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Group size effects on inter-
blink interval as an indicator of 
antipredator vigilance in wild 
baboons
Akiko Matsumoto-Oda1,2,3, Kohei Okamoto4, Kenta Takahashi5 & Hideki Ohira3

Vigilance in animals is an important means for predator detection. Animals living in groups reduce their 
predation risk as more individuals are present. In contrast to most other animals studied, many studies 
on primates do not support the prediction that individual vigilance will decline as group size increases. 
For animals to obtain visual information during vigilance behaviour, their eyes must be open. Therefore, 
if animals are able to perceive differential risk of predation, the inter-blink interval (eye-opening) should 
increase, and the blink duration (eye-closure) should decrease under higher predation risk. We tested 
this prediction by measuring inter-blink interval in wild anubis baboons (Papio anubis) in peripheral and 
centre individuals within a group, and between larger and smaller groups. We found that the inter-blink 
interval for young males, often located at the front edge of the group, was longer than that of adult 
males, adult females, and young females, often located in the center of the group, and that the inter-
blink interval for adult males was longer when the group was smaller. These results suggest that inter-
blink interval can be used as an indicator of primate vigilance toward predators.

Predation is one of the most important selective pressures for animal behaviours1 and group-living is widespread 
among most taxa of the animal kingdom including mammals, birds, fishes and insects2. Therefore, the relation-
ship between benefits of anti-predation and group-living is a central issue in behavioural ecology. It has been well 
documented that forming a group provides anti-predatory advantages3–7. This group size effect on vigilance is 
often explained by the group-vigilance hypothesis7 (also called the “many-eyes effect”8 or “collective detection”9) 
and risk-dilution hypothesis4.

The group-vigilance hypothesis predicts that the gregariousness of individual animals has a cumulative effect 
on vigilance and increases the possibility of predator detection earlier. Whether predators succeed in hunting 
depends on whether surprise attacks succeed5,7, and prey animals must constantly monitor potential threats. 
Vigilance has been defined as an animal visually scanning the surrounding environment and is often thought of 
as a behaviour targeting predators10. In addition, individual animals belonging to a large group do not have to be 
vigilant for the same amount of time as when they live in a small group. Such individual animals also have advan-
tage that they can distribute more of their time to other activities, such as foraging, without reducing the total 
amount of group vigilance, depending on their group’s members7,11–13. A decrease of individual vigilance efforts 
associated with an increase in group size is widely reported in mammals and birds14,15.

Many studies on non-human primates, however, have not supported the group-vigilance hypothesis16. In the 
studies of non-human primates until 2000, 9 of 11 studies showed no group size effect16. The latest review on 
the group size effect between vigilance and group (including subgroup) in non-human primates reported that 
6 of 15 studies had no effect, 3 showed a positive effect and 6 showed a negative effect17. In addition, one recent 
study reported that the group sizes in vervet monkeys (Chlorocebus pygerythrus) did not show any substantial 
relationship with the access/encounter rate with leopards18. The above two reviews pointed out the possibility that 
the diversity of results in primates might come from fundamental differences in the method adopted16,17. Due to 
body structure, many vertebrates must bring their mouths close to food during feeding, meaning that vigilance 

1Graduate School of Tourism Sciences, University of the Ryukyus, Okinawa, Japan. 2Mpala Research Centre, Nanyuki, 
Kenya. 3Graduate School of Informatics, Nagoya University, Nagoya, Japan. 4Faculty of Science, University of the 
Ryukyus, Okinawa, Japan. 5Win-K Corporation, Tokyo, Japan. Correspondence and requests for materials should be 
addressed to A.M.-O. (email: a_matsu@tm.u-ryukyu.ac.jp)

