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Table 1: Sample size for immature and adult male orphans and non-orphans in each of the 4 study 910 

communities.  911 

Community Age class Orphan status N. individuals N. samples Age range (years) 

Taï East 

Immatures 
non-orphans 9* 113 3.8 – 11.9 

orphans 10* 254 4.1 – 11.9 

Adult males 
non-orphans 4 456 13.8 – 40.7 

orphans 3 354 12.3 – 19.8 

Taï Middle 

Immatures 
non-orphans    

orphans    

Adult males 
non-orphans 3 17 17.2 – 33.7 

orphans    

Taï North 

Immatures 
non-orphans 11 168 3.0 – 12.0 

orphans 2 7 10.5 – 11.3 

Adult males 
non-orphans 3 95 12.3 – 20.8 

orphans 2 61 12.1 – 20.4 

Taï South 

Immatures 
non-orphans 17* 173 2.8 – 11.9 

orphans 5* 134 4.1– 11.9 

Adult males 
non-orphans 7 858 12.1 – 45.3 

orphans 6 343 12.1 – 21.9 

  912 

* 50 immature individuals were included in this study but two immatures in Taï East and two immatures 913 
in Taï South were sampled before and after their mother died (i.e. they are counted twice in the table, once 914 
as an orphan and once as a non-orphan). 6 males were included in the study as both mature and immature 915 
individuals.   916 

 917 

 918 

 919 

 920 

 921 

 922 

 923 

 924 
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Table 2: Results of Model 1a and 1 b 926 

SE indicates the standard error of the estimate for each predictor. The coded level for each categorical 927 

predictor is indicated in parentheses. Control predictors are italicized. Significant p-value (p<0.05) are 928 

indicated in bold. CIlow and CIhigh indicate the lower and upper limits of the 95% confidence interval for the 929 

estimates of each predictor.  930 

For Model 1a the full-null model comparison was only a trend (χ2= 6.67, df=3, P=0.083) but since it was 931 

close to the arbitrary significant level of 0.05 we nevertheless present the results of the single predictors 932 

in the table. The detailed results of model 2a and 2b are not presented since the full-null model comparison 933 

was not significant (both P> 0.4). 934 

 935 

Model Response Predictor Estimate SE CIlow CIhigh χ2 P 

1a 
Log urinary cortisol 

levels (ng/ml SG) 

Intercept 3.70 0.20 3.31 4.09   

Time of the day ^2 -0.01 0.03 -0.07 0.04 0.24 0.623 

Time of the day -0.38 0.04 -0.45 -0.31   

Orphan (yes) -0.08 0.12 -0.33 0.18   

Sex Ratio 0.05 0.06 -0.05 0.17 0.83 0.362 

Community Size -0.15 0.06 -0.25 -0.04 6.08 0.014 

Sex (male) -0.29 0.21 -0.73 0.11 1.83 0.176 

Age -0.06 0.07 -0.21 0.08 0.72 0.397 

LCMS method (old) 0.01 0.28 -0.52 0.56 0.00 0.969 

Sin(seasonDate) -0.07 0.03 -0.15 0.00 
5.05 0.080 

Cos(seasonDate) 0.02 0.04 -0.05 0.09 

Orphan (yes) : Time of the day -0.14 0.05 -0.24 -0.02 5.81 0.016 
  

 

      

 

 

 

 

 

1b 

 

 

 

 

 

Log urinary cortisol 

levels (ng/ml SG) 

Intercept 3.54 0.17 3.19 3.90   

Years since maternal loss -0.23 0.09 -0.44 -0.02 4.31 0.038 

Age when mother died -0.02 0.16 -0.66 -0.15   

Time of the day -0.40 0.12 -0.34 0.31   

Time of the day^2 0.01 0.03 -0.07 0.07   

Sex ratio -0.05 0.06 -0.17 0.07 0.73 0.392 

Community size -0.05 0.06 -0.17 0.07 0.74 0.391 

Sex (Male) 0.13 0.23 -0.35 0.58 0.30 0.587 

LCMS (old) 0.09 0.25 -0.42 0.58 0.10 0.756 

sin(seasonDate) 0.03 0.05 -0.07 0.13 
0.57 0.751 

cos(seasonDate) 0.03 0.05 -0.07 0.12 

Age when mother died : Time of the 

day 
-0.01 0.06 -0.12 0.11 0.01 0.915 

Age when mother died : Time of the 

day^2 
-0.08 0.04 -0.16 -0.01 4.73 0.030 
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 936 

 937 

 938 

 939 

 940 

 941 

Figure 1: Effect of maternal loss on daily urinary cortisol level variations in immature chimpanzees. 942 

