Table S1. Collar metadata. Table depicts the data on which each collar began collecting data and 3 

ceased to collected data for both GPS and accelerometry (ACC). 4 

 5  
Total sleep 

time 

Sleep onset 

time 

Waking 

time 

Sleep period 

duration 

Sleep 

efficiency 

Total sleep 

time 

1 -0.61 0.65 0.87 0.57 

Sleep onset 

time 

x 1 -0.04 -0.72 -0.05 

Waking time x x 1 0.72 0.10 

Sleep period 

duration 

x x x 1 0.11 

Sleep 

efficiency 

x x x x 1 

Table S2. Pearson correlation coefficient between the metrics of sleep extracted from the 6 

accelerometry data. Total sleep time is correlated with all sleep metrics. 7 

 8 
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 9 
Figure S1. Histogram of total sleep time for the first 20 nights of the study (data prior to leopard 10 

attack 11 

 12 

  Total sleep time (Standardized)  

Predictors Estimates CI (95%) 

Intercept -0.03 -0.55 – 0.49 

Travel distance -0.02 -0.18 – 0.15 

Time spent napping -0.18 -0.36 – -0.01 

Previous night total sleep time -0.00 -0.14 – 0.13 

Tree fidelity score 0.20 0.05 – 0.36 

Relative number of baboons in tree -0.51 -0.85 – -0.16 

Minimum ambient temperature -0.03 -0.21 – 0.13 

Moon phase 0.05 -0.12 – 0.22 

age: Juvenile -0.32 -1.12 – 0.50 

age: Subadult -0.32 -0.80 – 0.14 

sex: Male 0.44 -0.04 – 0.92 

tree: tree2 -0.26 -1.08 – 0.56 

tree: tree3 -0.15 -1.01 – 0.69 

tree: tree4 -0.81 -1.30 – -0.32 

tree: tree5 -0.24 -0.74 – 0.27 

tree: tree6 0.02 -0.60 – 0.65 

tree: tree7 0.10 -0.62 – 0.84 

tree: tree8 -0.26 -0.75 – 0.22 

tree: tree10 -0.22 -0.95 – 0.51 

tree: tree11 -0.22 -0.78 – 0.32 

Random Effects 

σ2 0.53 

τ00 night 0.02 

τ00 tag 0.08 

ICC 0.16 

N tag 18 

N night 18 

Observations 170 

Marginal R2 / Conditional R2 0.340 / 0.414 
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Table S3. Model output table of model total sleep time (for the first 20 days) with all numerical 13 

variables standardized 14 

 15 
Figure S2. Model output plot of model of total sleep time (for the first 20 days) with all numerical 16 

variables standardized. The categorical variable tree is not plotted 17 

 18 

  Total sleep time (hours) 

Predictors Estimates CI (95%) 

Intercept 18.65 -24.20 – 63.97 

Travel distance (km) -0.01 -0.12 – 0.09 

Time spent napping (mins) -0.01 -0.01 – -0.00 

Previous night relative total sleep time (mins) -0.00 -0.00 – 0.00 

Tree fidelity score 0.60 0.15 – 1.03 

Relative number of baboons in tree -1.55 -2.58 – -0.48 

Minimum ambient temperature (degree Celsius) -0.03 -0.19 – 0.12 

Moon phase 0.11 -0.25 – 0.48 

age: Juvenile -0.26 -0.85 – 0.38 

age: Subadult -0.25 -0.60 – 0.10 

sex: Male 0.34 -0.03 – 0.72 

tree: tree2 -0.20 -0.84 – 0.44 

tree: tree3 -0.12 -0.79 – 0.55 

tree: tree4 -0.64 -1.03 – -0.25 

tree: tree5 -0.20 -0.59 – 0.19 

tree: tree6 0.02 -0.48 – 0.50 

tree: tree7 0.09 -0.46 – 0.64 

tree: tree8 -0.22 -0.59 – 0.16 

tree: tree10 -0.17 -0.74 – 0.38 

tree: tree11 -0.18 -0.60 – 0.24 

Random Effects 

Sex: Male 

Age: Subadult 

Age: Juvenile 

Moon phase 

Minimum ambient temperature 

Relative number of baboons in tree 

Tree fidelity score 

Previous night total sleep time 

Time spent napping 

Travel distance 

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

The copyright holder for thisthis version posted September 27, 2021. ; https://doi.org/10.1101/2021.09.26.461870doi: bioRxiv preprint 

https://doi.org/10.1101/2021.09.26.461870
http://creativecommons.org/licenses/by/4.0/


4 

 