Received: 12 March 2018

Accepted: 18 June 2018

Published: xx xx xxxx

OPEN

mailto:a_matsu@tm.u-ryukyu.ac.jp


www.nature.com/scientificreports/

2SCIeNTIFIC RepoRts |  (2018) 8:10062  | DOI:10.1038/s41598-018-28174-7

during feeding is difficult. Therefore, vigilance is marked by an individual lifting its head away from the ground 
and paying attention to its surroundings, either with or without a scan of environment, in studies of artidactyls 
and birds19. Contrastingly, primates can convey food to their mouths using their hands, and head lifting is a poor 
marker of measuring vigilance. Hence, previous studies on primates used various definitions of vigilance behav-
iours, such as the frequency of the focal animal’s head movement20, angle of the animal’s head21, the duration or 
frequency of the scan22, or a line of sight outside the reach of arm23 and combinations thereof 24. Previous results 
in primates were based on different methods and cannot be compared collectively. This suggests it is necessary to 
develop indicators of vigilance behaviours that can be used on both primates and other mammals.

Blinking and the inter-blink interval is a possible indicator of vigilance for predators. For animals to obtain 
visual information during vigilance behaviour, their eyes must be open. Although blinking is necessary to prevent 
drying of the eyes and to protect the eyes from foreign body damage25, animals are not able to access visual infor-
mation while blinking because the eyelids temporarily block visual information. Blinking behaviour has been 
studied in humans but has not been extensively studied in other animals. One study of nonhuman primates26 
and two studies of birds27,28 examined the relationship between blinking and potential danger. The study of 
non-human primates in zoos compared the blink rate among 71 species, showed that the blink rate was not affect 
by habitat types (arboreal, semiarboreal, terrestrial) but increased as average group size increased26. Although the 
study was concluded that the blink rates acquired a role in social communication, inter-species examination on 
blink rate and group size still remains. Wild American crows (Corvus brachyrhynchos) reduced blink rates to fix 
their gaze on a possible danger27. Adult male peacocks (Pavo cristatus) shortened blinking after a predator was 
revealed28. These studies suggest that animals suppress blinking in alert situations and acquire more information 
by opening their eyes for a longer time. Collectively, to minimize loss of information, blinks need to be strategi-
cally adjusted.

The blink rate depends on the situation animals are placed in. The default mode network of the brain adjusts 
blinking timing in both non-human primates29 and humans30. Non-human primates blink half as much as 
humans, with 71 species of non-human primates blinking an average of 10.9 times per minute26. In gorillas 
(Gorilla gorilla gorilla), which blink more frequently than other non-human primates, the duration of blinking 
is 335 ms and blinking occurs 29.4 times/minute26. Therefore, it can be calculated that the eyes are closed 16.4% 
of the time. In humans, blinking changes with cognitive tasks demanding attention and concentration. Blinking 
tended to increase as time spent on tasks increased31 and decreased during engagement in difficult tasks32. Most 
wild primates inhabit environments with high predation risk. Detecting a predator is a difficult task, and if the 
predation risk is high, primates are likely to suppress the number and duration of blinks and to extend the dura-
tion of open-eye periods.

In this study, we tested two predictions in a group of wild anubis baboons (Papio anubis): (1) between periph-
eral and centre individuals and (2) between larger and smaller groups. Assuming that a predator chooses the 
nearest individual as prey, the degree of risk varies depending on a spatial position in a group, for example, 
whether an individual is at the periphery or at the centre of a group. Because individuals in the periphery are 
more at risk of predation than individuals in the centre33–35, individuals in the periphery are expected to have an 
extended duration of open-eye periods and a decrease the number and duration of blinks. Also, according to the 
group vigilance hypothesis, it is predicted that individuals belonging to a small group are riskier than individuals 
of a large group and are expected to have increased vigilance. Six species of large carnivores live in the same hab-
itat with the subject baboon group36. We recorded videos of adult males in 2013, and adult males, young males, 
adult females and young females in 2016 (Table 1). To measure open-eye periods, we quantified blink duration 
and inter-blink interval, defined as the period during which the eyelids hid the pupil37 and that during which the 
eyelids did not hide the pupil, respectively (Fig. 1). The group size of baboons decreased from 72 in 2013 to 53 in 
2016 because of ordinary males’ transfer and disappearance of infants and old individuals.

