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RESUMO

Noutras espécies sociais que ndo a humana, as estratégias individuais de monitorizacao
de risco (i.e. vigilancia) e a capacidade de detetar e evitar estimulos ameacadores sdo moduladas
pelos co-especificos. Por um lado, a presenga de co-especificos resulta numa diminui¢do dos
recursos atencionais alocados pelo individuo a vigilancia, permitindo um maior investimento
noutras atividades (e.g., procura de alimento). Por outro lado, co-especificos expostos a uma
fonte de perigo, emitem pistas sensoriais (e.g., sons ou odores corporais) que alertam/preparam
o individuo para lidar com eventos ameacadores. Pretende-se, no presente trabalho, explorar o
papel direto (pela presenca) e indireto (através de odores corporais de medo) que 0s co-
especificos assumem ao modular estratégias individuais de vigilancia e dete¢do de ameaca na
espécie humana.

No primeiro estudo, investigou-se se 0s humanos usariam estratégias de vigilancia
semelhantes a outras espécies sociais. Com recurso a um paradigma que permite o estudo das
estratégias de vigilancia mediante a utilizacdo de um eye-tracker, demonstrou-se que a presenca
de co-especificos (vs. condicdo individual), tal como noutras espécies sociais, diminui 0s
recursos alocados a vigilancia, permitindo um investimento maior noutras atividades, embora
prejudicando a capacidade de detetar/evitar ameacas.

No segundo estudo foi investigado se, tal como noutras espécies, a reducao de vigilancia
poderia estar associada a um sentimento acrescido de seguranca despoletado pela presenca dos
outros. Os resultados obtidos parecem confirmar este efeito, na medida em que para um
individuo, imaginando-se na presenca de co-especificos (2 amigos ou 2 estranhos vs. sozinho),
era menor o sentimento de ameaga assim como a probabilidade percebida de sair magoado de
situacBes ambiguas de perigo.

O terceiro estudo centrou-se nos efeitos modulatérios de diferentes contextos de grupo
nas estratégias de vigilancia. Os resultados obtidos indicam que perceber co-especificos como
cooperadores ou competidores (vs. mera presenca) ndo modula, de forma distinta, o
comportamento de vigilancia. Sob a égide de literatura anterior, é possivel especular que o
efeito destes contextos de grupo podera ser observado tdo-somente perante situacfes em que
individuo e co-especificos presentes podem observar-se e interagir entre si.

No quarto estudo, que visou compreender de que forma a exposi¢éo a odores corporais
de medo poderia modular estratégias de vigilancia e a capacidade de detetar e evitar eventos
ameacadores, concluimos que esta pista sensorial (vs. odores corporais neutros e auséncia de
odores) ndo modula diretamente as estratégias de vigilancia, mas parece induzir um estado de
preparacdo/prontiddo nos seus recetores, levando-0s a detetar e reagir mais rapidamente a
eventos ameacadores.

O altimo estudo replica literatura anterior, demonstrando que a exposi¢do a odores
corporais de medo ativa mecanismos associados a um aumento da aquisi¢cdo sensorial.
Evidenciou-se ainda que amostras de suor podem ser reutilizadas ap6s uma primeira utilizacéo
de 20 minutos, permitindo especular sobre as propriedades de volatilidade das moléculas que
transportam informacéo associada ao medo.

Em conclusdo, os resultados obtidos nesta tese sugerem que co-especificos modulam,
direta e indiretamente, as estratégias individuais de vigilancia e detecdo de ameaca. Destaca-se
assim a importancia de varidveis sociais para o0 estudo e aprimoramento da monitorizagcdo do
risco nas sociedades contemporaneas.



ABSTRACT

In non-human social species, risk-monitoring strategies (i.e. vigilance) and an
individuals’ capacity to detect and avoid threat stimuli are modulated by conspecifics. On the
one hand, the presence of conspecifics results in a reduction of the attentional resources
allocated to vigilance, which allows higher investment in other activities (e.g., foraging). On
the other hand, conspecifics exposed to a source of danger release sensory cues (e.g., sounds or
body odors) that alert/prepare the individual to deal with a possible threatening event. The main
goal of the present thesis was to explore the direct (through their presence) and indirect (through
fear body odors) role of conspecifics in modulating the individual strategies of vigilance and
threat detection in human beings.

In the first study, we investigated whether humans use vigilance strategies similar to
other social species. Employing a paradigm designed to study vigilance using an eye-tracker,
we showed that the presence of conspecifics (vs. an alone condition) reduced the attentional
resources allocated to vigilance. As in other social species, this vigilance reduction allowed a
higher investment in other activities but impaired the participants’ capacity to detect and avoid
threatening events.

In the second study, following animal research, we investigated whether the vigilance
reduction observed in the first study might be associated with an increased safety feeling
triggered by conspecifics’ presence. The results seem to confirm this effect, showing that by
envisioning themselves in the presence of conspecifics (either two friends or two strangers vs.
alone) participants reduced their feelings of being threatened and their perceived probability of
being harmed in danger situations that are ambiguous.

In the third study, we explored if different group contexts modulate vigilance strategies.
The obtained data indicated that perceiving conspecifics as cooperators or competitors (vs. mere
presence) did not modulate vigilance behavior differently. Drawing on earlier literature, it is
possible to speculate that the role of these different group contexts governing vigilance emerges
only when conspecifics can observe and interact among them.

The fourth study focused on the role of being exposed to fear body odors in modulating
vigilance strategies and the capacity to detect and avoid threatening events. Our data showed
that fear body odors (vs. rest body odors or a blank) did not modulate vigilance per se but
triggered in receivers a preparedness/readiness state that allows them to detect and react quickly
to threatening events.

In the fifth study, we replicated previous literature evidencing that the exposure to fear
body odors triggers mechanisms associated with an increased sensory acquisition. We also
evidenced that samples of fear body odors can be re-used after a first use of 20 minutes. This
allowed us to speculate about the volatility of the molecules involved in carrying the fear-related
information.

In sum, the results obtained in the current thesis suggest that conspecifics modulate
directly and indirectly individuals’ vigilance strategies and threat detection. These findings
highlight the critical role of social variables in studying and improving risk-monitoring in
modern societies.
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Chapter I:

Introduction and Overview




Introduction

During ancient and modern times, exposure to harmful events has been a repeated
feature of animal life. As a result, strategies and mechanisms to efficiently avoid getting harmed
were and continue to be crucial for present-day survival and well-being. Human beings, as an
animal species, are no exception. Many physical and behavioral characteristics displayed by
humans are thought to be the result of several adaptations, sculpted by evolutionary pressures
(e.g., Seligman, 1971), that evolved to cope with different danger sources (e.g., predators,
noxious stimuli). Such adaptation seems to be still a pivotal part of our daily lives (e.g., Ohman
& Mineka, 2001). This becomes obvious when we consider that, despite living in modern
societies filled with mechanisms designed to increase and maintain our safety (e.g., solid
buildings, police, traffic rules, animal control), we are still continuously exposed to threatening
events in diverse contexts. Harmful animals (e.g., snakes; Kasturiratne et al., 2008),
irresponsible drivers, high toxic pollution, fragile financial markets, and aggressive
conspecifics constitute just a few examples of daily events threatening the individual and
collective and are best avoided (for a similar argument see Kameda & Tamura, 2007).

Notably, the first and paramount step to succeed in avoiding harmful events is the rapid
detection of cues indicating that a dangerous event is about to occur. In fact, as noted by Kameda
& Tamura (2007) and exemplified in Reason (1997) and Slovic (1987, 1999), this requires
constant and efficient monitoring. When monitoring fails, then the likelihood of an early
detection of dangerous events is considerably reduced and can lead to serious and often
irretrievable damage to an individual or groups of humans. Thus, identifying factors that could
impair or improve risk monitoring and help avoid threatening events constitutes an essential

research question that remains without clear answers.

Although very little is known about how risk monitoring is modulated in humans, some
speculation can be made if one considers findings from animal behavior research. In non-human
animals, the need to avoid dangerous events is considered to be the evolutionary base of vigilant
behavior (hereinafter referred to just as vigilance), which is considered a central mechanism for
danger avoidance across many animal species (for a detailed review see Beauchamp, 2015). In
animal research, vigilance has been defined and operationalized as the duration and frequency
of scanning the surrounding environment for danger (e.g., Beauchamp, 2008). Hence, in order
to stay safe and healthy, a wide range of animal species seem to constantly trade-off vigilance
activity with other homeostasis-relevant activities (e.g., foraging, mate searching, sleep) (see
Beauchamp, 2015). In other words, an increment in vigilance enhances the chances to avoid an

approaching danger at the cost of resources (i.e. time) that are relevant for other survival-
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relevant activities, such as foraging. Thus, the key to maintain homeostasis seems to be, at least
in part, developing strategies that maximize monitoring efficacy without neglecting other
relevant activities (e.g., intake activities) (e.g., Caraco, 1979; Lima, 1987). This was pivotal in
the evolutionary pathway of different species (e.g., Creel et al., 2014), and is central to
understanding risk monitoring. In solitary species, the aforementioned trade-off is
straightforward, being regulated individually (Bednekoff & Lima, 1998) and explained by
factors that directly compromise an individuals’ safety (e.g., the presence of predators). In other
words, vigilance levels in solitary species can be explained by considering only individual
variables (e.g., the threat-risk associated to each subject). However, when it comes to social
species, the adjustment of such trade-off becomes more intriguing, as it is also modulated by
variables such as the presence of conspecifics. In fact, vigilance research in animal herds has
shown that the mere presence of conspecifics can affect vigilance in different ways. For
instance, the presence of conspecifics can signal increased safety or increased danger, which
can lead to reducing or enhancing an individuals’ vigilance. Additionally, conspecifics can also
emit sensory cues (i.e. visual, auditory, mechanical, and/or olfactory signals), signaling the
presence of threat sources. These sensory signals can alert (i.e. enhancing vigilance) and prepare
(i.e., modulating danger avoidance responses) proximal individuals to deal with the presence
of dangerous stimuli (see Beauchamp, 2015). Hence, to study vigilance and danger avoidance
in social species, it is crucial to consider the group's many roles in modulating individual

behavior.

Humans are inherently social species and there is a wide range of documented
phenomena (e.g., conformity, Asch, 1956; emotional contagion, Hatfield et al., 1993; social
facilitation, Guerin, 1986; Triplett, 1898; Zajonc, 1965), especially social psychological
research showing that the direct (e.g., being in group vs. individual situations; Zajonc, 1965) or
the indirect (e.g., being exposed to sensorial cues such as emotional body odors; de Groot et al.,
2017) presence of others can strongly affect individual behavior. However, when the subject is
danger monitoring and avoidance in humans, then the role of conspecifics’ presence — with the
exception of a handful of observational studies (e.g., Barash, 1972; Dunbar et al., 2002; Wirtz
& Wawra, 1986) — seems to have been neglected, leaving behind a number of open questions.
For instance, to what extent do humans perform differently in a group compared to individual
situations when it comes to detect and avoid threatening events? Are humans capable of alerting
and influencing conspecifics to react to danger? If so, what are the different sensorial cues that
carry such information? Answering those questions could have tremendous practical

implications, constituting one of the first steps to understand and improve risk monitoring in
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the most varied contexts in modern society (e.g., air traffic controller situations, financial
monitoring, riot control, etc.). Thus, throughout this thesis, | intend to shed light on these issues.
My aim is to explore how human beings, in individual or group scenarios, trade-off their
attentional resources between vigilance and intake activities (i.e. foraging), and modulate the
capacity of nearby conspecifics, through emotional (fear) body odors (i.e. chemosignals), in
dealing with imminent threatening events. Although olfaction is not the sensorial modality that
immediately comes to mind, this medium of communication has been substantially overlooked
in research despite its potential role in monitoring danger and co-alerting others. It was selected
here due to its primordial role in passing on survival information (Huart et al., 2013; Pause,
2012; Strausfeld & Hildebrand, 1999). In fact, this chemical sensorial modality, widely
neglected regarding communication in human beings until recently (Parma et al., 2017), seems
to have clear advantages when threat detection and mutual warning are considered. For
instance, we are, even unconsciously, constantly sampling information of the surrounding
environment through olfaction (breathing never ceases as long as we are alive). This
information sampling is functional even when the other senses are blocked (i.e. volatiles can
carry information in the darkness, noisy environments, or even surpass some environmental
barriers; see Pause, 2017). Additionally, this form of communication is outside the control of
both the sender and the receiver and therefore operates automatically. Warning chemosignals
are released unintentionally when their sender is in a dangerous situation and processed
unconsciously by their receiver (Semin & Gomes, under review). Additionally, communication
through chemosignals sends out a message to the “herd”, or the collective, rather than to the
individual. That is, once a chemosignal is released, it is not directed to someone in particular
but becomes available to all individuals that can sample it. Chemosignals transmit their
information even to conspecifics that are not aware of its sender. Taking this into account,
olfaction constitutes a powerful yet subtle mean to communicate peril-relevant information,

having potential advantages for survival in social species.

In the following sections of this chapter, I first provide an overview of animal and human
research on the trade-off between vigilance and intake activities in group (compared to
individual) situations, as well as the recent research in human communication through
emotional (fear) chemosignals and their impact on vigilance and threat detection. | shall then
introduce our main goals and questions, moving to a brief overview of the issues addressed in
each of the following chapters. A description of the novel paradigm developed in our lab that
allows us to examine vigilance in human beings with the aid of eye-tracker technology is also

provided.



Vigilance: a danger avoidance behavior modulated by conspecifics’ presence

Vigilance behavior and its modulation by the presence of conspecifics constitute one of
the most studied phenomena in non-human animal species. In fact, the first published references
to it can be found more than 100 years ago in the work of prominent Victorian British naturalists
such as Henry Bates (1863), Thomas Belt (1874), and Francis Galton (1871, 1883). The latter,
Galton — better known for his very controversial work in eugenics (e.g., Gillham, 2001) — had
put forward one of the first descriptions of vigilance in social species. In his widely cited book
“Inquiries into human faculty and its development”, Galton (1883, pp. 51, 52), describing his
own observations of the Damara cattle’s behavior in contemporary Namibia’s savanna, wrote

(as quoted by Beauchamp, 2015, p. 1):

“...the cattle have to take care of themselves against the wild beasts, and they would
infallibly be destroyed by them if they had not safeguards of their own... When he is
alone it is not simply that he is too defenceless, but that he is easily surprised. ...cattle
are obliged in their ordinary course of life to spend a considerable part of the day with
their heads buried in the grass, where they can neither see nor smell what is about them.
A still larger part of their time must be spent in placid rumination, during which they
cannot possibly be on the alert. But a herd of such animals, when considered as a whole,
is always on the alert; at almost every moment some eyes, ears, and noses will command
all approaches, and the start or cry of alarm of a single beast is a signal to all his
companions. To live gregariously is to become a fibre in a vast sentient web
overspreading many acres; it is to become the possessor of faculties always awake, of
eyes that see in all directions, of ears and nostrils that explore a broad belt of air; it is
also to become the occupier of every bit of vantage ground whence the approach of a
wild beast might be overlooked. The protective senses of each individual who chooses
to live in companionship are multiplied by a large factor, and he thereby receives a

maximum of security at a minimum cost of restlessness.”

As | will further explore, although he did not explicitly use the word “vigilance” — firstly
employed by Cameron (1908) 25 years later — Galton had pointed out in his report the most

prominent factors governing risk monitoring (i.e. vigilance) in social species.

Similar to what was already mentioned in the previous section, Galton’s report
highlighted that monitoring the surrounding environment (i.e. being vigilant) is necessary for
the survival of many animal species. This monitoring activity relies on the animal’s different

sensorial modalities, which may be vision (e.g., Wallace et al., 2013) audition (e.g., Basile et
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al., 2009), vibrotactile (e.g., Castellanos & Barbosa, 2006), and olfaction (e.g., Blumstein et al.,
2008).

Galton’s reasoning then took into consideration the fact that vigilance is a costly activity
in terms of attentional and, more specifically, time resources. He then considered that vigilance
was not the only necessary activity for the animals’ survival. If animals allocate all their time
and resources to vigilance, they will certainly detect a higher percentage of threatening events
in their surroundings. However, they will also increase their chances of dying, for instance, by
starvation. Thus, a constant trade-off between vigilance and other homeostasis-relevant
activities, such as foraging for food, is a paramount component of animal life. Due to their
relevance to understanding risk monitoring, the drivers of such trade-off have constituted the
main subject of research regarding vigilance in non-human species (see Beauchamp, 2015).
From this research, it is possible to conclude that the time invested in vigilance appears to be
influenced by a multiplicity of intrinsic and extrinsic factors. Examples are energy demands
(e.g., Bednekoff & Woolfenden, 2003), availability of food resources (e.g., Beauchamp, 2014;
Krebs, 1974; Lazarus, 1978), environmental factors (e.g., light levels; Hilton et al., 1999), and
- obviously, as a danger avoidance tactic - perceived threat risk (e.g., the presence of predators;
Caraco et al., 1980a; Creel et al., 2014; Périquet et al., 2012). The latter is supposed to play one
of the most prominent roles in modulating vigilance (i.e. especially when anti-predator
vigilance is considered; Beauchamp, 2015). Hence, variables that affect the perception of threat

risk must have a strong influence on vigilance.

Indeed, as noted earlier on, in Galton’s report and confirmed by a considerable volume
of research — especially after the publication of the first mathematical model of anti-predator
vigilance by Pulliam (1973) — one of these crucial variables is the presence of conspecifics. In
social species (e.g., species that forage in groups) the presence of conspecifics appears to be, in
general, understood as a signal of lower threat-risk (i.e. safety). This can be explained by many
different hypothetical mechanisms. One of such mechanisms, not only described by Galton
(1883) in the aforementioned report but also noticed in the work about the behavior of bird
flocks by Bates (1863) and Belt (1874), is usually termed as the “many-eyes effect” (Caraco et
al., 1980b). This mechanism, central to many models predicting vigilance reduction when in
the presence of conspecifics, posits that the number of possible threat detectors is higher in
group situations. In the words of Galton (1883, p. 51), when an individual is in the presence of
conspecifics, then there is at “...every moment some eyes, ears, and noses...” monitoring the
surrounding environment. This multiplicity of possible threat detectors increases the probability

of detecting an approaching danger. Evidently, the many-eyes effect does not provide an
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increased safety without a related mechanism known as “collective detection” (also termed
“mutual warning”). As also described in the aforementioned Galton’s quote, when a possible
threat is detected, the threat detector can warn other group members for imminent danger. Thus,
in a group situation, an individual can detect a threat himself or rely on other group members
to warn him of an imminent dangerous encounter (e.g., Lima, 1990). Thus, both the many eyes-
effect and the consequent collective detection increase the individual probability to avoid
danger, allowing individuals to relax vigilance without compromising their safety.