σ2 0.31 

τ00 night 0.01 

τ00 tag 0.05 

ICC 0.17 

N tag 18 

N night 18 

Observations 170 

Marginal R2 / Conditional R2 0.337 / 0.412 

Table S4. Model output table of model total sleep time (for the first 20 days) with no standardization 19 

of variables 20 

 21 

 22 
 23 

Figure S3. Comparison of the Shannon entropies of individuals’ sleep tree occupancy within this 24 

sleep site to a null distribution produced by 1000 identity permutations. The analysis revealed lower 25 

entropy in tree occupancy than expected by random chance (one-tailed two-sample Kolmogorov-26 

Smirnov test: p < 1.0 x 10-9), indicating that individuals exhibited high fidelity to particular trees. The 27 

red line represents the distribution of Shannon entropies of individuals’ sleep tree occupancy 28 

calculated from the empirical data, and the black line represents the distribution of entropy of sleep 29 

tree occupancy derived from the permuted data set. 30 

 31 

 32 
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 33 
 34 

Figure S4. The conditional effect of tree identity on total sleep time. The conditional effects plotted 35 

here are from the unstandardized Bayesian linear mixed model (LMM) of total sleep time (hours). 36 

 37 

  Total sleep time (Standarized)  

Predictors Estimates CI (95%) 

Intercept -0.04 -0.55 – 0.47 

Average VeDBA during day -0.12 -0.33 – 0.12 

Time spent napping -0.13 -0.30 – 0.05 

Previous night total sleep time -0.00 -0.14 – 0.13 

Tree fidelity score 0.20 0.04 – 0.36 

Relative number of baboons in tree -0.55 -0.89 – -0.20 

Minimum ambient temperature -0.04 -0.21 – 0.12 

Moon phase 0.07 -0.09 – 0.23 

age: Juvenile -0.21 -1.01 – 0.59 

age: Subadult -0.26 -0.77 – 0.22 

sex: Male 0.53 0.09 – 0.97 

tree: tree2 -0.34 -1.18 – 0.49 

tree: tree3 -0.47 -1.26 – 0.33 

tree: tree4 -0.86 -1.37 – -0.35 

tree: tree5 -0.28 -0.79 – 0.22 

tree: tree6 0.04 -0.60 – 0.68 

tree: tree7 0.08 -0.66 – 0.83 

tree: tree8 -0.28 -0.77 – 0.23 

tree: tree10 -0.13 -0.84 – 0.58 

tree: tree11 -0.24 -0.79 – 0.31 

Random Effects 

σ2 0.55 

τ00 night 0.02 

τ00 tag 0.07 

ICC 0.13 

Tree Identity 
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N tag 18 

N night 18 

Observations 178 

Marginal R2 / Conditional R2 0.352 / 0.416 

Table S5. Model output table of model total sleep time (for the first 20 days) with all numerical 38 

variables standardized 39 

 40 

 41 
Figure S5. Histogram of time spent napping for the first 20 days of the study (data prior to leopard 42 

attack) 43 

 44 

  Time spent napping (standardized) 

Predictors Estimates CI (95%) 

Intercept -0.10 -0.49 – 0.28 

Prior night total sleep time 0.05 -0.08 – 0.18 

Random Effects 

σ2 0.41 

τ00 night 0.12 

τ00 tag 0.51 

ICC 0.60 

N tag 20 

N night 19 

Observations 199 

Marginal R2 / Conditional R2 0.003 / 0.617 

Table S6. Model output table of model of time spent napping during the day (for the first 20 days) 45 

with all numerical variables standardized 46 

 47 

  Time spent napping (minutes) 

Predictors Estimates CI (95%) 

Intercept 21.22 -5.83 – 47.59 

Prior night total sleep time (hours) 1.53 -1.23 – 4.42 

Random Effects 

σ2 295.93 

τ00 night 25.86 

τ00 tag 99.07 

ICC 0.30 

N tag 20 

N night 19 

Observations 199 
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Marginal R2 / Conditional R2 0.002 / 0.521 

Table S7. Model output table of model of time spent napping during the day (for the first 20 days) 48 

without standardization of the variables 49 

 50 

 51 
Figure S6. Histogram of total sleep time for the entire study duration 52 

 53 

 54 

  Total sleep time (standardized) 

Predictors Estimates CI (95%) 

Intercept -0.24 -0.57 – 0.11 

cond_night: night of leopard attack -0.25 -0.87 – 0.39 

cond_night: first night in new sleep site -1.55 -2.18 – -0.91 

cond_night: second night in new sleep site -0.26 -0.98 – 0.44 

cond_night: third night in new sleep site 0.21 -0.47 – 0.88 

cond_night: remainder of nights (in original sleep site) 0.25 -0.07 – 0.56 

age: Juvenile -0.27 -1.14 – 0.59 

age: Subadult -0.36 -0.87 – 0.13 

sex: Male 0.74 0.25 – 1.26 

Travel distance -0.06 -0.18 – 0.07 

Time spent napping -0.11 -0.28 – 0.05 

Previous night relative total sleep time 0.15 0.04 – 0.27 

Minimum ambient temperature -0.00 -0.14 – 0.14 

Moon phase 0.02 -0.12 – 0.15 

Random Effects 

σ2 0.78 

τ00 tag 0.14 

ICC 0.16 

N tag 20 

Observations 275 

Marginal R2 / Conditional R2 0.251 / 0.314 

Table S8. Model output table of model of total sleep time using data from entire study duration 55 