Results
Age-sex classes, and the duration of inter-blink and blink periods. In 2016, the inter-blink inter-
val of males was longer than that of females (Fig. 2). This difference in sex was significant (ART-ANOVA, F(1, 
16) = 12.37, p = 0.003). Moreover, the inter-blink interval of young individuals was significantly longer than that 
of old individuals (age: F(1, 16) = 6.77, p = 0.019). There was no significant fixed effect of age and interaction 
effect between age and sex (F(1, 16) = 0.97, p = 0.339). Post hoc analyses indicated that young males opened 
their eyes for longer periods than other age/sex classes (contrast test, young male vs. adult male: mean differ-
ence ± se = −88.83 ± 24.87, p = 0.012; young male vs. adult female: −158.52 ± 40.47, p = 0.001; young male vs. 
young female: −126.03 ± 37.60, p = 0.019). No significant difference was found among the other age/sex classes 
(adult male vs. adult female: −69.69 ± 39.93, p = 0.334; adult male vs. young female: −37.20 ± 37.02, p = 0.749; 
adult female vs. young female: −32.49 ± 48.89, p = 0.909).

Young males tended to be in front of the study group with respect to the direction of travel. For example, when 
the group crossed a river, the first 20% included more young males (mean ± sd = 1.88 ± 1.15) than expected 
(1.19 ± 0.25) based on their representation in the group (Exact Wilcoxon signed-rank test, n = 24, V = 65.6, 
p = 0.014).

There were no significant differences in the blink duration between age classes (F(1, 16) = 1.03, p = 0.325) or 
between sexes (F(1, 16) < 0.01, p = 0.942), and no significant interaction among these variables (F(1, 16) = 0.55, 
p = 0.467) (Fig. 2).

Group size, and the duration of inter-blink and blink periods. The group size was smaller in 
2016. Inter-blink interval of adult males was significantly longer in 2016 (median = 220.00) compared to 2013 
(median = 117.00) (F(1, 8) = 28.45, p < 0.001) (Fig. 3). In both years of 2013 and 2016, the AI group contained the 
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same two adult males, BT and TA. Focusing on the inter-blink interval of individual adult males, the inter-blink 
interval of both BT and TA were found to be longer in 2016 from 2013 (Fig. 4).

The blink duration did not differ between 2013 and 2016 (F(1, 8) = 0.21, p = 0.65) (Fig. 3). The blink duration 
of BT and TA did not seem to be different between 2013 and 2016 (Fig. 4).

Discussion
The inter-blink interval of young males was longer than those of other age-sex classes in the AI group. Two factors 
may explain the longer inter-blink interval observed among young males. The first is vigilance for predation. It is 
likely that the relatively dangerous spatial position of young males within the group increased vigilance for pre-
dation4,38. Studies on the spatial position of primates are usually difficult because animals move in three dimen-
sions. However, to summarize some previous studies on spatial position in yellow baboons (P. cynocephalus) 
and chacma baboons (P. ursinus), females with infants tended to locate at the middle of group39,40, high-ranking 
adult males were with the nursing females, young males were at the front of travel direction41,42 and old males fell 

Period (group size) Sex∙age*1

Median of 
IBI range 
(0.01 sec)

Median of 
BD range 
(0.01 sec)

The number 
of individuals 
in AI group

The number 
of individuals 
analysed

The number 
of IBI

The number 
of BD

The number of 
IBI per individual 
(Weighted 
average ± SD)

The number of 
BD per individual 
(Weighted 
average ± SD)

Sep-Oct, 2013 (72 heads) ♂ ∙ Adult 113.00
4.00–1380.00

13.00
3.00–397.00 12 9 193 229 213.68 ± 66.79 22.69 ± 7.58

Sep-Oct, 2016 (53 heads)