Another competing hypothesis explaining the increment of safety in group situations is
“risk dilution”. Contrary to the previous ones, risk dilution is not related to faster/efficient
detection of threat sources provided by being in a group situation. This mechanism relies on a
lower probability to be the target of a danger source when conspecifics are present. Considering
a predator attack as an example, risk dilution posits that the more conspecifics are present in
the vicinity, the lower the individual probability of being targeted (Bertram, 1978). In other
words, the multiplicity of possible targets automatically reduces the individual’s likelihood of
being chased by a predator, increasing in such a way the safety of group situations. This reduced

the time allocated to vigilance.

Regarding the previously summarized mechanisms, although they have different natures
and assumptions, all reach similar conclusions and predictions: the presence of conspecifics
generally reduces the individual threat-risk. Consequently, the resources allocated to vigilance
behavior tend to decrease as a function of the number of conspecifics in the vicinity (a
phenomenon also known as group size effect; e.g., Bertram, 1980; Quenette, 1990; van Schaik,
van Noordwijk, de Boer, et al.,, 1983). These resources can then be invested in other
homeostasis-relevant activities (e.g., foraging), increasing individuals’ fitness. Interestingly,
the effects of the presence of conspecifics’ are considered to be one of the main precursors of
the evolution of group living, and consequently the sociality, in animal species (Pulliam &
Caraco, 1984). In fact, although not clearly described or named, the different mechanisms
hypothesized behind an increased safety in group conditions are presented as the basis of the
most prominent theories regarding the evolution of group living. One example can be observed
in Galton’s report (1871). Inspired by the “Theory of Evolution by Natural Selection” proposed
by his cousin Charles Darwin (1859), Galton concluded that the evolution of gregariousness
might have occurred to increase safety due to the many-eyes effect and collective detection.
Another relevant approach was put forward by George C. Williams (1966) in his successful
book titled “Adaptation and Natural Selection”. Briefly, the author defended that living in a

group could be beneficial because individuals can use others as protection against predators
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(i.e. risk dilution effect). Furthermore, the author also hypothesized that the capacity to perceive
conspecifics’ alarm signals, acting defensively (i.e. collective detection), might have had a great
adaptive value (Williams, 1966). Williams’ idea gave rise, 5 years later, to another influential
theory sketched by William D. Hamilton (1971) in his widely cited paper titled “Geometry for
the Selfish Herd”. Using geometric models, the author explored the idea that the presence of
conspecifics (i.e. risk-dilution) and a more central physical position in the group (see also Vine,
1971), shape the decreased probability of being targeted during a predator attack. The author
concluded that, even in non-sociable species, natural selection may favor individuals that are in

the presence of other conspecifics.

Independent of the mechanism thought to be driving it, a considerable volume of
behavioral animal research has confirmed that vigilance rates tend to decline as group size
increases. This phenomenon can be observed, for instance, in invertebrates (Fordyce &
Agrawal, 2001), several bird species (e.g., Beauchamp & Livoreil, 1997; Lazarus, 1978;
Radford & Ridley, 2007; Rieucau et al., 2010), and also mammals (e.g., Blumstein, 1996;
Blumstein et al., 1999), including non-human primates (Gosselin-ildari & Koenig, 2012; van
Schaik et al., 1983; but see Treves, 2000;). Interestingly, hormonal research in animals species
has also shown that vigilance rates seem to be positively related to stress hormone levels (e.g.,
cortisol, Hawlena & Schmitz, 2010; but see Tkaczynski et al., 2014), which apparently decrease
in animals (i.e. sheep) living in larger groups (Michelena et al., 2012). This supports the fact
that vigilance decrement is indeed related to a perceived safety increment when in the presence

of conspecifics.

However, does the presence of conspecifics always mean increased safety? Animal
research mainly conducted with primate species (see Treves, 2000), revealed that the answer to
this question may not be as straightforward as one would expect. As is the case with other
animal species, primates seem to have reduced their predation problem by living in groups
(Shultz et al., 2004; van Schaik, van Noordwijk, Warsono, et al., 1983). Nevertheless, living
gregariously apparently brings a set of distinct complications. In fact, data from non-human
primates showed that they can face more severe threats from conspecifics (e.g., intragroup
aggression, infanticide; Treves, 1998) than several other taxa. The threat provided by
conspecifics in primate groups, especially in highly competitive environments (e.g., Treves,
1999), is frequent and often lethal (e.g., Collins et al., 1984; Dittus, 1980; Goodall, 1986). In
these cases, it is clear that the presence of conspecifics does not represent increased safety.
Consequently, it is not expected that the presence of conspecifics results in lower vigilance

levels in such group contexts (see Treves, 2000). Especially in competitive environments,
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primate species, besides monitoring predators, spend a considerable amount of time monitoring
conspecifics as well (also known as within-group vigilance or social vigilance; see Beauchamp,
2015). This precludes the observation of a decrease in vigilance in several large group contexts
(e.g., Barbosa, 2002; Blumstein & Daniel, 2002; E. Z. Cameron & Du Toit, 2005; Keverne et
al., 1978). These results highlight that vigilance, as a danger avoidance tactic, does not serve
only monitoring interspecies threat (e.g., predators). Vigilance is further allocated to monitor
threats that could come from group members (e.g., aggressive conspecifics). In such a way,
variables such as the context where the data collection is conducted (e.g., threatening vs. non-
threatening situations) and the group context where the individuals are inserted (e.g., highly
competitive or cooperative) seem to be paramount to fully unravel the dynamics behind danger

monitoring across animal species.

Human beings are animals too, and as mentioned in the introductory section of this
chapter, they are continuously exposed to diverse threat sources. Hence, as in the case of other
animal species, this daily threat exposure demands a proper balance between intake/foraging-
like activities and efficient risk/threat monitoring (analogous to vigilance behavior; see Kameda
& Tamura, 2007). However, despite the relevance of risk monitoring in our daily lives, and
although we are one of the most social species in the animal kingdom, little is known about
human vigilance and the modulatory effects introduced by the presence of conspecifics.
Specifically, do humans rely on similar vigilance strategies as other social species? Does the
presence of conspecifics modulate human vigilance behavior? Does it still serve threat

avoidance purposes?

The first study trying to address these questions was conducted by the present-day
emeritus professor of psychology David P. Barash (Barash, 1972). Probably inspired by earlier
work on vigilance behavior in animal species, Barash, observing the behavior of college
students at a snack bar in the state University College at Oneonta, New York, concluded that:
(@) solitary individuals tend to select tables significantly closer to walls compared to more
central tables (a pattern that was not observed in groups of individuals); (b) solitary individuals
evidence a higher frequency of vigilance behavior (which the author named as “looking-ups )
while eating than individuals in group situations. In what the author called the “Snack-bar
Security Syndrome”, Barash speculated that the pattern that he observed in human beings
resulted from a need for physical security while eating, which was modulated by the presence
of conspecifics (i.e. group situations). In other words, solitary individuals, feeling more
unprotected than individuals in group situations, selected more sheltered tables (i.e. close to

walls), also evidencing a higher frequency of monitoring behavior (i.e. vigilance). Following
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the author’s reasoning, although the data were collected in a predator-free environment, this
search for security may be a product of the selective pressure exerted by the necessity to avoid
predator raids through our evolutionary pathway (Barash, 1972). In his own words: “Human
culture has evolved at a fantastic rate relative to our genetic evolution and it seems entirely
plausible that we have carried such behavioral anachronisms into the 20th Century.” (Barash,
1972, p. 578). Following Barash’s study, 14 years later, Peter Wirtz and Monika Wawra (1986)
decided to explore the group size effect observed in other animal species on humans’ vigilance.
Using a similar observational methodology as Barash (1972), Wirtz and Wawra (1986) reached
the main conclusion that, as in other animal species, the frequency and duration of scanning the
surrounding environment (i.e. vigilance) also correlates negatively with the group size (1-5
elements) in our own species. The authors also showed that females (compared to males)
display a more rapid reduction in vigilance as group size increases. These results were
replicated and extended 2 years later by Wawra (1988), who additionally pointed that the
scanning behavior seems not to be coordinated between individuals (but see Kameda & Tamura,
2007; Kuroda & Kameda, 2019), and it is independent of the level of conversation within
groups. As with Barash (1972), these authors (i.e. Wawra, 1988; Wirtz & Wawra, 1986) argued
that this behavior was an artifact of evolution that remains until the present-day. This
hypothesis, known as ghost-of-predation-past theory (see Beauchamp, 2015), is based on the
assumption that traits, like vigilance, although not fully useful in the present, can persist in the
population if they are not too costly, or if the evolutionary pressures driving such traits changed

just recently (see Lahti et al., 2009).

Unfortunately, no further progress was made until 2002, when the British anthropologist
Robin Dunbar — better known for his work in the “the social brain hypothesis” (see Dunbar,
1998) — and his colleagues conducted a study aiming to examine alternative explanations to the
ghost-of-predation-past (Dunbar et al., 2002). Observing the behavior of human individuals
and groups in large refectories and open parks, Dunbar and colleagues (2002) replicated the
data from previous studies (i.e. Wawra, 1988; Wirtz & Wawra, 1986) evidencing a negative
correlation between vigilance and group size. Nevertheless, further exploring their data, they
also showed that the motivation for human vigilance (operationalized as the frequency of
scanning behavior) in a threat-free situation appeared to be directed more to members of their
own species (i.e. mate searching) instead of monitoring the surroundings for possible danger
sources. These results suggest that vigilance can be tuned into the light of individuals’ current
necessities, serving purposes other than threat detection (e.g., mate searching) when the

individuals are in a threat-free environment. As already suggested in animal research, Dunbar
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and colleagues’ (2002) data highlight that when vigilance is studied, context variables (e.g.,
threat risk) should be considered. In fact, the authors suggested that if the studies had been
conducted in a threat-rich environment, they might have found a relation between vigilance and
threat avoidance (Dunbar et al., 2002).

Kameda and Tamura (2007) simulated a ‘foraging under threat risk’ situation using a
virtual task. In this task, participants were financially rewarded for solving problems and
punished if they did not detect a signal. Their results confirmed the relation between vigilance
and threat avoidance predicted by Dunbar and colleagues (2002) in human subjects. They
showed that individuals tend to allocate more resources (i.e. time) to vigilance as the cost of
failing to detect threat increased, hence reducing their foraging activity. As is the case with
other animal species, human beings also faced a trade-off between foraging/intake-related
activities and vigilance when in a threat-rich environment. This may have strong implications

for understanding risk monitoring in our own species (see Kameda & Tamura, 2007).

This relation between vigilance and threat avoidance was reinforced recently by
Beauchamp (2020), employing a virtual task that simulates foraging under threat risk. This task
consisted of a virtual scenario where participants were asked to decide how much time they
spend collecting food rewards or trying to avoid a virtual predator attack. His results showed
that human vigilance behavior is modulated by the frequency of threat encounters. When the
frequency of threat encounters (i.e. the virtual predator attack) increased, the time allocated to
vigilance also increased, resulting in reduced foraging activity (Beauchamp, 2020). In sum,
when assessed in a threat-rich scenario, human vigilance appears to serve threat detection
purposes, being modulated not only by the costs of failing to detect a threat stimulus but also
by the probability of a threat encounter (Beauchamp, 2020; Kameda & Tamura, 2007).
Therefore, in order to study the relevance of vigilance behavior to danger monitoring and
avoidance in our own species, one should consider assessing vigilance in a context where it
seems to have evolved: in a threat-rich environment where a trade-off between foraging and
vigilance needs to be achieved in order to maintain the individual’s safety and well-being (see

Beauchamp, 2015).

Despite the research summarized above and the promising role of vigilance in human
risk monitoring, it is still unclear how the presence of conspecifics in a threatening environment

affects vigilance and the humans’ capacity to detect threatening cues in different group contexts.
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Emotional (fear) chemosignals: A collective detection mechanism in human beings?*

One of the mechanisms thought to be behind the increased safety perceived in group
contexts is collective detection (e.g., Lima, 1990). Briefly, collective detection proposes that
the transfer of information between conspecifics warns non-vigilant individuals that a
dangerous event is about to occur, presenting protection from a potential inquiry. Thus,
individuals in a group situation can reduce their vigilance level without compromising their
safety (for a review see Beauchamp, 2015). Obviously, the collective detection mechanism is
dependent on an efficient information transfer between conspecifics (for the sake of simplicity,
hereinafter termed as communication?). Interestingly, research in non-human animal species
has shown that such communication can rely on the most diverse sensorial signals, which can
be visual (e.g., alert body postures in fish; Brown et al., 1999), acoustic (e.g., alarm calls in
prairie dogs; Hoogland, 1979), mechanical (e.g., vibrations in the ground, transmitted between
foot-drumming mammals; Randall, 2001), or even olfactory danger signals (e.g., alarm
pheromones released by rats; Kikusui et al., 2001).

Given the importance of collective detection in other animal species, a question that can
naturally arise is: does “collective detection” play a role in shaping human behavior? Although
not often framed in terms of collective detection, research has shown that our own species
developed the capacity not only to emit sensory cues signaling that a dangerous situation is
occurring (or may occur; i.e. fear or anxiety-related situations) but also to perceive and react in
accordance to these sensory cues emitted by conspecifics (see De Gelder, 2006; Ohman &
Mineka, 2001). Notably, this communication of danger-related information in humans can also
rely on many sensory modalities. One of these sensory modalities is vision. Vision plays a
prominent role in navigating the surrounding environment. A colossal volume of research in
psychology and neurosciences has evidenced that we are highly susceptible to visual stimuli
signaling that a conspecific is in a threatening situation. A prominent example of such stimuli
is facial expressions of fear (e.g., Mogg et al., 2007; Pourtois et al., 2004). This highly relevant
visual stimulus is preferentially processed by our brain (in comparison to threat-unrelated faces;
e.g., Mogg et al., 2007). In fact, fearful faces quickly grab our visual attention (e.g., Pourtois et
al., 2004), being detected and perceived faster when compared, for instance, to neutral faces
(e.g., Fox et al., 2007; Yang et al., 2007). Moreover, fearful faces also seem to orient our gaze

to their gaze's location to a greater extent than neutral faces (e.g., Gallup et al., 2014). The same

! This section is partially based on a literature review reported in: Semin., G. R., & Gomes, N. (under review).
Human Emotion Chemosignals: A Functional Activation-Articulation Model.

2 which “... occurs when a signal produced by an individual causes a change (reaction) in another organism,
where both the signal and the reaction have been designed for these purposes” (Scott-Phillips, 2015, p. 30)
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seems to be true for fear body postures (see De Gelder, 2006). These stimuli also grab human
attention (Bannerman et al., 2009) and are perceived in a privileged way (e.g., Stienen & de
Gelder, 2011) in comparison to non-threatening body postures. Interestingly, this
communication of danger signals is not exclusive to vision. Acoustic danger cues, such as fear
prosody (e.g., Dolan et al., 2001) or cry (e.g., Giardino et al., 2008), also play a role in
transferring information about dangerous events in human beings. They seem to guide our
attention (e.g., Rigoulot & Pell, 2012) and to modulate the perception of visual threat cues (e.g.,
Stienen et al., 2011). Hence, this long tradition of research in psychology has demonstrated that
a similar phenomenon to “collective detection” is relevant in humans, shaping our daily

behavior.

Although completely uncharted until two decades ago, another sensory modality that
constitutes a strong candidate for danger communication between humans is olfaction — which
constitutes one of the pillars driving the present thesis. Contrary to common beliefs, it is now
well-known that humans seem to have excellent olfactory abilities, being able to discriminate
and detect an extraordinary range of odors (see McGann, 2017). Even more impressive is the
fact that our sense of smell plays an important role in social communication through body odors
(i.e. usually axillary sweat; see Semin & de Groot, 2013). Information about the senders’ age
(Mitroetal., 2012), gender (Penn et al., 2007), health status (Olsson et al., 2014), and familiarity
(Lundstrom et al., 2009) constitute just a few examples of individual characteristics that can be
communicated via body odors (i.e. chemosignals). Interestingly, in addition to the
communication of information about relatively stable individual characteristics, chemosignals
carry information about transient emotion-related states. This was firstly explored 20 years ago
by Denise Chen and Jeannette Haviland-Jones (2000). In this pioneering work, Chen and
Haviland-Jones evidenced that humans were somehow able to identify chemosignals produced
under fear and happy-inducing situations above chance, suggesting that there must be some
differences in the released body odor. Their work constituted the forerunner to more than 30
studies exploring the effects of emotion-related chemosignals on their receivers. This line of
research confirmed that human beings unknowingly adjust the chemical composition of their
chemosignals as a function of their emotional state (Smeets et al., 2020). Even more interesting
for research in psychology, an extensive volume of evidence has also indicated that the
exposure to such chemically distinct chemosignals — i.e. produced during happiness (de Groot
et al., 2018; de Groot, Smeets, & Semin, 2015), disgust (de Groot et al., 2012; Zheng et al.,
2018), and alertness-related emotional states (fear, anxiety, or high-stress conditions; e.g., de
Groot et al., 2012, 2014a, 2014b, 2018; de Groot, Smeets, Rowson, et al., 2015; Kamiloglu et
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al., 2018; Mujica-Parodi et al., 2009; Pause et al., 2004; Prehn et al., 2006; Rocha et al., 2018;
Silvaetal., 2020) — seem to modulate their receivers’ behavior in accordance with the emotional
condition in which they were produced. For the purposes of the present thesis, the literature
summarized below will focus only on the effects of being exposed to alertness-related
chemosignals (i.e. high-stress, anxiety, and fear-related chemosignals; see de Groot et al., 2017;
de Groot & Smeets, 2017), and their impact on the receivers’ capacity (or preparedness) to
detect and avoid threatening stimuli.

Considering the capacity of chemosignals to transmit emotion-related information,
chemosignals released in an alertness-related condition (e.g., during fear or anxiety emotional
states) should signal to their receivers that a nearby conspecific is (or recently was) in a
threatening situation. Thus, assuming that a “collective detection-like” phenomenon has a role
in shaping human beings' behavior, the exposure to this specific type of chemosignals must
trigger a preparedness state in its receivers to detect and avoid threatening stimuli. Research
using alertness-related chemosignals has pointed out that this is the case. Repeated research has
shown, for instance, that exposure to fear-related chemosignals (i.e. apocrine axillar sweat
sampled while participants watched horror movies) results in very subtle activations (compared
to the exposure to sweat sampled while participants watched neutral movies) of the facial
muscles medial frontalis and corrugator supercilii (e.g., de Groot et al., 2014a; Kamiloglu et
al., 2018). Interestingly, these are precisely the facial muscles responsible for displaying fear
expressions (Fridlund & Cacioppo, 1986) As Susskind and colleagues (2008) have suggested,
the activation of these muscles widens the eye aperture increasing the visual field, and
consequently sensory acquisition (Lee et al., 2013). Congruently with this sensory acquisition
increment, exposure to fear-related chemosignals also increased the sniffing volume, triggered
a quick visual scan strategy, and increased target detection sensitivity (compared to the

exposure to neutral and disgust-related chemosignals; de Groot et al., 2012).