(including after the leopard attack) with all variables standardized 56 

 57 

  Total sleep time (hours) 

Predictors Estimates CI (95%) 
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Intercept 8.43 -43.81 – 59.58 

cond_night: night of leopard attack -0.21 -0.90 – 0.48 

cond_night: first night in new sleep site -1.19 -1.88 – -0.49 

cond_night: second night in new sleep site -0.23 -0.98 – 0.48 

cond_night: third night in new sleep site 0.15 -0.58 – 0.86 

cond_night: remainder of nights (in original sleep site) 0.15 -0.19 – 0.48 

age: Juvenile -0.28 -0.96 – 0.39 

age: Subadult -0.31 -0.71 – 0.07 

sex: Male 0.58 0.19 – 0.99 

Travel distance -0.04 -0.13 – 0.05 

Time spent napping -0.00 -0.01 – 0.00 

Previous night relative total sleep time 0.00 0.00 – 0.00 

Minimum ambient temperature 0.00 -0.17 – 0.19 

Moon phase 0.07 -0.33 – 0.47 

Random Effects 

σ2 0.43 

τ00 night 0.05 

τ00 tag 0.09 

ICC 0.25 

N tag 20 

N night 32 

Observations 275 

Marginal R2 / Conditional R2 0.257 / 0.365 

Table S9. Model output table of model of total sleep time using data from entire study duration 58 

(including after the leopard attack) without standardization of variables 59 

 60 

 61 
 62 

 63 

 64 

 65 

Figure S7. The conditional effect of night condition on total sleep time. The conditional effects 66 

presented here are from the unstandardized model of total sleep time. 67 

 68 
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69 
Figure S8. Histogram of the dyadic synchronization scores, which indicates the proportions of 70 

minutes between 21:00 and 05:00 during which both members of a dyad exhibited the same behavior 71 

(either sleep or wakefulness) on a given night. 72 

 73 

  Proportion of minutes synchronized (Standardized) 

Predictors Estimates CI (95%) 

Intercept -0.21 -0.45 – 0.03 

Occupying same tree 0.56 0.47 – 0.64 

Random Effects 

σ2 0.60 

τ00 dy_name 0.14 

τ00 night 0.19 

τ00 tag1 0.08 

τ00 tag2 0.09 

ICC 0.45 

N night 34 

N tag1 22 

N tag2 22 

N dy_name 250 

Observations 2997 

Marginal R2 / Conditional R2 0.050 / 0.404 

Table S10. Model output table of model of synchronization (i.e. the proportion of minutes during a 74 

night that both dyad members exhibit the same behavior, either sleep or wakefulness) with response 75 

variable standardized of the response variable 76 

 77 

  Proportion of minutes synchronized 

Predictors Estimates CI (95%) 

Intercept 0.73 0.71 – 0.74 

Occupying same tree 0.03 0.02 – 0.03 

Random Effects 

σ2 0.00 

τ00 dy_name 0.00 

τ00 night 0.00 
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τ00 tag1 0.00 

τ00 tag2 0.00 

ICC 0.45 

N night 34 

N tag1 22 

N tag2 22 

N dy_name 250 

Observations 2997 

Marginal R2 / Conditional R2 0.050 / 0.404 

Table S11. Model output table of model of synchronization (i.e. the proportion of minutes during a 78 

night that both dyad members exhibit the same behavior, either sleep or wakefulness) without 79 

standardization of the response variable 80 

 81 

 82 

Figure S9. A toy example of the procedure we used to test for sentinel behavior and synchronization 83 

of nighttime behavior. Each row represents a baboon’s time-series of sleep and wake activity during 84 

the night, with black vertical lines indicating periods of nocturnal waking behavior. Colors correspond 85 

to different nights, and the transparency of the color indicates the timing of night, with reference to 86 

the empirical, unshifted data. The time shifting procedure was repeated 1000 times to generate a null 87 

distribution for the proportion of minutes in which at least one individual is awake during the night 88 

and the mean proportion of the group exhibiting synchronized behavior.  89 
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 90 

 91 

Figure S10. A) A toy example of the procedure alternative to the one presented in the main text (and 92 

represented in Figure S9) that we used to confirm findings concerning sentinel behavior and 93 

synchronization of nighttime behavior that we derived from the procedure presented in the main text. 94 