♂ ∙ Adult 220.00
3.00–5154.00

13.00
3.00–278.00 4 4 418 448 464.07 ± 66.81 21.68 ± 8.72

♂ ∙ Young 373.00
3.00–5906.00

13.00
3.00–316.00 9 8 363 390 674.91 ± 233.52 21.68 ± 8.72

♀ ∙ Adult 151.50
7.00–3634.00

13.00
3.00–213.00 13 6 92 100 270.08 ± 56.90 16.10 ± 4.19

♀ ∙ Young 183.00
6.00–3137.00

14.00
3.00–286.00 3 2 111 116 357.81 ± 15.05 19.13 ± 3.5

Table 1. Summary of the number of individuals, inter-blink interval (IBI) and blink duration (BD). *1: The 
age classes for each sex are defined according to the previous studies of anubis baboons. Males’ age-classes were 
judged based on apparent weight, the sizes of canines and testicles, and immigrational history56,57. ‘Adult males’ are 
defined as over 8 years old when completely erupted and are reproductive mature. ‘Young males’ are 4–8 years old. 
Females are considered ‘adults’ after their first pregnancy, and ‘young’ after the first sexual swelling experience. The 
first birth by females averaged at 6.9 years old, and the first sexual swelling averaged 4.8 years old58.

Figure 1. Definition of inter-blink interval (IBI) and blink duration (BD). Blink duration was defined as 
a period during which the eyelids hid the pupil37. Inter-blink interval was defined as time except for blink 
duration. Blink duration and inter-blink interval were measured by the Movie maker in 1/100 second.
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behind43 (Fig. 5). In this study also, young males tended to be at front of the direction of the group. Individuals at 
the edge of a group may be at greater risk of predation than those in the middle. Buss39 suggested that lionesses at 
Moremi, Botswana, may anticipate the movement of chacma baboon groups and wait in ambush for baboons to 
approach because baboons were attacked seven times from the front of the group and one time from behind. In 
that case, young males are more likely to be chosen as prey. Therefore, they must be more vigilant than individuals 

Figure 2. Age and sex classes and the duration of inter-blink interval (IBI) and blink duration (BD) periods. 
(A) Young males showed longer inter-blink interval than those of other three classes. (B) There was no 
difference in blinking duration between four age-sex classes. Thick horizontal lines show the medians, boxes 
show the inter-quartile range (IQR), and whiskers show 1.5 times the IQR. Abbreviations: Y♂, Young male; A ♂, 
Adult male; Y♀, Young female; A♀, Adult female. *p < 0.05 and **p < 0.01, tested by lsmeans using “lsemans” 
package.

Figure 3. Group size, and the inter-blink interval (IBI) and blink duration (BD). The size of a wild anubis 
baboon group, AI, was larger in 2013 than in 2016. (A) Adult males in 2016 showed longer inter-blink interval 
than that of in 2013. (B) There was no difference in blinking duration between adult males in 2013 and in 2016. 
Thick horizontal lines show the medians, boxes show the inter-quartile range (IQR), and whiskers show 1.5 
times the IQR. **p < , tested by lsmeans using “lsemans” package.
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located in the middle place. Furthermore, it is reasonable for young males to be more vigilant if predators may be 
less likely to target vigilant individuals44,45.

The second possible factor of the longer inter-blink duration in young males is vigilance for attacks from 
other group members. However, indirect evidence from other studies suggests that this possibility is less likely. In 
anubis baboons at Gombe in Tanzania46, males were injured more than females and males over 9 years old were 
the most often injured. Similarly, in yellow baboons, adult males were injured in attacks more often than subadult 
males47. Since we found that inter-blink duration was increased only among young males, it seems unlikely that 

Figure 4. Group size, and the inter-blink interval (IBI) and blink duration (BD) of individual adult males. (A) 
Weighted average value of the inter-blink interval of 9 adult males in 2013 and of 4 adult males in 2016. (B) 
Weighted average value of the blink duration of 9 adult males in 2013 and of 4 adult males in 2016. The whiskers 
show standard deviation of the weighted average value of adult males. The white circles indicate weighted 
average values of individual males. Two males, BT and TA, belonged to the AI group in both 2013 and 2016. The 
red and yellow circles indicate the weighted average values of BT and TA, respectively.