Moreover, evidence in the literature further suggests that the exposure to fear-related
chemosignals (compared to neutral chemosignals) biases visual perception, leading receivers
to rate ambiguous facial expressions as more fearful (de Groot et al., 2020; Zhou & Chen, 2009).
Fear-related chemosignals (compared to neutral chemosignals) are also known to reduce the
time needed to classify fear expressions as negative (Kamiloglu et al., 2018), and to accelerate
access to awareness for fear facial expressions (Silva et al., 2020) or to faces in general (i.e.
independent of their emotional content; de Groot et al., 2018). This perceptual bias was further
supported by work using anxiety-related chemosignals (i.e. sweat collected during high-anxiety

situations such as waiting for an academic examination). This research evidenced that the
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exposure to these chemosignals (compared to exercise sweat) increased the accuracy in
discriminating between emotional morphed faces (Rocha et al., 2018; Wudarczyk et al., 2016).
Mujica-Parodi and colleagues (2009) also confirmed the perception bias, evidencing that the
exposure to high-stress chemosignals (i.e. sweat collected during first-time skydiving) resulted
in enhanced discrimination of ambiguous anger faces (compared to the exposure to exercise
sweat). Together these results indicate that exposure to alertness-related chemosignals biases
visual perception, facilitating the assessment of risk information in facial stimuli, especially

during demanding perceptual conditions.

In addition to increasing sensory acquisition and leading to a perceptual bias that
facilitates risk assessment, research using anxiety chemosignals went further evidencing that
they also prepare receivers to react to potentially threatening stimuli. In fact, the exposure to
these chemosignals modulates receivers’ cardiac activity in congruence with a stress response
(i.e. reducing cardiac parasympathetic activity; Rocha et al., 2018), and pre-attentively priming
motor defensive behaviors such as increasing the amplitude of the startle reflex (a well-known
withdraw behavior; Prehn et al., 2006).

This relation between the exposure to alertness-related chemosignals and the
modulation of threat detection and avoidance mechanisms is further supported by neuroimaging
evidence. Although research on the neuronal mechanisms driving the processing of alertness-
related chemosignals is still in its infancy, the few existing studies show that these chemosignals
are processed similarly to other threat-related stimuli (e.g., fear facial expressions; for a review
see Parma et al., 2017). An interesting illustration of this preferential processing of alertness-
related chemosignals is the study conducted by Pause and colleagues (2010) using
electroencephalography (EEG). Their results showed that exposure to anxiety-related
chemosignals (compared with exposure to exercise sweat) results in P3 component’s magnitude
increment, located in the medial frontal brain areas. This specific increment of the neuronal
activity in the frontal medial brain areas is commonly associated with exposure to potentially
harmful odors (Laudien et al., 2008). The activation of this brain region (i.e. medial prefrontal
cortex) is often related to emotional activation (Phan et al., 2002) and hypothesized to be related
to flexible physiological adjustments in relevant situations (Damasio, 1994), involving the
integration of sensory and cognitive information in order to adjust physiological activity (see
Pause et al., 2010; Rolls, 1999). Hence, these results indicate not only that processing of
alertness-related chemosignals require enhanced neuronal resources (compared to exercise
chemosignals), but also point out that — considering the location of the increased neuronal

activity — exposure to these specific sensory cues may trigger physiological adjustments and
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multisensory integration, which may be advantageous in reacting to imminent threatening

stimuli.

In the same vein, a fMRI study with anxiety chemosignals (compared to exercise
chemosignals) showed activation in the fusiform area, the insula, precuneus, cingulated cortex,
thalamus, dorsomedial prefrontal cortex, and cerebellum (Prehn-Kristensen et al., 2009). As
also described by the authors, the activation of structures like insula (Jabbi et al., 2007),
precuneus (Cavanna & Trimble, 2006; Gobbini et al., 2004), and the anterior and posterior
cingulated cortex (Vollm et al., 2006) are usually associated with empathy networks. Areas
such as the fusiform cortex seem to be activated during the processing of socially relevant
stimuli (e.g., faces; Vuilleumier & Pourtois, 2007). In turn, the activation of the thalamus (e.g.,
Snow et al., 2009) and cerebellum (especially the vermis; Schutter & Van Honk, 2005) are
thought to be related to attention and emotional control, respectively. Additionally, the
precuneus is deeply connected with, among others, the premotor and supplementary motor areas
(Cavanna & Trimble, 2006). We speculate that this connection may drive the motor adaptations
observed during the exposure to alertness-related chemosignals (i.e. the aforementioned fEMG
effects and the modulation of withdrawal behaviors; e.g., de Groot et al., 2012; Prehn et al.,
2006).

More recently, Wudarczyk and colleagues (2016) extended these findings in another
fMRI study. They used an emotion recognition task with faces that were parametrically
morphed from neutral to fear. The goal was to examine brain responses to changes in facial
expressions while being exposed to anxiety-related chemosignals (in contrast to exercise
chemosignals). In the anxiety chemosignal condition, the increase in the fearfulness of facial
expressions corresponded to increased activity in the insula (usually implicated, among other
functions, in producing an emotionally relevant context; e.g., Singer et al., 2009), and middle
occipital gyrus extending into the fusiform gyrus (visual areas that were previously associated
with a visual preparedness mechanism triggered by olfactory stimuli; e.g., Lundstrém et al.,
2008). As already mentioned, the increased activations triggered by the anxiety chemosignals,
co-occurred with participants rating the more discernible faces (i.e. faces in morph levels closer
to neutral or fear facial expressions) as more fearful and neutral, respectively. Interestingly, the
higher ratings of fearfulness also corresponded to an increment in hippocampus activity (a brain
area associated with memory, e.g., Burgess et al., 2002). These results indicate that the exposure
to alertness-related chemosignals facilitates face processing and may improve retrieval of fear

faces by enhancing the emotional context.
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Furthermore, contrasting sweat collected during a high-stress situation (i.e. first time
skydiving) with exercise sweat, Mujica-Parodi and colleagues (2009) showed that exposure to
high-stress chemosignals resulted in the activation of the amygdala - a brain area commonly
associated with threat detection and coordination of appropriated defensive responses
(suggesting a preparedness to deal with imminent danger) through its cortical feedback
connections (e.g., Amaral, 2002; LeDoux, 2014). In line with this, Mujica-Parodi et al. (2009)
reported that stress-related chemosignals enhanced the discrimination of ambiguous threatening
(anger) faces, thus linking amygdala activation with a facilitated risk-assessment. Accordingly,
using EEG, Rubin and colleagues (2012) showed that exposure to high-stress sweat (compared
to exercise sweat) resulted in heightened late positive potentials (LPP) not only to angry faces
but also neutral and emotionally ambiguous facial expressions. This suggests that, by enhancing
attentiveness to otherwise non-relevant stimuli (like neutral and emotionally ambiguous faces),
the exposure to high-stress sweat modulates sustained attention and perceptual salience-related

electrocortical activity (see Rubin et al., 2012).

Additionally, in a very recent fMRI study, de Groot and colleagues (2020) examined
whether sweat produced by donors exposed to different quantities (i.e., low, medium, and high;
as categorized by the authors) of fear-related chemosignals resulted in distinct behavioral,
physiological, and neural responses in receivers (compared to neutral chemosignals). Their
results showed that exposure to fear-related chemosignals, independent of the “fear intensity”
experienced by the sweat donor, resulted in: (a) a bias towards perceiving fear in ambiguous
morphed faces; (b) an increment in sniffing response; and (c), as in the aforementioned studies
employing anxiety-related chemosignals, the activation of the fusiform gyrus, as well as
prefrontal areas (in this case the ventral medial prefrontal cortex). Additionally, the authors
presented some evidence that the “fear intensity” experienced by the sweat donors seems to be
partially coded on the receivers’ left amygdala. More relevant for our current purposes, de Groot
and colleagues (2020) also found a relation between the level of left amygdala activity and the
percentage of face morphs being perceived as fearful. This interesting result suggests the
amygdala as a mediator structure for the perceptual bias triggered by alertness-related

chemosignals.

Altogether, research on the effects of alertness-chemosignals has shown that exposure
to specific sensory signals modulates sensory acquisition, attention, emotion, defensive
behaviors, as well as activity in brain areas associated with threat-detection in human beings
(e.g., de Groot et al., 2012; Mujica-Parodi et al., 2009; Prehn-Kristensen et al., 2009; Prehn et
al., 2006; Rocha et al., 2018). This data pattern seems to support a “collective detection-like”
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phenomenon driven by alertness-related chemosignals that may modulate risk-monitoring and
threat avoidance in our own species, contributing to individual and group safety. However, no
research has hitherto directly explored the effects of being exposed to alertness-related
chemosignals in humans’ risk monitoring (i.e. vigilance), as well as in the capacity to detect

and avoid threatening stimuli.

Thesis’ Purpose and Specific Goals

In the previous section, I summarized animal and human research pointing out that risk
monitoring and threat avoidance strategies in human beings are very likely to be directly (i.e.
by the presence of conspecifics) or indirectly (i.e. through alarm sensory cues such as alertness-
related chemosignals) modulated by conspecifics. Concretely, based on the research | reviewed,
it is possible to argue that: (a) the presence of non-threatening and unfrightened conspecifics
induces a feeling of safety leading to a reduction in vigilance, and an increment of intake
activities (e.g., foraging); (b) however, this effect is not only modulated by the context where
vigilance is activated (i.e. in threatening or threat-free environments), but also by the group
context where the individuals are (i.e. safe or high competitive environments contexts); (c)
besides the direct effects of their presence, conspecifics may also modulate individual’s danger
monitoring and threat avoidance strategies through alarm sensory cues transferred by, among
other sensory modalities, olfactory signals. Nevertheless, and despite the importance that such
arguments may have in governing danger avoidance in a range of contexts in our societies (e.g.,
air-traffic controllers; Blachman & Proschan, 1959), they were neglected in psychological
research. In fact, no study has hitherto addressed the real impact of the presence of conspecifics
and their olfactory danger signals on human vigilance strategies and their capacity to avoid
threatening stimuli. In other words, notwithstanding the previously summarized research, no
effort has been made to explore the real role that conspecifics play in modulating individual

danger monitoring. It is precisely here that lies the novelty of the present thesis.

Therefore, across 5 studies, | intend to shed light on the influence of conspecifics in
individual vigilance strategies and in the capacity to avoid dangerous events. Specifically, these
studies examine the applicability of behavioral ecological models of animal vigilance to human
beings in a (virtual) threatening environment, testing the following predictions: (a) human
beings rely on vigilance strategies similar to those documented in animal species, namely the
mere presence of conspecifics increases foraging activity at the expense of the time allocated
to vigilance; (b) this vigilance decrement may be associated with a perceived safety increment

when in the presence of conspecifics; (c) however, adverse group contexts (i.e. the presence of
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competitive conspecifics) should result in an opposite effect, increasing vigilance behavior; (c)
when in a threatening environment, vigilance behavior serves threat detection purposes; and (d)
alertness-related (i.e. fear) chemosignals drive a “collective detection-like” phenomenon,
modulating their receivers’ vigilance behavior and capacity to avoid threatening events. In
addition, my plan was also to explore possible concomitant effects of the presence of
conspecifics in vigilance and threat-detection, while exposed to fear-related chemosignals.
However, due to the current global pandemic (COVID-19), we were prevented from having
more than one participant in the lab’s facilities at a time, impeding the execution of this last

study.

It is also important to note that, regarding the modulatory effects of the presence of
conspecifics on humans’ vigilance, the aim of this thesis was not to study what is known in
animal research as “group size effect” (for a review see Beauchamp, 2015). That is, the number
of conspecifics in the “co-presence condition” remained constant across studies. Moreover, in
contrast to previous studies (see Kameda & Tamura, 2007; Kuroda & Kameda, 2019), we did
not examine the effects of group dynamics (e.g., “producer-scrounger” games; see Giraldeau &
Caraco, 2000), or the influence of conspecifics’ vigilance rates on individual vigilance (e.g.,
Sirot, 2006). Instead, we examined more fundamental phenomena, namely if the simple
presence of conspecifics, (e.g., “neutral” conspecifics, or conspecifics perceived as

competitors) was enough to change individual vigilance strategies and threat detection capacity.

Overview and main conclusions

Chapter II° reports an experimental study that constitutes one of the two pillars of the
current thesis. The study was conducted to provide a proof of principle for vigilance behavior
in human beings, its modulation by the presence of conspecifics, and its relationship to threat
detection. This chapter introduces a novel paradigm developed in our lab, which is called
“foraging-vigilance task”. This novel paradigm was created to allow the study of vigilance in
the context in which it is likely to have evolved — namely, where the adjustment of a trade-off
between the two survival activities (risk monitoring and foraging) is required to increase an
individual’s “fitness”. In fact, employing such a trade-off constitutes a necessary condition to
study the danger avoidance function of vigilance behavior (Beauchamp, 2015). This task

constitutes a simulation of foraging under threat risk and is inspired by Kameda and Tamura's

3Please note that Chapter I, as a general introduction to the current thesis, has overlapping information with the
remaining chapters.
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work (2007). Concretely, participants were told that their final reward would depend on their
task performance. They received small monetary rewards for solving a central letter
discrimination task (i.e. foraging simulation) but suffered strong monetary punishments for not
detecting changes in their peripheral visual field (i.e. threat-simulation). Thus, participants had
to decide how to distribute their attentional resources between the two tasks, which were
incompatible with each other. That is, when participants focused on the letter discrimination
task, they were not able to detect the peripheral threatening changes and vice-versa. In other
words, to increase the probability of detecting the threatening changes presented peripherally,
participants had to increase the time allocated to vigilance, which necessarily results in a
sacrifice of their performance on the central letter discrimination task. Hence, a trade-off
between foraging and vigilance had to be achieved in order to increase participants’ fitness (i.e.
to increase their final reward). This task was paired with an eye-tracker, allowing us to reliably
measure the attentional resources (i.e. time) allocated to each independent “survival relevant

activity” (i.e. foraging and vigilance).

In order to assess whether the presence of conspecifics had a direct impact on vigilance
behavior and threat detection, participants performed the experiment in one of two conditions:
an individual condition where they solved the task isolated in a cubicle, or a co-presence
condition, where they were in the presence of two confederates performing the same task on
two independent monitors. A between-subjects design was chosen to minimize learning effects
between conditions and participants’ tiredness. The results revealed that participants in the
individual condition (compared to the participants in the co-presence condition) allocated more
attentional resources to avoid threatening stimuli (i.e. vigilance), thereby sacrificing foraging,
but increasing their likelihood of detecting threatening events. The results of this study not only
confirmed that vigilance serves threat detection purposes in a threatening environment but also,
as seen in studies with animal species, that the presence of conspecifics modulates this behavior,

as shown by reduced vigilance rates.

Chapter 111 aimed to shed light on the mechanisms behind the observed decrease in
vigilance when conspecifics are present - namely, the assumed safety increment triggered by
the presence of conspecifics. Specifically, this study examined whether the presence of
conspecifics (2 friends or 2 strangers), compared to an individual condition, reduces the
perceived threat in ambiguous danger situations. In an online-based experiment, participants
were asked to immerse themselves into several dangerous scenarios presented in small vignettes
(involving either dangerous animals or harmful conspecifics; between-subjects factor). In each

vignette, they had to imagine themselves alone, in the company of 2 friends, or 2 strangers
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(within-subjects factor). Their task was to assess how threatened they would feel and how likely
they were to be harmed in each scenario. The results of this study showed that, irrespective of
the threat source (i.e. dangerous animals or harmful conspecifics), the presence of conspecifics
(2 friends or 2 strangers) reduced the perceived threat and probability of getting harmed when
compared to the individual condition. These results supported the notion that the presence of
conspecifics automatically increases perceived safety, which arguably results in fewer
resources being dedicated to vigilance compared to individual conditions.

The research reported in Chapter 1V was designed to shed light on how different co-
presence conditions (i.e. mere presence vs. competition vs. cooperation; between-subjects
design) shape human vigilance and threat detection capability when performing the “foraging-
vigilance task”. Specifically, in this experiment, participants received distinct sets of
instructions in accordance with the condition they were taking part. In the mere co-presence
condition, participants were told that their tasks and their rewards were independent of the other
participants. In the competition condition, participants were told that they only receive the final
reward if they obtain a better performance result compared to the two other participants
(confederates). In the cooperation condition, participants were informed that they constitute a
team, being led to believe that their reward would be contingent on the performance of the team.
The results showed that the different co-presence conditions neither modulated vigilance
behavior nor threat detection capacity. These results suggest that, independent of the
conspecifics being perceived as competitors or cooperators, their presence modulates vigilance
levels and foraging activity in a similar way to just their mere presence. Arguably, competition
or cooperation contexts may only play a role when the dynamics between group members are
examined (e.g., Kameda & Tamura, 2007; Kuroda & Kameda, 2019) but not when the
experimental contingencies do not allow interaction between participants as in the case of the

experiment reported in this chapter.

The research reported in Chapter V constitutes the second pillar of the thesis. In this
chapter, an experiment examining the effects of exposure to fear-chemosignals on vigilance
and threat detection is reported. In this study, participants were exposed to one of three
chemosignal conditions — fear-related chemosignals, rest chemosignals, and a clean air
condition — while performing the “foraging-vigilance task”. The presence of conspecifics was
not manipulated. Participants performed the experiment alone in an experimental cubicle. As
in the study reported in chapter 11, a between-subjects design was chosen to avoid learning and
tiredness effects between odor conditions. Interestingly, the obtained results revealed that the

exposure to fear-related chemosignals (compared to the rest chemosignals and the clean air
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condition) did not modulate vigilance behavior per se but led to faster reactions to threatening
events. These results suggest that instead of increasing participants’ alertness, and modulating
risk-monitoring, fear-related chemosignals induced in their receiver an unconscious danger-
avoidance readiness state categorized by high attentiveness that allows faster reactions to

threatening events.

Chapter VI constitutes a methodological component to the present thesis. It is designed
to examine how to reduce the monetary and time cost of further planned research employing
chemosignals. Unfortunately, as aforementioned, the final planned study involving
chemosignals could not be conducted due to the restrictions imposed by the world pandemic
situation. Nevertheless, this methodological study was still reported here due to the advantages
that it can bring to future research on this field. The research reported in this chapter investigated
if it is possible to reutilize fear chemosignals a second time. Specifically, replicating the
methodology used in previous studies exploring what the authors termed emotional
communication through body odors (e.g., de Groot et al., 2014a), my co-authors and | tested if
fear and neutral sweat samples produce similar fEMG effects across two independent
applications. Firstly, our results replicated the findings in the earlier literature. Exposure to fear
chemosignals (compared to neutral chemosignals) results in stronger activation of the facial
muscles involved in fear expressions (i.e. the medial frontalis and the corrugator supercilii; see
Fridlund & Cacioppo, 1986). Moreover, this data pattern was similar across both sweat
applications, underlining the feasibility of re-using fear sweat samples. Interestingly, these
results also led to some speculation regarding the volatiles involved in the information transfer
between sweat donors and receivers. As the data patterns were similar across applications, it is
very likely that the volatiles carrying fear-related information are not high-volatile molecules
that spread fast in the environment but low-volatile molecules, remaining in the location where

they were released for longer periods of time.