Each row represents a baboon’s time-series of sleep and wake activity during the night, with black 95 

vertical lines indicating periods of nocturnal waking behavior. Colors correspond to different nights, 96 

with reference to the empirical, unpermuted data, and the transparency of the color indicates the 97 

timing of night. The night permutation procedure was repeated 1000 times to generate a null 98 

distribution for the proportion of minutes in which at least one individual is awake during the night 99 

and the mean proportion of the group exhibiting synchronized behavior. B) Comparison of the 100 

empirical proportion of minutes in which at least one individual is awake (red dotted line) to its null 101 

distribution (grey density plot; p < 0.0001). C) Comparison of the empirical mean of the proportion of 102 

the group exhibiting synchronized behavior (red dotted line) to its null distribution (grey density plot; 103 

p < 0.0001). This method of permutation controls for the possibility that baboons are synchronized in 104 

their behavior simply as a result of species-typical nocturnal waking patterns that are consistent across 105 

baboons and across nights. 106 

 107 

Sleep validation study 108 

 109 

To evaluate whether the accelerometer-based sleep classification technique was accurately 110 

monitoring sleep in baboons, we returned to Mpala Research Centre in July 2019 to perform a 111 

validation study in which we compared the results of the accelerometer-based sleep classification to 112 

direct observations of awake and sleeping baboons. Using the procedures described in Strandburg-113 

Peshkin et al., 2015, we trapped and anesthetized 27 members of a group of habituated olive baboons, 114 

fitting each with a GPS and accelerometry collar. Eleven of the 27 collars deployed recorded 115 

continuous tri-axial accelerations at 12 Hz/axis from 06:30 to 18:00 and 0.71-second bursts of 116 
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accelerations at 56.2 Hz/axis at the beginning of every minute from 18:00 to 06:30. Accelerometry 117 

data was collected by each of these 11 collars for up to 31 days. The remaining 16 collars did not 118 

collect accelerometry data from 06:30 to 18:00, and thus we excluded data from these collars from the 119 

validation study. 120 

We down-sampled and interpolated the accelerometry data such that it matched the sampling 121 

frequency and schedule of the data collected in 2012 (i.e. the data analyzed for this manuscript). We 122 

then applied the sleep classification algorithm described in the Materials and Methods to this 123 

validation dataset. 124 

To validate the sleep classification algorithm, we performed direct behavioral observations of 125 

the baboons at their primary sleep site. We recorded the behavior of the study baboons starting when 126 

they approached their sleep site using a FLIR T1020 high-resolution infrared camera (FLIR Systems 127 

Inc., Wilsonville, OR, USA). Recordings continued into the night for as long as the camera battery 128 

allowed (average recording duration (range of recording durations): 7.4 hours (1.7 – 14.9 hours)), and 129 

we collected thermal imaging data on 21 nights. We identified individuals in the thermal imagery both 130 

in real-time, via observer narration of the recorded imagery, and post-recording, by matching 131 

movements of individuals in the thermal imagery to the GPS tracks of collared individuals. 132 

Following initial data collection, we used the commercial software Loopy (Loopbio GmbH, 133 

Austria) to score the behavior of identified individuals in the thermal imagery. Individuals’ behavior 134 

was scored as “wakefulness”, “resting wakefulness”, or “sleep”. Wakefulness refers to any behavior 135 

involving active movement (i.e. walking, running) or engaged activity (i.e. allogrooming), whereas 136 

resting wakefulness refers to behaviors that are dormant (i.e. sitting), but not in the typical sleeping 137 

posture of a baboon (sitting or lying with neck relaxed and head hung). Sustained dormant behavior in 138 

the typical sleep posture was considered sleep. Video scoring resulted in a total of 8.0 hours of 139 

behavioral observation across a total of 16 individual baboons.  140 

Synchronizing the thermal imagery data with the accelerometry data produced a validation 141 

dataset of 294 minute-epochs across six baboons that were both classified as either sleep or wakeful 142 

behavior from accelerometry, and scored as wakefulness, resting wakefulness, or sleep from direct 143 

observation. With both wakefulness and resting wakefulness representing wakeful behavior, the 144 

accelerometer-based sleep classification exhibited an accuracy of 79.9% (Table S12). Consistent with 145 

previous validation studies of the use of accelerometry in measuring sleep (Ancoli-Israel et al., 2003; 146 

de Souza et al., 2003), we found that accelerometer-based sleep classification has difficulty 147 

distinguishing resting wakefulness from sleep, and we consider this limitation in our interpretation of 148 

the results. 149 

 150 

 151 

 

Behavioral scoring 

Awake Asleep 

Wakefulness 
Resting 

wakefulness 
Sleep 

Accelerometer-

based sleep 

classification 

Awake 30 85 19 

Asleep 0 40 120 

Table S12. Confusion matrix reporting the results of the validation study. Table entries represent the 152 

number of minute-epochs classified according to the accelerometer-based technique and direct 153 

behavioral observation. 154 
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