Figure 5. Conceptual diagram of spatial position in a group of baboons. There were tendencies that mothers 
and infants were at the center of the group39,40. Males were at the periphery than females, and young males 
tended to be forward in the direction of travel and older males were at the most peripheral position41–43.
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vigilance is intended to protect against attacks within the group. However, since the basis for this conclusion is 
still insufficient, the relationship between age and inter-blink duration will be elucidated in the future.

The inter-blink interval of adult males in the small group was longer than that in the large group, which sup-
ports the group vigilance hypothesis. Previous studies in non-human primates, that showed the negative effects 
between group size and vigilance, compared the vigilance rates among different groups48–52. Moreover, these stud-
ies compared the group size based on the number of females because the groups included only 1 or 2 males49–51 
or no male52. Therefore, this is the first study that analysed the relationship between population size/number of 
males and vigilance duration in the same group. However, in our study, group size and number of adult males 
both decreased, so we could not independently assess these two variables. In one study, among four groups of 

Figure 6. Distribution of inter-blink interval (IBI) and blink duration (BD). Left column: Histograms showing 
the distribution of inter-blink interval. Right column: Histograms showing the distribution of blink duration. 
The top 4 rows represent the data of 4 age-sex classes in 2016 and the bottom row represents the data of adult 
male in 2013. See also Table 1.
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Cebus capucinus, there was a negative correlation between the number of males in the group and average vigilance 
rate, but the overall average vigilance rate of each group was not related to group size53. Future studies should 
clarify whether vigilance depends on group size or number of males by comparing inter-blink interval for adult 
males and other age/sex classes. Also, it may be necessary to compare inter-blink interval in the same individuals 
included in different sized groups. Although there were only 2 adult males belonging to both groups of the two 
years and the data size was small in this study, it is notable that the inter-blink interval of the two adult males 
showed the same tendency of becoming longer as group size decreased in 2016. There is room for further investi-
gation whether inter-blink interval can be adopted as an indicator of vigilance in other species.

We found that blink duration was insensitive to age, sex or group size. On the one hand, blinking is necessary 
to prevent the cornea from drying out, and to evenly distribute tears. On the other hand, visual information is 
blocked during blinking, meaning that danger may not be detected. The optimal blink duration thus might be 
determined by a trade-off between physiological needs and predator detection. In the wild, delayed predator 
detection may be costly to survival; therefore, natural selection is expected to favour short blink duration. The 
predation pressure suffered by the baboons of AI group corresponded to three individuals being killed in a group 
of 50 individuals every year, and the median blink duration of the baboons in this habitat was 0.13 seconds. This 
value is shorter than the average blink duration in 71 species of non-human primates in zoos (0.21 seconds)26 
and in modern humans (0.3 seconds), who are presumed to have very low predation pressure. Such a short blink 
duration would be more effective to quickly detect predators and escape. For example, mallard ducks, which keep 
one eye open during sleep, initiate escape behaviour within only 0.17 seconds of exposure to videos of attacking 
predators54,55. This value was close to the observed blink duration in the AI baboon population.

Finally, as this study shows, non-human primate studies that employed head turning as a marker of vigi-
lance behaviour have not found any correlation between group size and vigilance behaviour, as have studies in 
other animals. However, utilizing the duration of open-eye time as a marker of vigilance behaviour, we iden-
tified a group size effect on vigilance behaviour in anubis baboons. To clarify the causal relationship between 
the duration of eye opening (and the duration of blinking) and the detection of danger, as has been studied in 
humans, it is necessary to know the relationship between blinking and animal concentration and the relationship 
between blinking and incorporation of new information into the brain. Further studies of blinking function on 
non-human primates and other mammals are necessary.

Methods
Study site and subjects. The analyses focused on wild anubis baboons, the AI group, in Mpala on the 
Laikipia Plateau of central Kenya (0.17°N, 36.53°E). The AI group has been habituated since 2011 by AMO. We 
conducted two periods of field research on the AI group; September-October 2013 and August-September 2016.