Finally, Chapter V11 constitutes a general discussion of the findings obtained in chapter
I1 to VI and is divided into 3 sections. The first section focuses on the results related to the
effects of the presence of conspecifics on vigilance and threat detection. A discussion about
their relation with previous findings, as well as the added value of the present research to
understand diverse social phenomena, is provided (e.g., social buffering; Kikusui et al., 2006).
The second section focuses on the findings involving the effects of fear-related chemosignals
on threat avoidance. In this section, the role of fear chemosignals in preparing receivers to avoid
dangerous events (i.e. readiness state) is explored. The obtained results are integrated with a

functional activation-articulation model elaborated recently by us (Semin & Gomes, under
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review). This model's core argument is that human emotional chemosignals do not directly
induce emotional states. Instead, they activate a highly adaptive neural, muscular, attentional,
and perceptual state of preparedness or readiness. The third section offers limitations of the
studies reported on this thesis and directions for future research. A set of possible practical
implications and some final remarks conclude this chapter. It is important to note that, as a
general discussion of the findings obtained in the current thesis, chapter VII has overlapping

information with chapters 11-VI.
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Abstract

A considerable volume of animal research on detecting threat and foraging reveals that
the co-presence of conspecifics reduces vigilance and enhances foraging. Monitoring threat is
an adaptive process and is of considerable relevance to humans. It is therefore important to
understand how the presence of others influences threat monitoring - namely vigilance - and
consequently the capacity to detect threats. We examine this with a novel paradigm, that
simulates a “foraging under threat” situation, with an eye-tracker (allowing the examination of
the allocation of attention). Our results show, as predicted, that participants in the individual
condition (versus co-presence) allocated more attentional resources to scanning the
environment and thereby sacrificing foraging, which increased their likelihood of detecting
threatening events. Thus, the presence or absence of others modulates vigilance strategies in
humans. These findings highlight the heuristic value of animal vigilance models to understand

humans threat monitoring with considerable applied relevance.
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Introduction

A significant adaptive process across species is threat monitoring and not surprisingly,
a process that is of considerable relevance for humans across diverse contexts (e.g., Reason,
1997). An important question about this process is understanding how threat monitoring in
humans can be potentially influenced by others. How does the presence of others - compared
to their absence - affect vigilance, namely the capacity to detect threats? The research reported
here examines this question for the first time with a novel experimental paradigm. The
paradigm simulates a situation that reproduces ‘foraging under threat’ and permits the
examination of the allocation of attentional resources in such situations. This research is
inspired by the considerable literature on vigilance in animal herds (see Beauchamp, 2015, for
a review) to which we turn first, followed by an overview of the theoretical considerations
driving the current research and the research paradigm.

Many animal species have evolved strategies to maximize a trade-off between foraging
for food and scanning their surroundings by proportioning their attentional resources for danger
(e.g., Creel, Schuette, & Christianson, 2014). This so-called ‘anti-predator vigilance’ has been
the subject of considerable research in animal research (see Beauchamp, 2015). One of the
central moderators for the ‘anti-predator vigilance’ process has been found to be the presence
of conspecifics. In species that forage in groups (i.e. social species), individuals rely either on
themselves or on others to detect a danger source (mutual warning; see Caraco, Martindale, &
Pulliam, 1980; Galton, 1871; Lima, 1995). Moreover, another important aspect of conspecific
presence in vigilance is risk dilution (Bertram, 1978). If a predator cannot attack all group
members, then the presence of conspecifics will also reduce the individual probability of being
targeted (which is inversely proportional to the group size; see Beauchamp, 2015).Thus, relying
on others as additional threat detection sources (mutual warning) and as secondary targets for
approaching predators (risk dilution), allows individuals to allocate more resources on foraging
and to reduce their danger monitoring vigilance activity (see Beauchamp, 2015). Consequently,
in social species, vigilance rates decline as a function of the number of conspecifics present (the
so-called ‘group size effect’; e.g., Bertram, 1980; van Schaik, van Noordwijk, de Boer, & den
Tonkelaar, 1983; but see Treves, 2000).

There is little known about human vigilance behavior. Arguably, humans, even in
modern societies, are exposed to adaptive challenges that demand a proper balance between
foraging/intake activity and risk-monitoring (see Kameda & Tamura, 2007). However, do
human beings rely on the same vigilance strategies as other social species, namely the influence

of conspecifics’ presence on vigilance? So far, a few observational field studies have tried to
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answer this question. These studies showed that, as with other animal species, vigilance
behavior in humans tends to decrease with the presence of conspecifics (Barash, 1972; Dunbar,
Cornah, Daly, & Bowyer, 2002; Wawra, 1988; Wirtz & Wawra, 1986). Notably, the conditions
in these studies did not entail predatory dangers as in the case of the animal studies and therefore
do not constitute examinations of the presence of conspecifics on vigilance in threatening
situations. Indeed, whether vigilance in these studies can serve a threat detection purpose (e.g.,
Wirtz & Wawra, 1986) is debatable also because vigilance behavior could be directed towards
same species members (e.g., mate searching; see Dunbar et al., 2002). Nevertheless, the authors
argued that in a more threat-rich environment vigilance might be related with threat detection
(Dunbar et al., 2002). In fact, this relation was supported by Kameda and Tamura (2007), where
using a task that simulated foraging under threat, the authors demonstrated that individuals
allocated more resources (i.e., time) to vigilance as the cost of failing to detect threat increased.
However, despite this debate, no empirical study has hitherto directly examined the relation
between vigilance behavior and avoiding threatening events by humans in the presence of
conspecifics.

In the present study, our chief goal was to examine the effects of the presence of
conspecifics (vs. being alone) on vigilance in a threatening context. Additionally, we examined
the relation between vigilance behavior and the detection of threatening events. We created a
new “foraging-vigilance” experimental paradigm, inspired by Kameda and Tamura (2007), and
integrated it with eye-tracker technology. This task provides a laboratory simulation of foraging
under threat. Concretely, participants receive small monetary rewards for solving a central letter
discrimination task - foraging simulation - and suffer strong monetary punishments for non-
detected changes occurring in their peripheral visual field - threat simulation (see Methods for
detail). Note that monetary loss is widely used to induce threat and avoidance behavior (e.g.,
Kameda & Tamura, 2007; Léw, Lang, Smith, & Bradley, 2008; Schlund & Cataldo, 2010). It
is also important to consider that in contrast to Kameda and Tamura (2007; see also Kuroda &
Kameda, 2019), our aim in the present study is not to explore how group dynamics modulate
vigilance rates (e.g., “producer-scrounger” game; Giraldeau & Caraco, 2000), or how
individuals use vigilance rates of conspecifics to infer the imminence of threat. (e.g., Sirot,
2006). Instead, we sought to tackle a more basic phenomenon, namely if the mere co-presence
of conspecifics is enough to modulate individual vigilance strategies.

Building upon the animal vigilance literature and also the limited studies with humans,
we hypothesized that (H1) participants in the individual condition will be more vigilant
compared to participants in the presence of conspecifics (co-presence) condition. This will

result in more time spent scanning the targets in the peripheral visual field (compared to the co-
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presence condition). An increase in vigilance (in the individual condition) will be associated
with a sacrifice of foraging activity, resulting in fewer correct responses and more missed
responses in the central task (compared to the co-presence condition). Moreover, we anticipate
that vigilance behavior is related to the human capacity to detect threatening changes, resulting

in (H2) a higher number of detected changes in the individual condition.

Method
Participants

Ninety-six university students’ participated in the experiment on a voluntary basis. Four
participants had to be excluded due to anxiety-related disorders, neurological pathologies, or
misunderstanding the experimental instructions. The final sample consisted of 92 participants
(25 men), aged between 18 and 35 (Mage= 20.95, SD = 4.00). All the participants had normal
or corrected to normal eyesight, no psychiatric/neurologic medication intake, and no registered
or observed symptoms of anxiety-related disorders.

Participants were randomly assigned to the individual or co-presence condition. Forty-
five participants (13 males), aged between 18 and 35 (Mage= 22.07, SD = 4.96), performed the
experiment in the ‘individual condition’, and 47 (12 males) participants, aged between 18 and
28 (Mage= 19.87, SD = 2.41), took part in the ‘co-presence condition’.

Sample size was determined a priori with a power analysis (using G-Power 3.1.9.3;
Faul, Erdfelder, Lang, & Buchner, 2007) for an independent one-tailed Student’s t-test, using
an effect size obtained from similar eye-tracking research investigating the effect of being in a
co-presence condition (compared to an individual condition) on the latency from trial onset to
the first fixation on a change location (Gol, Acartiirk, & Semin, in preparation). Based on a
Cohen’s d of 0.54 (power = .80, a = .05), the power analysis revealed that a minimum of 44
participants would be needed in each experimental condition (i.e., a minimum of 88 participants

in total).

Foraging-vigilance task

Inspired by the work of Kameda and Tamura (2007), we created a laboratory simulation
of foraging under threat. In each trial, participants were presented with random letter matrices
measuring three by four letters, which included one of two target letters, a “q” or “p”. These
matrices were surrounded by 8 circular Gabor patches (comprising 2.25° visual degrees of
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diameter) that were equidistant from the center of the screen by 8° visual degrees (i.e., presented

in the participants near peripheral visual field; see Figure 1).
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Figure 1: Example of a letter matrix surrounded by 8 Gabor patches.

Participants were asked to find as many target letters as possible during each trial (i.e.,
a central letter discrimination task). A new matrix was automatically displayed after a
participant’s response. If there was no answer after 1.5 seconds, then the matrix automatically
changed to a new one. Notably, different letter matrices were presented until the end of each
trial. Thus, each trial contained several letter matrices. For each correct response, participants
received 0.02€ — foraging simulation. However, in 40% of the trials, one of the 8 Gabor
patches changed in size (gradually reducing its width to about a third of its initial size). This
change lasted 4 seconds and could occur at any time between 2 seconds after the start of the
trial and 4 seconds before its end. When participants noticed the change, they were instructed
to press an escape key (SPACE). If the escape key was not pressed, then they received feedback
informing them that they just lost 0.50€ of their accumulated money - threat simulation. If
they pressed the escape key then the change disappeared immediately from the screen, and the
participant was asked to use the mouse to identify the location of the change (i.e., which Gabor
patch changed during the trial). Importantly, when a false-alarm happened (i.e., the participant
pressed the SPACE key when no change was occurring) no punishment was given. However,
we recorded the number of false alarms to control for the frequency of spurious responses. The
data revealed a negligible number of false-alarms per participant (only 10.9% of the participants
had more than 2 false-alarms in the entire experiment).

Each trial ended after 20 seconds or when a change occurred.
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In this task, participants could increase the likelihood of avoiding danger (i.e., detecting
a change in a Gabor patch) by elevating their vigilance level. Choosing to do so, however (as
the Gabor patches where presented in the peripheral visual field making it impossible or, at
least, difficult to perform the central letter discrimination task at the same time) meant that
participants had to sacrifice their foraging activity. Thus, this experimental paradigm permitted
the simulation of a trade-off between the two survival activities of risk-monitoring and foraging,
which, as mentioned in the introductory section, is necessary to study vigilance (see
Beauchamp, 2015).

Design

The present study had a 2-level (individual versus co-presence) between participants
design. Participants were randomly assigned to the ‘individual’ or ‘co-presence’ conditions. In
the individual condition, participants performed the task isolated in an experimental cubicle. In
the group condition, they sat together with two confederates (1 male and 1 female) who solved

a similar task on two independent monitors.

Display

The experiment was performed using Experiment Builder (Version 1.10.1630, SR
Research, 2016). The stimuli were displayed on an Asus VX238H 23 Full HD LED monitor
(1920x1080) with a refresh rate of 60 Hz, connected to a Dell OptiPlex 755.

An Eyelink 1000 plus eye tracker (SR Research) with a sampling rate of a 1000 Hz was
used to record the participants’ eye movements. The eye tracker was calibrated to the
participants’ right eye, using a standard 5-point calibration procedure. Between trials, a drift
correction procedure was used to ensure that the participants started each trial with their gaze
focused on the center of the monitor.

A chin and forehead rest were used to restrict participants’ head movements and to
control the viewing distance to the screen at 55 cm. Responses were collected using a standard
keyboard.

Procedure

All the procedures were conducted in line with the ethical guidelines of the host
institution. Each experimental session was divided into 3 phases. Firstly, after an informed

consent form was signed, participants were asked to fill out a questionnaire about their
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demographic details (e.g., age, sex, and education level). Then they received the task
instructions. In both experimental conditions, participants received the same instructions and
were told that their reward would be contingent upon their performance in the experiment: they
would receive 5€ or course credit for their participation, but they could win up to 5€ more
(depending on their performance). Participants were informed about the value of the monetary
rewards and punishments during the task.

Second, they performed 15 practice trials followed by the main task, which consisted of
50 trials (including the 20 peripheral change trials). The task had a mandatory break in the
middle of the experiment.

Lastly, at the end of the experiment, the participants’ reward was calculated, and they

were paid according to their performance.

Data Preparation

The ocular movement data were visually inspected (trial-by-trial; participant-by-
participant), in order to detect and correct trials with calibrations problems. When a trial was
clearly identified to have a calibration problem, then all the fixation and saccades were
manually adjusted. In total, 2.13% of the trials were corrected.

Following the correction procedure, the mean percentage of time per trial that each
participant spent scanning the peripheral targets across the trials where no change occurred (30
no-change trials) was computed. Note that we included only no-change trials because these are
the ones that had a fixed 20 seconds duration. The trials where a change occurred (change trials)
were designed to have random durations due to the randomization of the moment that the
change started, thus having different durations within and between participants. Therefore,
including the change trials in the ‘vigilance time analysis’, would have created a confound.

Regarding the behavioral data related to the central task (i.e., the foraging activity), the
mean number of hits and misses of the target letters per trial was computed (only in no-change
trials due to the same reasons mentioned earlier).

The capacity to detect peripheral threatening events was measured as the percentage of
correctly detected changes per participant.

Lastly, all the recorded variables were checked for outliers that were identified as values
exceeding 2.5 median absolute deviations (MAD) (Leys, Ley, Klein, Bernard, & Licata, 2013).
These outlier values (< 2% of data in all the analyzed variables) were then altered to be one unit
above the next extreme score on that variable (see Field, 2014).

All the recorded variables were extracted using DataViewer (SR Research).
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Statistical analysis

Regarding the first hypothesis (i.e., vigilance hypothesis; H1), a 2 group design
(experimental condition: individual vs. co-presence condition; between-subjects factor) one-
way MANOVA — with the mean percentage of scanning time, the mean number of hits, as well
as the mean number of misses to the central task, per trial, as dependent variables — was
conducted in order to assess whether the participants in the co-presence condition displayed
significantly different vigilance behavior from those in the group condition. Following a
significant multivariate main effect of the experimental condition, each of the dependent
variables was examined using independent one-tailed Student’s t-tests.

As far as our second hypothesis (i.e., the threatening changes detection hypothesis; H2)
is concerned, the percentage of detected changes were compared in an independent one-tailed
Student’s t-test using the experimental conditions (i.e., individual vs. co-presence condition) as
the between-subjects factor?.

Additionally, to confirm the existence of a trade-off between the two survival activities
of risk-monitoring and foraging in the present study, we conducted 3 simple linear regressions.
The goal was to assess the predictor effect of the mean percentage of scanning time on: (a) the
mean number of hits (i.e., in the letter discrimination task); (b) the mean number of misses (i.e.,
in the letter discrimination task); and (c) the percentage of detected changes in the peripheral
Gabor patches. Specifically, the later analyses allowed us to assess if a higher vigilance

behavior directly translated to a foraging sacrifice.

Results

Regarding our first hypothesis, the one way MANOVA revealed a significant main
effect of the experimental condition (Pillai’s Trace = .18; F(3, 88) = 6.30, p = .001, #p? = .18),
indicating that participants in the individual condition displayed a distinct vigilance behavior
compared to participants in the co-presence condition. In line with our hypothesis, participants
in the individual condition were significantly more vigilant than participants in the co-presence
condition, t(79.81) = 3.01, p = .002 (one-tailed), d = 0.63, 95% CI ].023; +o[, spending on
average 21.08% (SD = 9.56) of the trial time scanning the peripheral targets, whereas the

! Regarding our second hypothesis, we changed the pre-registered statistical analysis plan, including only one
(percentage of detected changes) of the 4 proposed variables (reaction times in detecting the changes, and delay
and velocity of participants’ first saccade to the change location). Due to the general low accuracy in detecting the
threatening changes, we were not able to compute the remaining variables because they were based in a low
number of trials (particularly in the co-presence condition), hence not reflecting reliable values.
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participants in the co-presence condition only scanned for 15.82% (SD = 6.90) of the time (see

Figure 2).

Scanning time

18

Mean %o of time per trial

16 h

14

Indrnidual Co-presence

Experimental Condition

Figure 2: Mean percentage of time spent scanning the peripheral targets. Error bars represent
95% confidence intervals.

In line with the observed vigilance increment, and as predicted, the results revealed a
foraging sacrifice in the individual condition. Specifically, participants in the individual
condition evidenced a significantly lower number of correctly identified letters per trial (M =
11.30; SD =2.48) compared to the participants in the co-presence condition (M = 13.20; SD =
2.52; 1(90) = -3.64, p <.001 (one-tailed), d =.76, 95% CI ]-o0; -1.033[) (see Figure 3).
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Figure 3: Mean number of correct identified letters per trial. Error bars represent 95%
confidence intervals.

Moreover, and also in line with this decrease in foraging, participants in the individual
condition also showed a higher number of non-identified letters per trial (M = 5.27; SD = 1.62)
compared with participants in the co-presence condition (M = 3.92; SD = 1.56; t(90) = 4.08, p
<.001 (one-tailed), d = .85, 95% CI ]1.802; +oo[) (see Figure 4).
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Figure 4: Mean number of non-identified letters per trial. Error bars represent 95% confidence
intervals.

Regarding the change detection hypothesis (H2), the independent one-tailed Student’s
t-test revealed that participants in the individual condition detected significantly more changes
(M = 46.11%; SD = 17.96) than participants in the co-presence condition (M = 38.87%; SD =
17.11; t(90) = 1.98, p =.025 (one-tailed), d = .41, 95% CI ].012; +oo[) (see Figure 5).
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Figure 5: Mean percentage of correctly identified changes. Error bars represent 95%
confidence intervals

Finally, concerning the existence of a trade-off between the two survival activities of
risk-monitoring and foraging, the linear regression analyses revealed that the mean percentage
of scanning time significatively predicts the mean number of hits (R? = .15, F(1, 90) = 17.02, p
< .001), the mean number of misses (R? = .21, F(1, 90) = 24.49, p < .001), and also the
percentage of detected changes (R?> = 0.37, F(1, 90) = 52.13, p < .001). Moreover, when
analyzing the standardized coefficients of the regression models it is possible to conclude that
the higher the mean percentage of scanning time, the lower the mean number of hits (4 = -.40),
the higher the number of the mean number of misses (4 = .46), and the higher the percentage of
detected changes (5 = .61).