Orphans are depicted in blue triangles and non-orphans in black circles. The size of the dot is 943 

proportional to the sample size (e.g. the number of data points) contributing to each dot. The blue 944 

dotted line and black solid line depict the prediction lines from Model 1a for orphan and non-orphan 945 

respectively. Note that the full-null model comparison in Model 1a was not significant (P=0.083) so the 946 

model lines should be interpreted with caution.  947 

 948 

 949 

 950 
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 951 

 952 

Figure 2: Effect of time (in years) since being orphaned on the urinary cortisol levels of immature orphan 953 

chimpanzees. Each dot represents each individual each calendar year it has been sampled. The size of the 954 

dot is proportional to the sample size (number of urine sample collected) for that individual that year. The 955 

blue line indicates the model line (Model 1b).  956 

 957 
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959 

Figure 3: Effect of time (in years) since being orphaned on the urinary cortisol levels of immature orphan 960 

chimpanzees compared to age-matched non-orphan immatures. 961 

The mean ± se is depicted for orphans in blue triangles and for non-orphan in black circles. The non-orphan 962 

pattern indicates the mean urinary cortisol of non-orphan immature who fell into the age range of orphan 963 

immature who have been orphaned for less than a year, 1-2 years, 2-3 years, 3-4 years and 4-5 years 964 

respectively.  965 

 966 

 967 
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 968 

Figure 4: Effect of age at which immature orphans lost their mother on diurnal cortisol slopes.  969 

Each dot represents each individual each calendar year it has been sampled. The lines represent the model 970 

line predictions (Model 1b). The data points and model line prediction are depicted for immatures who 971 

have been orphaned before they were 5 years of age in orange squares, for immatures who have been 972 

orphan when they were between 5 and 8 years of age in blue circles, and for immatures who have been 973 

orphaned when they were older than 8 years of age in green triangles.  974 

 975 

 976 

 977 

.CC-BY-NC 4.0 International licenseavailable under a
(which 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 preprintthis version posted October 16, 2020. ; https://doi.org/10.1101/2020.10.15.340893doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.15.340893
http://creativecommons.org/licenses/by-nc/4.0/


 

 
43 

 

Supplementary material 978 

Data preparation  979 

The initial dataset comprised 4,604 samples (1,518 from immature individuals and 3,086 from 980 

mature males) from 46 female and 48 male immature individuals and 34 mature males. We applied 981 

a suite of selection criteria to subset our dataset to samples collected from individuals from whom 982 

all demographic and social data needed were available. We excluded all individuals for whom we 983 

could not assess if the mother died before they were 12 years of age or the age they were when 984 

their mother died. We also excluded samples for whom the cortisol concentration could not be 985 

measured or was excessively low (<0.1 ng/ml SG). We excluded samples with very low specific 986 

gravity (SG <1.003). Very low SG values are a sign of over diluted samples which reflect potential 987 

contamination with rain water and can, in turn, inflate cortisol concentration measurements. We 988 

also excluded samples collected from individuals on days when they displayed injuries or 989 

symptoms of sickness (as assessed by the on-site veterinary staff) since injury and sickness lead to 990 

extremely elevated cortisol levels in primates (e.g. Barton 1987; Muehlenbein & Watts 2010; 991 

Behringer et al. 2020). Finally, since a large part of our analysis focused on circadian cortisol 992 

variation, we excluded all samples for which we did not have a precise time of collection recorded. 993 

For the same reason, we limited our dataset for each individual to years when at least 3 samples 994 

were collected from this specific individual, and in years in which the earliest and the latest sample 995 

collections were separated in time by at least 6 hours. This criterion was applied in order to be able 996 

to calculate, in our statistical model, a meaningful circadian slope for each individual each year 997 

with time variation representing at least half of the active time of the chimpanzees (i.e. at least 6h 998 

out of 12h). The three samples could have been collected on different days but “time of sample 999 

collection” was used to define the 6 hour criteria. Following this selection process, we were left 1000 
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with 849 samples from 50 immatures (including 17 orphans) and 2184 samples from 28 mature 1001 

males (including 11 orphans).  1002 

 1003 

 1004 
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Table S1: List of orphan immatures in the study and information about the adoption by adult individuals 1019 

in the community.  1020 

Identity Sex Community Age when 

mother died 

(years) 

Adopted? * Duration of 

adoption * 

N. samples in 

the study 

Age when sampled 

for the study 

Beatrice F East 4.9 Yes > 3 years 38 5.3 – 8.6 

Emma F East 4.1 Yes > 2 years 17 4.1 – 6.1 

Eolos M East 3.9 Yes > 3 years 7 7.0 – 7.3 

Erasmus M East 8.7 Unknown  31 8.8 – 11.8 

Fatima F East 6.6 Unknown  8 7.8 – 10.1 

Gia F East 2.6 Yes 17 months 8 10.6 – 11.9 

Maimouna F East 4.7 No  20 6.7 – 8.9 

Quarantine F East 5.5 Yes > 2 years 4 7.6 – 7.9 

Richelieu M East 5.4 Unknown  64 10.7 – 11.8 

Willy M East 10.5 Unknown  57 10.5 – 11.9 
        

Baloo F South 3.8 yes 1 year 22 7.3 – 8.5 

Caramel M South 7.3 Unknown  4 8.7 – 9.3 

Mohan F South 4.1 Yes 1.5 year 34 4.1 – 6.5 

Oscar M South 4.7 Yes > 2 years 49 8.1 – 11.9 

Wala F South 4.9 Unknown  25 8.1 – 10.9 
        

Roxane F North 4.7 Unknown  4 10.5 – 11.3 

Volta F North 3.8 Unknown  3 10.7 – 10.7 

 1021 

*data taken from Samuni et al. 2019 1022 
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 1024 

 1025 
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