Anubis baboons live in multi-male/multi-female social groups, and males transfer between groups after 
reaching sexual maturity. ‘Adult males’ are defined as over 8 years old and completely grown and reproductive 
mature56,57. ‘Young males (or adolescents)’ are 4–8 years old. The ages of transferred males were unknown, and 
the ages of natal males were also unknown except for individuals who were born after the habituation started. 
Therefore, males’ age-classes were judged based on apparent weight, sizes of canines and testicles and immi-
grational history. Females are considered ‘adults’ after their first birth, and ‘young (or adolescent)’ after the first 
sexual swelling experience. The first birth by females was around at 6–7 years old, and the first sexual swelling was 
around at 4–5 years old58. Females’ age-classes were also judged based on apparent body size, nipple length and 
size of sexual swelling.

The group size of the AI in 2013 was larger than that in 2016 (Table 1). The number of adult males also 
decreased from 11 to 4 during this time and 2 adult males were in the group in both years. The decrease in the 
size of the AI group was brought about by the usual individual disappearance (mainly males transfer and disap-
pearance of old individuals). The predation rate was calculated as the sum of following three items: (a) number 
of owners of carcasses or remains; (b) number of individuals disappearing during the night and direct predator 
information (voice or observation) in the morning and evening and indirect predator information (GPS location 
of leopard and baboon) and (c) number of healthy females and immature individuals disappearing during the day 
time. Predation rate on the AI group during 2011–2016 was estimated at 0.06 individuals/year.

The focal targets were adult males in 2013, and adult males, young males and adult females in 2016. Videos of 
the individual faces were recorded with a Sony HDW-750 camera (30 fps, 21.1 megapixels) or a Sony DSC-HX 
60 V (60 fps, 21.1 megapixels) camera. Both the study periods were within the short dry season, and we took 
video clips near their sleeping sites on morning of sunny days. The focal targets sat and watch the environment, 
and they were not engaged in other activities, such as feeding or self-grooming. Although previous zoo studies of 
blink duration in primates have used videos of more than 5 minutes duration26, it was impossible in the wild to 
take videos of faces for more than 5 minutes because animals moved or changed head angle. Therefore, we unre-
stricted the duration of the video clips.

Blink duration was defined as the time that the eyelid completely concealed the pupil (Fig. 1). The inter-blink 
interval was defined as time other than the blink duration. The inter-blink interval and the blink duration were 
analysed in 0.01-second segments using Movie Maker software. Blinking tend to link with head movement26. 
Accordingly, blinking with head movement was not included in our data because the moment of blinking cannot 
be confirmed on a video clip even with a slight head angle change. Moreover, blinking with yawning were also 
excluded from the analyses. Inter-blink interval and blink duration were measured on computers twice by two 
persons.

To understand an animal’s spatial position in the group, we recorded the animal’s order of travel as they 
crossed the river. In operation, we defined the first 20% of animals as animals in the forward position.
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Ethics Committee. The field research in Kenya was approval from the Kenya governmental agencies National 
Council for Science and Technology (permit No. NCST/PRI/12/1/BS/240), National Commission for Science, 
Technology & Innovation (NACOSTI/P16/84320/12475), and Kenya Wildlife Service (KWS/BRM/5001).

Statistical analyses. All analyses were performed using R software (version 3. 3. 3)59. As the data were 
not normally distributed (Fig. 6), we employed a repeated measures ANOVA of aligned rank transformed data 
(ART-ANOVA) with individual as an error term, using the “ARTool” package60 and conducted a post hoc pair-
wise comparison using the “lsmeans” package61 with the Tukey’s test for multiple comparisons. We performed an 
exact Wilcoxon matched-pairs signed-rank test to compare expected and actual numbers of young males in the 
front of the group during the river crossing using the “exactRankTests” package in R.

Data availability. The datasets generated during and/or analysed during the current study are available from 
the corresponding author on request.
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