Discussion

This experiment was designed to examine how vigilance behavior and the detection of
threat are affected in the presence or absence of others. To this end, we developed a new,
innovative experimental paradigm designed to produce a ‘foraging under threat’ scenario in
order to examine attentional resources allocation. The results confirmed, as predicted, that
higher vigilance levels were manifested in the individual condition compared to the co-presence
condition. Moreover, increased vigilance was negatively correlated with foraging activity,

namely participants in the individual condition devoted less resources (i.e. time) to the central
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letter discrimination task compared to participants in the co-presence condition. Notably, the
increase in vigilance in the individual condition resulted in an enhanced capacity to detect
peripheral changes that represent threatening events compared to the co-presence condition.
Additionally, an increment in the time spent scanning the peripheral targets directly translates
to an impairment of the participants’ performance on the central letter discrimination task. This
confirms the existence of a trade-off between the two survival activities of risk-monitoring and
foraging in the present study, and consequently the suitability of our task in studying vigilance.
The outline of these findings converges with the observational research in the animal behavior
literature (see Beauchamp, 2015), and humans (Barash, 1972; Dunbar et al., 2002; Wawra,
1988; Wirtz & Wawra, 1986). However, the details of our findings, due to the sophisticated and
innovative experimental paradigm, go far beyond these observational studies. They reveal the
dynamic underlying the differentially vigilant behavior displayed in individual and co-presence
conditions.

To understand the possible underlying mechanisms behind the observed effects, we
must first consider previous research on animal behavior. Vigilance, as an alertness state that
governs risk monitoring, appears to have been modulated, to some extent, by evolutionary
regularities (e.g., Beauchamp, 2010). One of these contingences is related to the perceived
threat in the surrounding environment. In many animal species, including human beings, the
imminent occurrence of threatening events induces an increased alertness state (also defined as
a fear-like state; see Ohman & Mineka, 2001), which enhances vigilance (see Beauchamp,
2015). This relation between alertness and vigilance is supported by many animal studies
showing that vigilance is influenced by stress hormone levels, such as cortisol and
norepinephrine (e.g., Hawlena & Schmitz, 2010; Voellmy, Goncalves, Barrette, Monfort, &
Manser, 2014; but see Tkaczynski, MacLarnon, & Ross, 2014). This is further supported by
studies showing that diazepam - a drug that lowers anxiety (and consequently the referred
alertness state) in many vertebrates - significantly reduces the scanning behavior in laboratory
mice (Choy, Yu, Hawkes, & Mayorov, 2012). Another evolutionary contingency relates to the
presence of conspecifics. The regularities across the evolutionary pathway (e.g., group
situations, due to mutual warning or risk dilution, are safer than individual situations; see
Galton, 1871; Hamilton, 1971) may have shaped vigilance to automatically decrease in the
presence of conspecifics (especially in situations when other sources of danger than predators
are absent). Thus, the perception of threat (i.e., predation risk) in prey animals (a major stressor)
decreases in large groups. This was supported, for instance, by Michelena and colleagues
(2012), who evidenced that the amount of circulating cortisol — a hormone related with stress

levels - decreased in sheep living in larger groups. Accordingly, and as already discussed
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previously, vigilance rates also tend to decrease as group size increases (group size effect; e.g.,
Caraco et al., 1980). Notably, this literature shows the effects of the presence of conspecifics.
Hence, we suggest that the results obtained in our study are likely driven by a similar
mechanism. The presence of conspecifics - due to evolutionary regularities, namely repeated
reduction of vigilance and alertness in group situations, becomes functionally autonomous and
Is manifested in reduced alertness whenever conspecifics are present. In turn, this results in
lower vigilance rates and higher foraging activity in the co-presence condition (compared to the
individual condition).

One could also possibly argue that the pattern of results in the co-presence condition
were due to a distraction effect induced by the presence of others (see Baron, Moore, & Sanders,
1978 for related accounts). One argument on the effects of the presence of others suggests that
this constitutes a distraction (e.g., Muller, Atzeni, & Butera, 2004) because participants have to
divide their attention between monitoring the other and the requirements of the task (see Baron,
1986). It is suggested that the presence of others leads to a narrowing of attentional focus. Thus,
performance improves at the expense of peripheral distractor cues in tasks that require the
allocation of attention to a central target (e.g., Muller et al., 2004). In our case, the referred
distraction effect does not fit with the pattern of our findings if one takes into consideration our
methodology and the ocular movement data. In our experiment, it was not possible for
participants to perform both tasks simultaneously (i.e., participants had to allocate their
attention to one task at a time). As such, what we observed in the conspecific condition cannot
be due to reduced performance to the peripheral task. Instead, it reflects a different strategy
employed towards the demands the participants faced (i.e., to what task should | pay most
attention to). This is further attested by the gaze movement data showing that participants in
the co-presence condition (compared to the individual condition) detected more target letters
(more time spent at the central task) and spent less time searching for changes in their periphery.

One noteworthy constraint of the current study, when compared to the animal studies,
is the relationship found with group size and vigilance — the group size effect (e.g., Beauchamp,
2008). The present study had only 3 participants in the group condition. We cannot therefore
say anything about a group size effect in human groups. Nevertheless, the current experimental
paradigm can be easily adapted to larger groups to examine how different group sizes might
shape vigilance in human beings. Such effects could be of considerable relevance for the human
risk-monitoring research field.

Moreover, this study examines a group situation in which the nature of the relationships
does not have any relationship defining feature such as competition or cooperation. This was

because we were concerned with the basic condition of co-presence alone. Obviously,
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additional variables such as the type of interdependences might affect vigilance behavior and
the detection of threat (see Beauchamp, 2015). Thus, the current study constitutes an important
starting point to examine such variations.

In conclusion, this study shows for the first time - using gaze movement data - that
when in a threat-rich context, human beings rely on vigilance strategies and adapt to co-
presence vigilance patterns similar to those observed in other social animal species (Barash,
1972; Dunbar et al., 2002; Wawra, 1988; Wirtz & Wawra, 1986). This research demonstrates
that when in a threat-rich scenario, being alone leads to an increment in vigilance and translates
directly to an improved threat detection capacity. Taken together, these conclusions highlight
the heuristic value of animal behavioral models to study risk-monitoring in human beings, with
a wide range of applications, such as in the case of air-traffic controllers (e.g., Blachman &
Proschan, 1959).
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Abstract

Research on risk-monitoring in human beings has shown that the presence of
conspecifics (compared to individual conditions) reduces the attentional resources allocated to
vigilance, increasing the investment in other survival-relevant activities (e.g., foraging). As
suggested by several studies in diverse animal species and proposed by distinct theories on the
beginning of animal gregariousness, this vigilance reduction may be explained by a perceived
increase in safety in group conditions. In the present study, we aimed to explore this effect in
human beings, assessing whether the presence of conspecifics (compared to an alone condition)
results in lower threat feelings during ambiguous, dangerous situations. Additionally, we also
examined the modulatory effects of distinct threat sources (i.e. dangerous animals or harmful
conspecifics) and different presence conditions (i.e. the presence of 2 friends or 2 strangers) on
the phenomenon mentioned above. In an online-based study, we asked participants to envision
themselves (either alone, in the company of 2 friends, or in the presence of 2 strangers) in
several dangerous scenarios and then rate how threatened they would feel and how likely they
would get harmed in each situation. As predicted, our results showed that participants
(regardless of the threat source) rated the different scenarios as less threatening when they
imagined themselves in the presence of conspecifics compared to when they imagined
themselves alone. These findings support the hypothesis that the presence of conspecifics

reduces vigilance behavior by increasing the participants’ feeling of safety.

Keywords

Risk-perception; Threat; Co-presence; Safety.
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Introduction

Efficiently monitoring the surrounding environment looking for potentially dangerous
stimuli (i.e. vigilance) without neglecting other fitness-relevant activities (e.g., foraging) is
extremely important for many animal species’ survival. Human beings are no exception. They
face a similar attentional trade-off in diverse modern contexts (see Kameda & Tamura, 2007).
As verified in other social animal species (see Beauchamp, 2015), an interesting feature of this
trade-off in human beings is that conspecifics strongly modulate it (e.g., Barash, 1972; Wawra,
1988; Wirtz & Wawra, 1986). Attentional resources (i.e. time) allocated to vigilance tend to
decrease when humans are in the mere presence of conspecifics (compared to when they are
alone), reducing their efficacy in avoiding dangerous events. Nevertheless, by reducing
vigilance, individuals in the presence condition (compared to an alone condition) could invest
more attentional resources in an intake activity analogous to foraging (see Gomes & Semin,
2020). In the research reported here, we aimed to go a step forward, exploring a possible
mechanism behind the modulatory effects of the presence of conspecifics on the trade-off
mentioned above between vigilance and other survival-relevant activities. Specifically, inspired
by a considerable volume of animal research (e.g., Michelena et al., 2012), the present study
examines the hypothesis that the presence of conspecifics automatically induces a feeling of
increased safety (i.e. lower threat risk). Arguably this safety increment reduces the individuals'
alertness and, consequently, the resources allocated to vigilance (for a similar argument, see
Gomes & Semin, 2020). In the following, we first summarized the animal and the few human
findings on the role of conspecifics modulating threat monitoring and coping, turning then to

an overview of the theoretical considerations driving the current research.

Notably, the idea that conspecifics' presence represents an increased safety stems from
the beginnings of the research on gregariousness and vigilance. From the first descriptions of
what is nowadays known as vigilance (e.g., Galton, 1871) until the most influential theories
regarding the beginning of gregariousness in animal species (e.g., the “Geometry for the selfish
herd”; Hamilton, 1971), group contexts (compared to individual situations) were thought to
represent safer scenarios. Although based on different mechanisms, these theories posit that
when in the presence of conspecifics, an individual can either rely on others as additional threat
detection sources (“many-eyes effect” and “mutual warning”’; e.g., Caraco et al., 1980; Galton,
1871; Lima, 1995) and/or as secondary targets for approaching danger (“risk dilution”; e.g.,
Bertram, 1978). Hence, in group situations, an individual's probability of getting injured by a
dangerous stimulus is hypothetically reduced, allowing them to invest less attentional resources

to danger monitoring without compromising safety (see Beauchamp, 2015). This "lower threat
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risk” (i.e. increased safety) is commonly hypothesized as behind the observed vigilance
reduction in group contexts across a wide range of different animal species. These may be
invertebrates (Fordyce & Agrawal, 2001), birds (e.g., Rieucau et al., 2010), or mammals (e.g.,
Blumstein et al., 1999) even including non-human primates (e.g., Gosselin-ildari & Koenig,
2012). Studies showing that active stress hormones (associated with vigilance levels; e.g.,
Hawlena & Schmitz, 2010) are reduced in animals living in larger groups (e.g., sheep;
Michelena et al., 2012) constitute further support for this relation between safety and vigilance

rates.

Arguably, a similar mechanism may also explain the vigilance reduction observed in
human subjects when in the presence of conspecifics. As we hypothesized (Gomes & Semin,
2020), this regularity of reduced threat risk in group contexts (compared to individual
situations) may have shaped threat detection mechanisms throughout our evolutionary history.
Hence, group situations may be automatically assessed, even nowadays, as safer than when we
are alone (see also Barash, 1972; Wirtz & Wawra, 1986). Consequently, vigilance can be
automatically relaxed, which allows the allocation of more attentional resources to other
survival-relevant activities, increasing individuals' fitness. If this is the case, human subjects
should assess ambiguous danger situations as less threatening when in the presence of

conspecifics (compared to when alone).

Although no study has hitherto directly explored how the presence of conspecifics
shapes threat appraisals, some supportive evidence for its role in coping with threat situations
can be found in human studies on social support and social buffering (see Epley, 1974;
Hornstein & Eisenberger, 2018; Kikusui et al., 2006). Research on these fields has shown that
the presence of conspecifics playing a supportive social role (e.g., friends, romantic partners,
parents, etc.,), but not strangers, reduces or mitigates psychological and physiological responses
to threat (e.g., Kiyokawa et al., 2007; Thorsteinsson & James, 1999). Additionally, social
support figures' presence also affects fear learning processes by reducing fear acquisition and
enhancing fear extinction (see Hornstein et al., 2016, 2018). As Hornstein and Eisenberger
(2018) argue in an analogy to the preparedness theory* (Seligman, 1971), social supporters seem
to constitute an innate stimulus category that automatically signals safety (i.e. preparedness for
safety; see Jacobs & LoLordo, 1977). Hence, their presence dampens the responses to

dangerous stimuli (see Hornstein & Eisenberger, 2018). However, this research neither explores

1 Which posits that stimuli that provided threats to the survival of our phylogenetic ancestors (e.g., deadly
predators, heights, or wide-open spaces) are more likely to be feared than contemporary threats (e.g., weapons,
motorcycles, or damaged electric equipment) frequently found in our environment (Seligman, 1971).
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the modulatory effects of conspecifics on threat appraisals nor provides a concrete explanation
for reducing vigilance rates observed in our previous study. In Gomes and Semin (2020), the
mere presence condition was manipulated, leading the participants to perform the experiment

in the presence of two strangers (i.e. confederates) that did not represent social support figures.

Hence, in the present study, our goal was to shed light on the modulatory effects of the
presence of conspecifics (compared to individual situations) in threat appraisals during
ambiguous, dangerous situations (i.e. scenarios where a threatening event is about to occur).
The distinct modulatory roles of social support figures (i.e. friends) and strangers and the effects
of different threat sources (i.e. animal versus socially dangerous stimuli) were also explored.
To achieve our goal, we asked participants to envision themselves in several dangerous
scenarios by exposing them to short threatening vignettes (involving either dangerous animals
or potentially harmful conspecifics). In each scenario, they had to imagine themselves alone, in
the company of 2 friends, or in the presence of 2 strangers. Their task was to rate (1) how
threatened they would feel and (2) the likelihood of getting harmed in each situation. Although
these two questions may be highly correlated, our aim in using both was to collect across the
three presence conditions: (1) a subjective measure of threat (i.e. feeling threatened); and also
(2) a measurement of the participants' perception about the objective consequences of being

exposed to dangerous stimuli (i.e. probability of getting injured).

Importantly, we acknowledge that a scenario study (also known as imagery; e.g., J. D.
Mayer et al., 1995) constitutes an inherently different situation compared to an experiment in
vivo. The imagery case seems to depend on the participants’ imagination and interpretation of
the different scenarios' content, which may not result in equally vivid experiences for all the
subjects (see Zhang et al., 2014). However, a wide range of research has shown that imagery is
a robust method to induce emotional/alertness states (see Siedlecka & Denson, 2019). Several
studies have shown that inducing fear (a threat-related emotional state; e.g., Adolphs & Andler,
2018) with this method not only increases participants feelings of fear but also modulates startle
response, respiration rate, heart rate, and skin conductance consistent with a fear response (e.g.,
Cuthbert et al., 2003; Vrana & Lang, 1990). Moreover, previous research on threat appraisals
in different contexts also confirmed that imagery is effective in triggering threatening feelings

in the participants (e.g., Muris et al., 2008; Reuman et al., 2015).

Building upon the animal vigilance research and the observed vigilance reduction in
human groups, we hypothesized (H1) that participants will judge a dangerous situation that is
ambiguous less threatening if the situation involved the presence of conspecifics compared to

being in the situation alone. Relying on earlier work on social support, we also hypothesized
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(H2) that if the co-presents are friends rather than strangers, participants will express less threat
(e.g., Hornstein & Eisenberger, 2018). Finally, we made no predictions regarding the potential
sources of danger (i.e. dangerous animals or harmful conspecifics).

Method
Participants

One hundred and sixty volunteers gave their informed consent to participate in an online
experiment. Three participants had to be excluded because their native language was not
Portuguese, leaving 157 participants (63 females) aged between 18 and 35 (Mage = 23.40 years;
SD = 4.02). All participants were recruited through the Prolific Academic crowdsourcing
platform and were pre-screened for current psychiatric/neurological disorders.

Participants were randomly assigned to one of two threat source conditions: 82
participants (33 females), aged between 18 and 35 (Mage = 23.23 years; SD = 3.95), were given
vignettes with dangerous animals; 75 participants (30 females), also aged between 18 and 35
(Mage = 23.58 years; SD = 4.11) were given vignettes with harmful conspecifics.

We could not estimate a priori an effect size as there were no previous studies on the
influence of the presence of conspecifics on threat appraisals. Instead of a formal power
analysis, we defined our minimum sample size based on Brysbaert’s (2019) guidelines.
Considering our effect of interest (i.e. a main effect of the presence condition; a within-subjects
factor with 3 levels, where 2 of these levels were expected to have similar data patterns), and
assuming a d = .4 and a power of .8, we established a minimum of 75 participants per threat

source condition.

The study was approved by the local ethics committee and followed the guidelines of
the Declaration of Helsinki.

Design and manipulation

The current study employed a mixed 2x3 factorial design with the threat source
(dangerous animals, harmful conspecifics) as a between-subjects factor and the presence

condition (alone, with 2 friends, with 2 strangers) as a within-subjects factor.
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Vignettes preparation

To create the dangerous scenarios in which participants were asked to immerse
themselves, we prepared 24 ambiguous threatening vignettes (12 describing events involving
potentially dangerous animals and 12 involving potentially harmful human beings; the full set

of vignettes appears in appendix A).

The vignettes' effectiveness in inducing a threatening feeling was tested, comparing
them to their neutral version (created by replacing the dangerous event with a neutral one) in a
pilot study. Specifically, 54 participants (39 men), aged between 18 and 34 (Mage = 22.80 years;
SD = 3.74), were asked to immerse themselves in 16 (randomly selected) of the possible 48
scenarios (24 threatening and 24 neutral vignettes). Their task was to assess, using a 0-100
slider (ranging from 'Not at all threatened' to 'Very threatened'), how threatened they were
likely to feel in each scenario. Each vignette was rated 18 times, which were then averaged to
create a threatening score per vignette. A dependent Student’s t-test revealed that threatening
vignettes (M= 81.32; SD= 9.85) were rated as significantly as more threatening (t(23)= 25.42,
p <.001, 95% CI [64.21; 75.64]) than their neutral versions (M= 11.37; SD= 8.49). Moreover,
all threatening vignettes presented average scores higher than 63 points, indicating that they did

induce an above-average feeling of threat in the participants.

It is also important to note that participants were asked to imagine themselves being
alone in all these vignettes. In the main experiment, the vignettes could contain additional

information indicating the presence of either 2 friends or 2 strangers.

Procedure

Participants were randomly assigned to one of the threat source conditions (i.e.
vignettes involving dangerous animals or harmful conspecifics) after giving their informed
consent and completing a short sociodemographic questionnaire. Each participant was exposed
to 12 vignettes corresponding to the threat source condition in which he/she was taking part.
The 12 vignettes were randomly distributed by the 3 presence conditions so that each participant
had 4 vignettes in each presence condition. The same vignette was never presented in more than

one presence condition.

Participants' task was to immerse themselves in the scenario described in each vignette
and attend to all the details of the story. Then, using separated sliders (0-100 points), they had
to assess (1) how threatened they would feel and (2) how likely it would be for them to get

harmed in each situation.
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After assessing all the vignettes, participants were asked to identify the task's goal to
understand whether they were aware of the study's objective and hypotheses. Less than 12% of
the participants were able to determine what was being examined in the experiment. As their
exclusion/inclusion in the final analyses did not change the observed data pattern, these

participants were included in all the analyses.

Data was collected online using the experiment builder Gorilla (Anwyl-Irvine et al.,
2020).

Statistical analysis

To examine our hypotheses, two separate linear mixed models (LMM; one for the
subjective threat feeling and the other for the perceived probability of getting injured) were
performed. The data's normality and homoscedasticity were examined using skewness and
kurtosis values, and through a visual inspection of the residual plots, and found not to be
violating these assumptions. For both LMMs, the subject ID was entered as a clustering
variable, the participants' sliders responses constituted the dependent variable, and the threat
source (i.e. dangerous animals vs. harmful conspecifics; between-subjects) and the presence
condition (i.e. alone vs. 2 friends vs. 2 strangers; within-subjects) were the model predictors.
As fixed effects in the models, the main effects of the threat source and the presence condition,
as well as their interaction, were considered. As the random effect, and to adequately consider
inter-individual variability, we consider random intercepts per subject. Moreover, post hoc

comparisons were performed using the Bonferroni correction procedure.

The models were estimated using restricted maximum likelihood, and a Satterthwaite
approximation of the degrees of freedom was considered (see West, 2009). The analyses were
performed using the GAMLj module (Gallucci, 2019) implemented with the jamovi software

(The jamovi project, 2019).

Results

Regarding the participants’ subjective threat feeling (i.e. the answer to the question
“How threaten would you fell in this situation? ), the LMM analysis (R%marginal =.01; R%conditional
= .41) revealed a significant main effect for the presence condition [F(2, 1723) = 14.85; p <
.001]. As predicted (H1), post hoc comparisons showed that participants imagining themselves
alone reported feeling significantly more threatened (M = 80.49; SE = 1.33) than when they
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imagined themselves in the company of 2 friends (M = 77.03; SE = 1.33; t(1723) = 3.55; p =
.001; 95% CI [1.55; 5.37]) or in the presence of 2 neutral strangers (M = 75.27; SE = 1.33;
t(1723) =5.36; p <.001; 95% CI [3.31; 7.13]). Nevertheless, contrary to what was hypothesized
based on the social supported literature (H2), no significant differences were evidenced between
the 2 friends and the 2 strangers conditions (t(1723) = 1.80; p = .215; 95% CI [-.15; 3.67]),
indicating that these two different presence conditions did not modulate participants' threat
appraisals distinctively (see figure 1). Additionally, the LMM did not show a main effect of the
threat source [F(1, 155) = .48; p = .490], or a significant interaction between the threat source
and the presence condition [F(2, 1723) = 3.00; p = .123]. These results pointed out that the

threat source (i.e. animal or social) did not influence participants’ threat appraisals.

oo
]
1

Threatening Feeling

Alone 2 Friends 2 Strangers

Presence Condition

Figure 1: Mean threatening feeling per presence condition. Error bars represent 95%
confidence intervals.

Concerning the participants' perceived probability of getting injured (i.e. the answer to
the question "How likely would it be for you to get harmed in this situation?"), the LMM
analysis (R2marginal =.01; R%conditional = .33) also showed a significant main effect of the presence
condition [F(2, 1723) = 10.49; p < .001]. Similar to the previous presented results and
confirming H1, post hoc comparisons showed that participants imagining themselves alone
reported significantly a higher perceived probability of getting harmed (M = 64.90; SE = 1.50)
than when in the company of 2 friends (M = 61.07; SE = 1.50; t(1723) = 3.09; p = .006; 95%
ClI [1.40; 6.26]) or the presence of 2 neutral strangers (M =59.35; SE = 1.50; t(1723) = 4.47; p
<.001; 95% CI [3.12; 7.97]). Once again, contrary to H2, no significant differences were found
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between the 2 friends and the 2 strangers conditions (t(1723) = 1.38; p = .501; 95% CI [-.72;
4.14]), indicating that these two different presence conditions did not modulate distinctively
participants' perceived probability of getting harmed (see figure 2). Moreover, no significant
main effect of the threat source F(1, 155) = 1.10; p = .297], neither a significant interaction
between threat source and presence condition F(1, 1723) =.37; p =.691] were found, indicating
once again that the threat source (i.e. animal or social) did not influence the participants'

perceived probability of getting harmed.

65 7

60 7

Probability of Getting Injured

Alone 2 Friends 2 Strangers

Presence Condition

Figure 2: Mean perceived probability of getting harmed per presence condition. Error bars
represent 95% confidence intervals.

Discussion

The present study was designed to examine the role of the presence of conspecifics
(compared to an individual condition) in shaping threat appraisals of ambiguous, dangerous
situations. Additionally, possible modulatory effects of different presence conditions (i.e. the
presence of 2 friends or 2 strangers), as well as distinct threat sources (i.e. dangerous animals
or harmful conspecifics), were also explored. To this end, participants on an online-based
experiment were led to envision themselves alone, in the company of 2 friends, or in the
presence of 2 strangers in several potentially dangerous scenarios (involving dangerous animals
or harmful conspecifics). Their task was to rate how threatened they would feel and how likely

they would get harmed in each situation.

The results showed that participants were less threatened when they imagined

themselves in the presence of conspecifics compared to when they imagined themselves alone,
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confirming our main hypothesis (H1). These results support the notion that the presence of
conspecifics is automatically perceived as a signal of increased safety. From an evolutionary
point of view, and considering the case of our species, which have rather limited size, speed,
and strength (when compared, for instance, to several predator species), living in a group
context might have been a necessary step to increase our survival (Wilson, 2007). By living
together in a group defending ourselves, we had the chance to spend more attentional resources
(i.e. time) on survival-relevant activities (e.g., foraging and reproduction) aside from
monitoring danger without compromising safety. This may have increased individual fitness
and survival. Due to this regularity of lower threat-risk in group conditions throughout our
evolutionary pathway, it is not surprising that the presence of conspecifics is still nowadays
able to increase the feeling of safety (for a similar argument see Cacioppo et al., 2006).
Arguably, this can reduce individuals' alertness and, consequently, the attentional resources
allocated to defense strategies (e.g., vigilance behavior; Gomes & Semin, 2020; Wirtz &
Wawra, 1986). Interestingly, the presence of others still seems to play a crucial role in our
present-day well-being. Several studies have evidenced that perceptions of social isolation (i.e.
loneliness) not only increase vigilance for social threat, heightening feelings of vulnerability
but also are thought to be one of the causes of increased morbidity and mortality, also
potentiating psychological (e.g., psychosis) and neurological (e.g., dementia) disorders in
human beings (for a review see Hawkley & Cacioppo, 2010).

Additionally, our results showed that the observed effect of the presence of conspecifics
on threat appraisals was neither modulated by distinct threat sources (i.e. inter or intraspecific
threats; see E. Mayer, 1974) nor by the different conditions where conspecifics were present
(i.e. the company of 2 friends or the presence of 2 strangers). Regarding threat sources (i.e.
dangerous animals or harmful conspecifics), the absence of any significant results perhaps just
indicates that the presence of conspecifics led to a general state of increased safety irrespective
of what a dangerous stimulus may be. This is congruent with the different hypothetical
mechanisms explaining a safety increment in group conditions. The presence of conspecifics is
thought to reduce threat risk because others can act as additional threat detection sources
(“many-eyes effect”; e.g., Caraco et al., 1980; Galton, 1871; Lima, 1995) or secondary targets
for danger (“risk-dilution”’; Bertram, 1978). Thus, regardless of the threat source, the presence
of non-dangerous conspecifics will result in a lower individual probability of getting injured,

automatically resulting in a lower perceived threat risk when compared to individual situations.

Regarding the different conditions where conspecifics were present, the absence of

significant differences between imagining themselves in the company of 2 friends or 2 strangers
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contradicts our second hypothesis (H2), and, at first sight, the literature on social support and
social buffering (e.g., Epley, 1974; Hornstein & Eisenberger, 2018; Kikusui et al., 2006). As
aforementioned, previous studies on these two overlapping research fields have pointed out that
the presence of social support figures, but not strangers, reduce the participants' response to
threatening events, mitigate their physiological consequences, and also impact the aversive
(fear) learning processes (e.g., Hornstein et al., 2016, 2018; Kiyokawa et al., 2007
Thorsteinsson & James, 1999). However, in the present study, what was assessed was not the
participants' coping response to a threatening event that already occurred, but their perception
of the probability of an imminent danger affecting them (risk perception). Indeed, the
distinction between these two processes may explain the absence of differences between the 2
presence conditions evidenced by our results. Concerning perceived risk and attending to the
“many-eyes” and the “risk-dilution” effects, the presence of non-threatening conspecifics in
general (either social supporters or strangers) can be considered as a source of increased safety.
As already mentioned, they can either emit sensory cues alerting and preparing others for the
presence of threat stimuli (e.g., Gomes & Semin, under review) or dilute the threat risk by acting
as potential alternative targets for a possible danger source. However, once the dangerous event
takes place affecting the individual (i.e. threat coping), the presence of stranger conspecifics
may no longer mean increased safety or support. As strangers have no social connection to the
individuals, they may focus on protecting themselves, in detriment of contributing to the safety
of the species in general — an argument somehow compatible with the premises of the "Selfish
Gene" proposed by Dawkins (1990)2. Consequently, the presence of stranger conspecifics may
not aid the individual in coping with the threat source. On the other hand, humans seem to have
evolved to form strong social connections to increase their survival chances (see Hawkley &
Cacioppo, 2010). Thus, social supporters (e.g., friends), which are part of the individual's social
network, may act to protect or help him cope with threat stimuli for the group’s well-being (see
Hornstein & Eisenberger, 2018). We believe that these differences between risk-perception and
threat-coping processes may be the reason behind the presence of strangers being enough to
reduce the perceived probability of danger but not to buffer the effects of a dangerous event
that already took place. However, this argument remains purely speculative in need of future
research to explore it.

2 As well described by Cacioppo and colleagues (2006; p. 1055): “...the world of the selfish gene is generally
one of savage competition, ruthless exploitation, and deceit. Even apparently collective actions that foster
survival, such as fish swimming in schools, can be explained in terms of individual self-interest. When sardines
are predated, they form a dynamic fish ball as a last means of defense. The emergence and unfolding of this
collective action can be explained by a single, selfish rule: Swim to the middle”.
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It is important to note that this study was conducted online, asking participants to
envision themselves in different scenarios (i.e. imagery) rather than experience them in vivo.
Although imagery (e.g., Siedlecka & Denson, 2019) has been proven to be a robust method to
induce threat-related feelings, exposing participants to Lab controlled experiments with
different simulations of threatening events (e.g., imminent monetary or electric punishments)
might strengthen the confidence in our findings. Furthermore, all the participants' responses
were obtained by self-report, being then subjective. Even though the subjective feelings are
considered a critical part of the threat/emotional experience (e.g., Barrett, 2006), future studies
should consider using physiological measures (e.g., galvanic skin response) to complement
self-reported data. Additionally, taking into account the vigilance literature and the well-known
group size-effect (i.e. the attentional resources allocated to risk-monitoring are inversely
correlated to the number of conspecifics present; see Beauchamp, 2015), an interesting avenue

for future research may also be to explore the effect of different group sizes on threat appraisals.

In conclusion, this study shows for the first time that the presence of conspecifics (i.e.
strangers or friends) reduced the perceived threat risk (i.e. increased safety) in ambiguous,
dangerous scenarios (either involving dangerous animals or harmful conspecifics). This finding
supports the notion that, by triggering a feeling of increased safety, the presence of conspecifics
(compared to individual conditions) arguably reduces individuals' alertness, and consequently,
the resources devoted to vigilance in group conditions (see Gomes & Semin, 2020; Wirtz &
Wawra, 1986).
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Appendix A

Threat source

Portuguese Version

English Translation

Animal

Num encontro universitario fomos acampar
num parque natural. Num dos dias decidi dar
um passeio pela mata sozinho(a). Durante o
passeio ouvi um som estranho na folhagem.
Quando olhei com atencdo estava uma cobra
a minha frente a encarar-me...

At a university meeting, we went camping in
a natural park. On one of the days, | decided
to take a walk through the woods alone.
During the walk, I heard a strange sound in the
foliage. When | looked closely, there was a
snake in front, staring at me ...

Animal

Decidi participar numa corrida de orientacao
sozinho(a). Durante a prova, enquanto subia
numa estrada de mato bastante inclinada
reparei num movimento entre os arbustos. De
repente estava um javali @ minha frente...

| decided to participate in an orientation race
alone. During the race, while climbing a fairly
sloping bush road, | noticed a movement
between the bushes. Suddenly, there was a
boar in front of me ...

Animal

Numa viagem a Australia fiquei alojado num
bungalow sozinho(a). Num determinado
momento apercebi-me da presenca de vérias
teias por baixo da cama. Olhando com atengdo
vi uma aranha enorme...

On a trip to Australia, | stayed in a bungalow
by myself. At one point, | noticed the presence
of several webs under the bed. Looking
closely, | saw a huge spider ...

Animal

Durante uma caminhada num parque natural
sozinho(a), ouvi uma agitagdo ndo muito
longe de mim. As colunas do parque
comegaram entdo a emitir um aviso em que
pediam a calma e informavam que um dos
lobos da reserva tinha rompido a vedacéo e se
encontrava solto...

During a walk in a natural park alone, | heard
a stir not far from me. The columns of the park
then began to issue a warning in which they
asked for calm and informed that one of the
wolves of the reserve had broken the fence
and was loose...

Animal

Num fim de semana decidi fazer uma
caminhada na Serra de Portalegre sozinho(a).
Quando estava de regresso ouvi um barulho
estranho atras de mim. Quando olhei para tras,
estava um lobo a encarar-me de frente...

One weekend | decided to go hiking in Serra
de Portalegre alone. On my way back, | heard
a strange noise behind me. When | looked
around, a wolf was staring at me...

Animal

Durante as minhas férias de verdo em Sintra,
decidi fazer um trilho de bicicleta sozinho(a).
A meio do caminho, um dos pneus ficou
vazio. Sai da bicicleta e enquanto tentava
reparar 0 pneu, vi um movimento entre 0s
arbustos e, de forma repentina, apareceu um
javali que comecou a caminhar na minha
direcgéo...

During my summer vacation in Sintra, |
decided to take a bike trail by myself. Midway
through, one of the tires went empty. | got off
the bike, and while trying to repair the tire, |
saw a movement between the bushes and,
suddenly, a boar appeared and started walking
towards me ...

Animal

Numa viagem ao Ribatejo, fiquei alojado
numa quinta. Nesse mesmo dia, houve uma
largada de touros para inaugurar as festas da
aldeia, sendo que um dos touros fugiu. No dia
seguinte, quando estava a sair do alojamento
sozinho(a) , deparei-me com o touro, que me
fitava de frente...

On a trip to Ribatejo, | was lodged on a farm.
That same day, there was a bull race to
inaugurate the village festivities, and one of
the bulls fled away. The next day, when | was
leaving the accommodation alone, | came
across the bull, facing me...




Animal

Num passeio na Serra da Arrabida encontrei
uma gruta com uma bela vegetacdo. Decidi
entrar e explora-la sozinho(a). Depois de
andar alguns metros dentro da gruta,
comegaram a aparecer imensas teias de aranha
penduradas no teto. Foi entdo que senti que
alguma coisa me tocava na cabega...
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On a walk in the Serra da Arrabida, | found a
cave with beautiful vegetation. I decided to go
in and explore it by myself. After walking a
few meters inside the cave, huge cobwebs
hanging from the ceiling began to appear.
Then, | felt that something was touching my
head ...

Animal

O ano passado viajei para o Havai para surfar
sozinho(a). Durante uma tarde em que estava
no mar a espera de uma boa onda, avistei uma
forma ao longe, que se assemelhava a uma
barbatana de tubardo e que vinha na minha
diregdo...

Last year | traveled to Hawaii to surf alone.
During an afternoon, when | was at sea
waiting for a good wave, | saw a shape in the
distance, which resembled a shark fin and was
coming towards me ...

Animal

Um circo chegou a aldeia e preparava-se para
apresentar o primeiro espetéaculo, para o qual
eu ja tinha comprado bilhetes. Quando estava
a porta a preparar-me para entrar sozinho(a),
gerou-se  um burburinho e um dos
trabalhadores do circo anunciou, recorrendo a
um megafone, que um ledo tinha fugido da
jaula e se dirigia para a entrada do circo...

A circus arrived in the village and prepared to
present the first show, for which I had already
bought tickets. When | was at the door
preparing to enter alone, a buzz was
generated, and one of the circus workers
announced, using a megaphone, that a lion
had escaped from the cage and was going to
the entrance to the circus ...

Animal

Inscrevi-me num retiro espiritual publicitado
na internet. Fiquei alojado numa cabana de
madeira  sozinho(a), entre riachos e
montanhas. Durante a noite, ouvi varios
barulhos estranhos. Quando me levantei da
cama, deparei-me com uma cobra que tentava
entrar por baixo da porta...

I signed up for a spiritual retreat advertised on
the internet. 1 was lodged in a wooden hut
alone, between streams and mountains.
During the night, | heard several strange
noises. When | got out of bed, | came across a
snake trying to get under the door ...

Animal

Num dia de sol, decidi fazer um piquenique no
Campo Grande sozinho(a). Pousei o cesto da
comida, estendi a toalha e sentei-me a
observar a paisagem. De repente 0 cesto
comecou a abanar. Foi entdo que vi 0 que
parecia ser uma cobra a entrar nele...

On a sunny day, | decided to have a picnic in
Campo Grande alone. | put down the food
basket, stretched out the towel, and sat
watching the scenery. Suddenly the basket
started to shake. That's when | saw what
appeared to be a snake entering the basket...

Social

Ja era tarde da noite e eu encontrava-me numa
praca isolada sozinho(a) a caminhar em
direcdo ao carro. De repente apercebi-me que
caminhava atrds de mim um individuo com
um objeto pontiagudo na mio...

It was late at night, and | found myself alone
in an isolated square, walking towards the car.
Suddenly 1 realized that an individual was
walking behind me with a sharp object in his
hand ...

Social

De madrugada, ap6s uma saida a noite, estava
a pé pelaruasozinho(a). Reparei que havia um
individuo uns metros a frente a encarar-me.
Decidi virar numa rua a direita e ele comecou
a caminhar atras de mim...

At dawn, after a night out, | was walking down
the street alone. | noticed that there was an
individual a few meters ahead, staring at me. |
decided to turn into a street on the right, and
he started walking behind me ...
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Social

Um casal amigo regressou a Portugal e
convidou-me para um jantar. Apés o jantar, ja
tarde, desloquei-me a pé para casa sozinho(a).
Estava bastante escuro e ainda faltavam uns 2
quilémetros para 0 meu destino. Na rua, a
minha frente, surgiu um individuo com um
aspeto duvidoso que me chamou...

A couple of friends returned to Portugal and
invited me to dinner. After dinner, already
late, 1 walked home by myself. It was quite
dark, and my destination was still 2 kilometers
away. In the street, in front of me, an
individual with a dubious look appeared and
called me...

Social

Ap6s um dia de trabalho até tarde, desloquei-
me ao local de estacionamento habitual
sozinho(a). O caminho que normalmente fazia
encontrava-se impedido, pelo que tive de
optar por um alternativo. Ja a meio caminho,
percebi que me encontrava numa rua estreita
onde tinham sido reportados varios assaltos no
ultimo més...

After one day of work until late in the
afternoon, | went to the usual parking spot
alone. The path | usually took was blocked, so
I had to choose an alternative. Halfway
through, | realized that | was on a narrow
street where several robberies had been
reported in the last month ...

Social

Apbs um longo dia de trabalho, apanhei o
autocarro noturno de regresso a casa. Quando
entrei no autocarro sozinho(a), apercebi-me
que alguém me observava. Desci na minha
paragem e esse individuo saiu a0 mesmo
tempo que eu, seguindo-me. Trazia um objeto
brilhante na mao...

After a long day at work, | took the night bus
back home. When | got on the bus alone, |
realized that someone was watching me. | got
off at my stop, and this guy left at the same
time, following me. He had a shiny object in
his hand ...

Social

Quando regressava a casa sozinho(a), reparei
que 0 autocarro estava anormalmente vazio.
Na paragem a seguir entrou um individuo que
se sentou no banco atras de mim a ler o jornal.
Repentinamente, senti algo pontiagudo a
tocar-me nas costas. ..

When | was returning home by myself, |
noticed that the bus was abnormally empty. At
the following stop, an individual entered the
bus, sitting on the bench behind me reading
the newspaper. Suddenly, | felt something
sharp touching my back ...

Social

Tarde da noite, apds uma saida com uns
amigos, ia a descer as ruas do Bairro Alto
sozinho(a). Ao virar uma esquina, deparei-me
com uma situacdo que parecia ser um assalto
com arma branca. Parei sem saber o que fazer,
até que o suposto assaltante comegou a
caminhar na minha dire¢2o...

Late at night, after going out with friends, |
went down the Bairro Alto streets alone.
When | turned a corner, | came across a
situation that appeared to be a robbery with a
knife. I stopped without knowing what to do
until the alleged burglar started walking
towards me ...

Social

No ultimo semestre, houve um dia que fiquei
a estudar até tarde na Universidade e s6
consegui apanhar o Gltimo metro de regresso
a casa. Nessa noite o metro estava
praticamente vazio, estando apenas la eu e um
individuo estranho que comegou a aproximar-
se com uma mao dentro do casaco...

In the last semester, there was a day that | was
studying late at the university, and | only
managed to catch the last train back home.
That night the train was nearly empty. There
was just me and a strange guy, who started
approaching me with one of his hands inside
the jacket ...

Social

Nas férias de verdo decidi fazer campismo
selvagem sozinho(a). Estava muito calor e
decidi sair da tenda para encher o cantil no rio.
De repente, ouvi um barulho entre os arbustos
e vi fumo. Reparei num individuo que parecia
estar a atear um incéndio. Quando ele me viu,
correu na minha direg@o. ..

In the summer holidays, | decided to go wild
camping alone. It was scorching, and |
decided to leave the tent to fill the canteen in
the river. Suddenly, | heard a noise between
the bushes and saw smoke. | noticed an
individual who seemed to be starting a fire.
When he saw me, he started running towards
me ...




Social

Precisava de umas férias, e como destino
escolhi o Rio de Janeiro, apesar da taxa de
violéncia alta. Num passeio pela cidade perdi-
me numa rua movimentada e acabei por virar
num local estranho e isolado onde fiquei
sozinho(a). Quando dei por isso, estava a
entrar numa favela, onde fui barrado(a) por
um individuo armado que me comegou a
questionar sobre o motivo de estar ali...
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I needed vacations, and as a destination, |
chose Rio de Janeiro, despite the high
violence rates. On a walk through the city, |
got lost in a busy street and ended up turning
into a strange and isolated place where | was
alone. When 1 realized it, | was entering a
favela, where | was stopped by an armed
individual who started to question me about
the reason for being there ...

Social

Apds um dia de trabalho até tarde, desloquei-
me ao local de estacionamento sozinho(a).
Quando estava a entrar no carro, vi um vulto
no reflexo do vidro que se movia rapidamente
na minha direcdo...

After a late working day, | went to the parking
place alone. When | was getting into the car, |
saw a figure in the reflection of the glass
moving quickly towards me ...

Social

Apb6s uma sessdo de cinema ia a atravessar
uma passadeira sozinho(a), quando recebi
uma mensagem no telemével. Um ndmero
gue ndo conhecia tinha acabado de me enviar
uma foto minha a atravessar a passadeira
naquele preciso momento, acompanhada de
uma ameaga...

After a movie session, | was alone going to
cross the street in the crosswalk when |
received a message on my cell phone. A
number | didn't know had just sent me a
picture of me crossing the street at that very
moment, accompanied by a threatening
message ...
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Abstract

Recent research has shown that, as with other social species, the mere presence of conspecifics
shapes humans' vigilance behavior. Arguably, the presence of conspecifics can represent an
increase in safety, automatically reducing attentional resources (i.e. time) allocated to vigilance.
However, animal studies have also shown that this phenomenon may be modulated by the group
context. For instance, in adverse group contexts (e.g., highly competitive environments) the
presence of conspecifics can no longer be perceived as a safety signal (i.e. group members
competing for scarce resources), enhancing vigilance. On the other hand, a cooperative context
can represent a signal of increased safety, reducing vigilance, and increasing the resources
allocated to intake activities (e.g., foraging). However, little is known about how different group
contexts shape human vigilance and, consequently, their threat detection efficiency. The present
study (N= 67) examined how a competitive or a cooperative context (vs. a mere presence
condition) shapes human vigilance strategies and threat detection in human beings. We relied
on a paradigm that simulates a “foraging under threat” situation in the lab, along with an eye-
tracker, to examine the attention allocation. The results showed that perceiving conspecifics as
competitors or cooperators (vs. a mere presence condition) neither modulated vigilance
behavior nor threat detection capacity. These results, together with earlier research, suggest that
the role of competitive and cooperative contexts in shaping individuals’ vigilance strategies

depends on the interaction and observation of the behavior of other conspecifics.
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Introduction

In order to maximize survival chances, animal species (human beings included)
developed strategies to efficiently trade-off their attentional resources between intake activities
(i.e., foraging) and monitoring their surroundings for signals of threat (i.e. vigilance; see
Beauchamp, 2015). Uncovering the variables that modulate such trade-off represents an
important step to understand threat detection mechanisms (e.g., Kameda & Tamura, 2007;
Ohman & Mineka, 2001). However, little is known about vigilance behavior in the human
species. The few existing studies indicate that, as in other social animals (e.g., birds and
mammals; Bertram, 1980; van Schaik et al., 1983), humans’ vigilance behavior, namely threat
detection can be modulated by the presence of conspecifics. The mere presence of conspecifics
(compared to their absence) reduces the attentional resources allocated to vigilance and

enhances intake activities (e.g., Gomes & Semin, 2020).

Nevertheless, the presence of conspecifics may modulate vigilance behavior in different
ways as a function of the dynamics of the group context. In other words, distinct group
properties may trigger distinct vigilance strategies. To understand how conspecifics shape
individual vigilance strategies and threat detection it is important to understand how different
group contexts drive vigilance behavior. In the study reported in this chapter, we attempted to
go beyond the simple presence condition (i.e. mere presence) by leading participants to perceive
two confederates as either competitors or cooperators (versus a mere presence condition). We
anticipate the present study's findings already, as the moderation of the group dynamics by the
cooperation and competition mindsets did not affect vigilance strategies or detection capacities.
The absence of significant differences led us to a speculative discussion of the possible reasons
behind the lack of group context effects in this study as well as to a set of considerations for
future studies. Below, we first introduce the animal and human findings that have led the

research reported here, followed next with a brief description of the results we were expecting.

As mentioned already, animal research on detecting threat and foraging revealed that
the presence of conspecifics reduces in general vigilance and enhances intake activities (see
Beauchamp, 2015). Arguably, individuals can rely on others as additional threat detection
sources (mutual warning, e.g., Caraco et al., 1980; Galton, 1871; Lima, 1995) and/or as
secondary targets for approaching predators (risk dilution, e.g., Bertram, 1978). Thus, group
situations appear to be perceived as safer than individual situations, allowing individuals to
relax vigilant states (Beauchamp, 2015). In fact, this was confirmed for a wide range of species,

including some invertebrates (e.g., Fordyce & Agrawal, 2001), birds (e.g., Beauchamp &
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Livoreil, 1997; Radford & Ridley, 2007), mammals (e.g., Blumstein et al., 1999), and even
primates (e.g., Gosselin-ildari & Koenig, 2012; van Schaik et al., 1983).

Unfortunately, vigilance research has rarely focused on human subjects. The few studies
that exist seem to generalize the findings from animal research to human beings. As in the case
of other species, humans seem to display vigilance behavior (e.g., Barash, 1972; Wawra, 1988;
Wirtz & Wawra, 1986) when facing a trade-off between intake activities and danger monitoring
(Gomes & Semin, 2020; Kameda & Tamura, 2007). Interestingly, the resources allocated to
vigilance (e.g., time) increase proportionally as the threat risk increases (e.g., higher costs in
failing to detect threat stimuli or more frequent threat stimuli encounter; Beauchamp, 2020;
Kameda & Tamura, 2007), supporting the relationship between vigilance and threat detection
in our species (but see Dunbar et al., 2002). Moreover, as we have shown recently, the mere
presence (vs. absence) of conspecifics modulates the aforementioned trade-off between
foraging and vigilance (Gomes & Semin, 2020). In the mere presence of individuals,
participants spent less time being vigilant, reducing the likelihood of detecting threatening
changes and increasing their resources allocated to intake activities. As we argued (Gomes &
Semin, 2020), the mere presence condition, may have been automatically perceived as safer
compared to the alone condition (see also chapter Ill), reducing participants’ alertness to

danger, and consequently, the time spent being vigilant.

Nevertheless, in natural environments, the presence of conspecifics is not always
perceived as a signal of safety. Animal research has been highlighting that, for instance, in
highly competitive contexts, the presence of conspecifics can be treated as a signal of danger,
resulting in a vigilance enhancement (see Treves, 2000). For instance, in bird species, higher
vigilance levels in males appear to be not only related to the presence of predators but also to
the presence of competitors (Guillemain et al., 2003; Portugal & Guillemain, 2011). This is also
found in some primate species, where the presence of non-familiar or non-kin conspecifics
(representing higher threat levels; see Gaynor & Cords, 2012; Kutsukake, 2006) increases the
risk of attacks related to food, enhancing individuals’ vigilance (e.g., Barbosa, 2002; Blumstein
& Daniel, 2002; Cameron & Du Toit, 2005; Hirsch, 2002; Teichroeb & Sicotte, 2012). Thus, it
is possible to speculate that in an adverse group context (e.g., competitive contexts), the
presence of conspecifics is no longer a signal of safety that leads to an increase in vigilance.
This means that, in other animal species, the group context plays an important role in
modulating vigilance behavior. However, in the case of human beings, little is known about
how different group contexts modulate the trade-off between intake activities and vigilance.

This constituted the chief goal of the present study, namely to explore the effects of different
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group interdependencies (i.e., cooperative and competitive group contexts versus mere
presence) on human vigilance strategies and consequently on threat detection capacity. To
examine the trade-off between vigilance and foraging across the referred three group
interdependencies, we employed a “foraging-vigilance” task developed in our lab (see Gomes
& Semin, 2020). This task consists of a laboratory simulation of foraging under threat risk.
Specifically, participants received small monetary rewards for solving a central letter
discrimination task - foraging simulation. However, failing to detect changes occurring in their
peripheral visual field resulted in strong monetary punishments - threat simulation (for similar
threat manipulations see, for instance, Kameda & Tamura, 2007). This task was paired with an
eye-tracker, allowing to examine participants’ attentional resource allocation. Moreover, to
obtain an objective measure of the participants’ alertness during the experiment, their skin

conductance level (SCL) was also recorded (see Raskin, 1973).

Considering the previously summarized research, we were expecting that perceiving
conspecifics as competitors (i.e. an adverse group context) would mitigate the safety increment
triggered by the mere presence of conspecifics. In turn, this would result in an increment of
participants alertness (i.e. higher SCL; compared to the mere presence condition) and
consequently in more time invested in vigilance (i.e. more time spent scanning the peripheral
locations where a change can occur) at the detriment of foraging activity (i.e. a lower number
of corrected identified target letters as well as more missed responses). On the other side,
perceiving conspecifics as cooperators (i.e. a favorable group context) would reduce
participants' alertness (i.e. lower SCL; compared to the mere presence condition) by increasing
the safety feeling triggered by the presence of conspecifics. This would reduce vigilance levels
(i.e. less time spent scanning the peripheral locations where a change can occur) and increase
foraging (i.e. more corrected identified target letters as well as fewer miss responses).
Additionally, as observed in previous studies (Gomes & Semin, 2020), we also hypothesized
that a higher vigilance level would correspond to higher efficacy in detected threatening
changes. Consequently, participants in the competition condition (compared to the mere
presence condition) would detect a higher number of threatening changes. In turn, participants
in the cooperation condition (compared to the mere presence condition) would detect a lower
number of threatening changes. However, as we report after detailing the methodology and the
results, these hypotheses were not confirmed. Finally, we provide a discussion about the
possible reasons behind the lack of group context effects as well as a set of methodological

considerations for future research aiming to explore these phenomena.
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Method
Participants

Seventy-two Portuguese university students (ISPA - Instituto Universitéario, Portugal)
gave their informed consent and participated in the experiment. Five participants were excluded
from the final sample, 2 due to psychological disorders, and the other 3 for not following the
experimental instructions. The final sample consisted of 67 participants (19 men) between the
ages of 18 and 29 (M = 20.01 years; SD = 2.03). All the participants did not have psychiatric or
neurological disorders, no psychiatric medication intake, and had normal or corrected to normal
eyesight. Participants were randomly assigned to one of the three experimental conditions: 25
performed the experiment in the mere presence condition (5 men; aged between 18 and 22, M
=19.48 years; SD = 1.19), 22 took part in the competition condition (8 men; aged between 18
and 29, M = 20.27 years; SD = 2.47), and the remaining 20 participated in the cooperation
condition (6 men; aged between 18 and 28, M = 20.40 years; SD = 2.28).

The minimum required sample size was estimated, & priori, based on a power analysis
(using G-Power 3.1.9.3; Faul et al., 2007). Considering a one-way MANOVA, and based on a
Pillai's Trace = .177 (obtained from a previous study from our LAB, examining the effects of
being in a group in human vigilance behavior; Gomes & Semin, 2020), an « = .05, and a power
= .8, results revealed that a minimum of 54 subjects (i.e., 18 per group condition) would be
required.

Foraging-vigilance task

The task (Gomes & Semin, 2020) was designed to provide a simulation of foraging
under a threat risk scenario, which represents the ideal evolutionary context to study the trade-
off between foraging and vigilance behavior (see Beauchamp, 2015). Across 50 trials,
participants were instructed to perform two simultaneous tasks. In the center of the screen, they
were presented with several 3 by 4 letter matrices in which they had to identify, using a standard
keyboard, one of two target letters (q or p). Each matrix lasted on the screen a maximum of 1.5
seconds or until an answer was given, being then immediately replaced by a new one.
Participants were asked to find as many target letters as possible per trial. For each target letter
correctly identified, 0.02€ were added to the participant’s final reward - foraging simulation.
At the same time, eight circular Gabor patches (2.25 visual degrees of diameter) were displayed
around the letter matrices, equidistantly from the center of the screen 8 visual degrees (i.e.

located in the participant’s near peripheral visual field). In 40% of the trials (20 trials; randomly
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selected), one of these Gabor patches became gradually narrowed (to a third of its original size)
across 4 seconds. This change occurred randomly between 2 seconds after the start of the trial
and 4 seconds before its end. Participants had to signal that a change was occurring, pressing
an escape key (i.e., the SPACE key), as fast as possible once they notice it. If they did not press
the escape key, they received a feedback message informing that 0.50€ were removed from the
accumulated reward - threat simulation. When a change was correctly signaled - and in order
to control for spurious change detections - it immediately disappeared from the screen, and the
participant was asked to identify, using the mouse, the location of the change (i.e., which Gabor
patch became narrowed during the trial). Each trial ended after 20 seconds or when a change

occurred.

In this task, to avoid losing money from their final reward (i.e., threat simulation)
participants have to increase their vigilance level (i.e., spending more time per trial with their
gaze focused on the peripheral Gabor patches). However, a vigilance increment results in a
lower number of correctly identified target letters, and consequently, a lower amount of
accumulated money (i.e., a foraging sacrifice). Hence, this task is creating the referred trade-

off between foraging and vigilance.

Design and manipulation

The present study had a 3 between-subjects group design: mere presence vs. competition
vs. cooperation. In all the group conditions participants performed the experiment in a room
together with two confederates (1 female and 1 male), who were solving the same task on two

independent screens.

Each group condition had a different set of initial instructions. (a) In the co-presence
condition participants were told that 3 participants were recruited at a time to collect as much
data as possible. Their tasks were identical and the rewards they received would be independent;
(b) In the competition condition, participants were not allowed to interact with each other, and
that they would receive the final reward only if they performed better compared to the other
participants (confederates). Finally (c) in the cooperation condition, participants were
introduced to the confederates at the beginning of the experiment and were told that they formed
a team. They were led to believe that their reward would be contingent on the performance of
the team and that they would be paid at end of the experiment with an amount of money
corresponding to the average value achieved by the group. It is important to note that the words

“competition” and “cooperation” were never used during the instructions.
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Participants were blind to the study’s goal and manipulation and were randomly

assigned to the different group conditions.

Equipment

To restrict head movements and to ensure a viewing distance of 55 cm, participants were

instructed to place their chins in a chin and forehead rest.

In order to record participants’ eyes movement, we relied on an Eyelink 1000 plus eye
tracker (SR Research), with a sampling rate of 1000 Hz. The calibration of the eye-tracker was
performed using a standard 5-point procedure. At the beginning of each trial, a drift correction

procedure was used, to ensure that the participants' gaze started in the center of the screen.

Furthermore, to record skin conductance level (SCL), palmar electrodes were applied to
the left hand of the participants (Dawson et al., 2016). The SCL signal was collected using a
BioNex chassis, powered by BiolLab software (version 3.2.0; MindWare Technologies,

Gahanna, OH). The signal was continuously recorded during the entire experiment.

The experiment was programmed using Experiment Builder (Version 1.10.1630, SR
Research, 2016) and displayed on an Asus VX238H 23” Full HD LED monitor (1920x1080)
with a refresh rate of 60 Hz, connected to a Dell OptiPlex 755.

Responses were collected using a standard keyboard and mouse.

Procedure

The experimental sessions started after the participants gave their informed consent.
First, they filled out a demographic questionnaire (e.g., age, gender, psychological disorders
history). Then the SCL palmar electrodes were then placed, and the participants received
instructions regarding the foraging vigilance task. Specifically, they were first told that, in
addition to the 5€ (or course credit) for their participation, they could win up to 5€ more, which
depended on their performance on the “vigilance-foraging” task. They then received a specific
set of group instructions depending on their condition (see design and manipulation section). In
all group conditions, participants were informed about the value of the monetary rewards and

punishments during the task.

After 15 practice trials, participants performed the main task, which consisted of 50

trials with a mandatory break in the middle of the task. In order to collect SCL baseline signals,
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a fixation cross remained on the screen for 1 min before starting the main task, and after the

mandatory break.

Finally, participants filled out manipulation check questions about the effectiveness of
the group manipulation. They were asked about their subjective feeling of competition and
collaboration (i.e., “Did you feel that you were competing/cooperating With the other people in
the room?”). All answers were obtained with visual analog scales (ranging from 0-100, i.e.

‘nothing at all’ to ‘very much’),

At the end of the experiment, the rewards were calculated and were paid accordingly.
This calculation was performed using a custom-made R script which only showed the amount

of money that needs to be given to the participant.

All the procedures conformed to the Declaration of Helsinki and were approved by the

host institution’s ethics committee.

Data Preparation

Regarding the ocular movement, data were visually inspected first in order to correct
for possible calibration problems. This correction procedure consisted of manually adjusting all
fixations and saccades in trials where a clear calibration problem was identified. In total, 4.39
% of the trials were corrected. The mean percentage of time per trail spent scanning the
peripheral targets (i.e., vigilance time) was then computed. Following earlier research (i.e.
Gomes & Semin, 2020), only trials where no change occurred (i.e., 30 no-change trials) were
used to compute vigilance time because these are the trials with a fixed duration. Change trials
had random durations, depending on when a change occurred, and so including these trials in

the analysis of vigilance time would create a confound.

Concerning the foraging activity (i.e., participants' performance on the central letter
discrimination task), the mean number of correctly identified target letters, as well as the mean

number of misses per trial were computed. Once again, only no-change trials were considered.

The efficacy in detecting and avoiding threatening changes was a measure as the
percentage of correctly detected changes, and also the mean reaction time in pressing the escape

key.

Lastly, SCL was computed in 2 distinct moments: at the beginning of the main task and
after the mandatory break. To begin with, the SCL signal was averaged in 6 1-minute intervals.
The first interval, collected 1 min before starting each block, served as a baseline. The remain
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5 intervals constituted the target signal. The target signal was baseline corrected by subtracting

for each 1-minute interval the mean activity of the corresponding baseline.

All variables were then checked for outliers using a 2.5 median absolute deviation
criterion (Leys et al., 2013). Values identified as outliers (< 15 % in all variables) were altered

to be one unit above or below the next extreme score on that variable (see Field, 2014).

Statistical analysis

First, in order to verify whether our group manipulation induced a ‘competition’ or a
‘cooperation’ subjective feeling in the participants, two separate one-way ANOVAS were
performed (one for the competition and another for the collaboration subjective feelings). Post-

hoc comparisons were performed using the Bonferroni correction procedure.

To explore if the different group conditions triggered distinct alertness states (i.e. SCL),
a mixed factorial design ANOVA was conducted employing the group condition (i.e., co-
presence vs. competition vs. cooperation) as the between-subjects’ factor, and the experimental
block (at the beginning of the main task vs. after the mandatory break), as well as the time

interval (5 1-min intervals after starting/restarting the task) as within-subjects’ factor.

Finally, we examined possible differences between group conditions in vigilance
behavior and threat detection efficacy using two separate one-way MANOVAs. Regarding
vigilance behavior, we used the group condition (mere presence vs. competition vs.
cooperation) as the between-subjects factor, and the vigilance time, the number of correctly
identified target letters, as well as the number of misses as dependent variables. Concerning the
efficacy in detecting and avoiding threatening changes, the same between-subjects factor (i.e.,
the group condition) was used, but, as dependent variables, we entered the percentage of
detected changes and the reaction time in pressing the escape key. Moreover, to report on the
degree of support for a possible effect or null effect (e.g., Faulkenberry, 2018) we examined
each dependent variable using separate one-way Bayesian ANOVAs. Non-informative priors
were used (r scale fixed effects = .5; r scale random effects = 1). The interpretation of the Bayes
factor (BF) was conducted following the classification proposed by Lee and Wagenmakers
(2013).

The researcher who analyzed the data was not aware of the group conditions. All the
analyses were run using the JASP (JASP Team, 2020) and IBM SPSS (version 25.0; IBM Corp.,
Armonk, NY).
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Results

First of all, we examined whether confederates triggered a competition feeling in the
competition condition and cooperation feeling in the cooperation condition. Regarding the
competition measure, the one-way ANOVA revealed a main effect of group condition [F(2,
64)= 15.45, p< .001, np2= .33]. Post hoc tests showed that participants in the competition
condition (M= 62.13; SD= 33.80) reported to feel more that they were competing with the
confederates than participants in the mere presence (M= 21.13; SD= 30.96; p< .001; 95% ClI
[19.54; 62.02]) and cooperation (M= 15.30; SD= 24.82; p< .001; 95% CI [24.38; 69.29])
conditions. No significant differences were revealed between mere presence and cooperation
conditions (p= 1.000; 95% CI [-15.75; 27.85]). A main effect of group condition [F(2, 64)=
11.30, p< .001, 5p*= .26] was also found on the cooperation measure. Post hoc tests showed
that in the cooperation condition (M= 53.53; SD= 25.37), participants reported to feel an higher
cooperation feeling than participants in the mere presence (M= 20.66; SD= 24.65; p<.001; 95%
Cl [15.40; 50.35]) and in the competition condition (M= 25.82; SD= 22.80; p=.001; 95% CI
[9.71; 45.71]). No significant differences were revealed between competition and mere
presence conditions (p= 1.000; 95% CI [-11.87; 22.19]). Hence, these results suggested that a
competitive or a cooperative mindset was induced in the competition and cooperation

conditions (respectively), supporting the group context manipulation.

Concerning participants SCL (i.e. alertness level), contrary to our predictions, no
significant main effect of group condition [F(1, 62)= 1.02, p= .37, yp?= .03], no two-way
interaction between group condition and experimental block [F(2, 62)= .06, p=.943, yp?= .00],
no two-way interaction between group condition per time interval [F(8, 248)= 1.10, p= .367,
np®= .03], neither a three-way interaction between group condition, experimental block and
time interval [F(8, 248)= .61, p= .768, np*= .02] were revealed. These results suggest that the
different group conditions did not modulate participants’ alertness level. Although not relevant
for the effects aimed to address in this study, we observed a main effect of the experimental
block [F(1, 62)= 16.71, p< .001, 5p*= .21], and a main effect of the time interval [F(4, 248)=
11.40, p<.001, 5p?= .16] in the SCL. No significant interaction between the experimental block
and time interval [F(4, 248)= .46, p= .366, p?= .01] were observed. In short, these observed
effects are related with a general decrement (across conditions) of participants’ SCL over time,

which is a widely observed phenomenon in studies involving SCL (see Dawson et al., 2016).

Finally, and also contrary to the hypothesized, the one-way MANOVA exploring
vigilance behavior did not reveal a significant main effect of group condition (Pillai's Trace=

.09; F(6, 126)= .94, p= .472, np?>= .04), indicating that there were no significant differences
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between mere presence, competition, and cooperation conditions regarding vigilance strategy.
(see Figure 1). Bayesian ANOVAs confirm this data pattern showing moderate evidence in
favor of the null hypothesis for the vigilance time (BFo1= 4.90 + 3.0%) and for the number of
misses (BFo1= 5.32 £ 3.0%). For the number of correctly identified target letters, a Bayesian

ANOVA revealed the existence of only anecdotal evidence in favor of the null hypothesis

(BFo1=2.65 £ 3.0%).
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Figure 1: (A) Mean percentage of time spent scanning the peripheral targets; (B) Mean number
of correctly identified letters per trial; (C) Mean number of misses per trial. No significant
differences between group conditions were revealed for all the dependent variables.

Regarding threat detection, again contrary to what we have hypothesized, the one-way
MANOVA revealed no main effect of group condition (Pillai's Trace= .06; F(4, 128)= .94, p=
443, np?®=.03). As for vigilance behavior, this suggests that there are no statistically significant
differences between group conditions in the capacity to detect and avoid threatening stimuli
(see Figure 2). Bayesian ANOVAs confirmed this data pattern, revealing that for both
dependent variables there is moderate evidence in favor of the null hypothesis (percentage of
detected changes: BFo1= 4.68 + 3.0%; reaction time in pressing the escape key: 4.78 £ 3.0%).
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Figure 2: (A) Percentage of detected changes per group condition; (B) Mean reaction time (in
milliseconds) in pressing the escape key. No significant differences between group conditions
were revealed for both dependent variables.

Discussion

The study reported here was designed to investigate the potential modulatory effect of
distinct group interdependencies (i.e. competition or cooperation contexts) on human vigilance
strategies and threat detection capacity. Specifically, we aimed to examine whether the presence
of conspecifics as competitors or cooperators would modulate vigilance and threat detection
differently than a mere presence condition. To achieve our goal, we employed a “foraging-
vigilance task”. This task provides a simulation of “foraging under threat” scenario and
represents an optimal context for studying the attentional trade-off between intake activities and
vigilance focused on risk monitoring (see Beauchamp, 2015, 2020; Gomes & Semin, 2020). An

eye-tracker was used, allowing a careful examination of participants’ attention allocation.

The results confirmed that our manipulations were effective in creating either a
competition or a cooperation context. Indeed, participants in the competition condition reported
feeling a higher ‘competition feeling’ than participants in the mere presence and cooperation
conditions. Participants in the cooperation condition reported a higher ‘cooperation feeling’
than participants in the other conditions. Although participants did feel that they were
cooperating or competing with the confederates during the “foraging-vigilance” task, this seems
to have had no impact on their risk-monitoring (compared to the mere presence condition).
Indeed, contrary to what we had predicted, the different group conditions did not modulate
participants' alertness state (i.e. SCL data) or vigilance strategies, which was assessed using the
trade-off between the mean percentage of vigilance time as recorded with the eye-tracker, and
the foraging activity represented by the mean number of hits and misses per trial in the letter

discrimination task. Congruently, no differences were also observed in the capacity to detect
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and avoid threatening events. In other words, vigilance behavior and threat detection proved to

be identical across all 3 group conditions.

Hence, a question that remains is why being either in a cooperative or competitive
mindset did not result in distinct vigilance strategies compared to the mere presence condition.
An immediate and tempting answer could be that distinct group interdependencies may have
no direct influence on individuals’ vigilance behavior. That is, vigilance might be modulated
by the presence of conspecifics in a basic way, regardless of what conspecifics represent.
However, as we will further explore, this answer is neither congruent with the previous animal
(e.g., Portugal & Guillemain, 2011; Teichroeb & Sicotte, 2012) and few human findings (e.g.,
Kameda & Tamura, 2007; Kuroda & Kameda, 2019), nor can be concluded without further
research considering distinct group aspects and context manipulations. In the following,
although in a purely speculative manner, some alternative explanations and considerations for

future research are provided.

A relevant aspect to consider is that perhaps, the group context manipulation was not
successful in increasing or decreasing (respectively) the perceived threat risk and consequently
modulate vigilance strategies. As already mentioned in the introductory section, animal
research has shown that the threat risk (e.g., Creel et al., 2014), and consequently the
individuals’ stress level (e.g., assessed through the levels of stress hormones, such as cortisol;
Hawlena & Schmitz, 2010; but see Tkaczynski et al., 2014), are directly correlated with the
attentional resources invested in vigilance. Arguably, the presence of conspecifics, by
representing a signal of increased safety (i.e. the perceived threat risk is reduced; see chapter
I11), results in less attentional resources invested in vigilance (see Beauchamp, 2015; Gomes &
Semin, 2020). In the present study, our main hypothesis was that different presence conditions
(i.e. adverse vs. favorable contexts) would distinctly modulate the perceived threat risk,
resulting in distinct vigilance strategies. However, this was not verified. Thus, we speculate
that in our study, the manipulation of competition and cooperation employed did not increase
or decrease the perceived threat risk to an extent that would modulate vigilance and threat
detection distinctively from the mere presence condition. In other words, the manipulation used
to induce a competition or a cooperation context might not have led participants to perceive the
presence of competitors (i.e. adverse context) or cooperators (i.e. favorable context) as a signal
of increased/decreased threat probability (compared to the mere presence condition).
Consequently, our manipulation did not change the participants’ alertness, modulating neither

their vigilance strategies nor threat detection efficacy.
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Perhaps the role of competition and cooperation contexts governing individuals’
vigilance strategies depends on the group dynamics and on online information gathering about
conspecifics’ behavior - which was not allowed in the present experiment. In contrast to
previous studies (Kameda & Tamura, 2007; Kuroda & Kameda, 2019), we did not focus on
exploring how group dynamics shape vigilance (e.g., producer-scrounger games; Giraldeau &
Caraco, 2000) or how individuals change their vigilance strategies as a function of conspecifics’
vigilance rates (e.g., Sirot, 2006). We aimed at a more basic phenomenon: to understand
whether simply being in a competitive or cooperative mindset was enough to modulate the
safety increment triggered by the mere presence of conspecifics, and consequently shape
individuals’ vigilance strategies. To this end, participants’ had no online access to information
about the other conspecifics behavior, and it did not directly affect their performance during the
task (e.g., a cooperator detecting a threat event did not preclude the participant to be directly
affected by one of such events). Competition and cooperation were manipulated here just by
leading participants to believe that their final reward would depend on better individual
performance compared to the others in the room (i.e., competition condition) or on a good

performance of the group in general (i.e. cooperation condition).

Nevertheless, maybe competition and cooperation contexts only reveal their role in
driving individuals’ risk monitoring when group dynamics and online information about others’
behavior are allowed. In fact, these variables seem to play an important role in natural
competitive and cooperative contexts. For instance, the presence of competitors in nature
represents a direct danger that may affect survival (e.g., aggression) or well-being (e.g.,
competition for food). In such situations where conspecifics are no longer representing a signal
of safety, their behavior, as well as the dynamics between competitors constitute important
vigilance modulators. For instance, animal research has shown that in competitive
environments involving aggressive conspecifics, the presence of competitors and their
proximity increases individual vigilance (Teichroeb & Sicotte, 2012). In contrast, in
competitive contexts where food availability is at stake, the presence of competitors can result
in lower levels of vigilance due to the high investment in foraging (e.g., Bednekoff & Lima,
2004). The same is true when cooperation contexts are considered. In this case, the presence of
conspecifics provides joint efforts to avoid danger, increasing safety. However, this safety
increment, as also shown in studies with humans (Kameda & Tamura, 2007; Kuroda &
Kameda, 2019), is associated with different group dynamics that shape individual risk
monitoring strategies. In fact, humans seem to adjust their vigilance strategies either using

others as a source of vigilance while foraging continuously (producer-scrounger situation) or
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relying on conspecifics’ vigilance behavior as a statistical cue to infer the situated risk level and
consequently the necessary amount of resources to invest in vigilance (i.e. herding behavior
Kameda & Tamura, 2007). Moreover, humans seem also to be able to establish, just by
observing others' behavior, tacit coordination of vigilance (i.e. cooperation), which allows some
individuals to invest in intake activities, while others take care of vigilance (Kuroda & Kameda,
2019). Hence, group dynamics and the observation of others’ behavior are apparently an
important piece for vigilance regulation in cooperative and competitive contexts. However, in
our experiment, group dynamics and the use of others' behavior as a cue to adjust individual
vigilance strategies were not allowed. Thus, although participants consciously perceived the
confederates as competitors or cooperators, they may have not represented an online source of
decreased or increased safety. That is, during the “foraging-vigilance” task: (a) the competitors’
behavior neither constituted a direct threat to the participants nor could it represent direct
competition for the available resources (i.e. confederates foraging activity did not reduce the
availability of potential resources to the participant); (b) the behavior of the cooperators did not
directly increase participants’ safety (i.e. they did not constitute an additional threat detection
source), and could not be coordinated with the participants’ behavior to allow them to forage
while the others were vigilant. In such a way, competition and cooperation conditions have

triggered in participants similar risk monitoring mechanisms as in the mere presence condition.

Having said that, it becomes clear that further research employing different designs and
manipulations is needed to unravel the role of competitive and cooperative contexts shaping
human vigilance behavior. From the previous discussion, it is possible to conclude that allowing
participants to interact and have online access to the conspecifics’ performance on the task may
be of high importance to observe the effects of cooperation and competition contexts on
vigilance (e.g. Kameda & Tamura, 2007). Thus, in practical terms, instead of independent tasks
(i.e. each participant solves his/her task, without affecting or being affected by the conspecifics
behavior) and confederates simulating the presence of conspecifics, future research shall
consider dynamical experiments. Limited foraging resources, simultaneous threatening events
chasing all members, the possibility of conspecifics constituting a source of danger, and having
groups of real participants cooperating or competing constitute some important features that
would aid to create ecological simulations of cooperative and competitive contexts. Concretely,
using the “foraging-vigilance” task as an example, future research can induce competition by
introducing a ‘race’ for the available resources. That is, identifying a letter correctly would
remove the opportunity of the other conspecifics to identify this same letter, precluding them

from receiving the associated reward. Moreover, in a competition condition, besides random
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threatening events, participants should also need to be aware of “attacks™ from conspecifics.
This can be created by introducing the opportunity to attempt to steal the others’ accumulated
resources, which can be avoided by the target participant being vigilant and pressing an ‘escape
key’. On the other hand, in a cooperation condition, the accumulated money from foraging
should be common to all the group members, and a group member detecting a threat event
should give the opportunity to the group to avoid it. Moreover, to increase the cooperation
feeling, participants can be led to believe that they need to cooperate not only to increase their
final reward but also to win an extra prize for being better than other groups participating in the
same experiment (intergroup competition seems to enhance intragroup cooperation; e.g.,
Puurtinen & Mappes, 2009). In both conditions, all participants should be aware of the others’
accumulated money and vigilance behavior. In an experiment with such characteristics,
competition conditions will represent a context where conspecifics are no longer a signal of
increased safety, also representing a threat source. On the other hand, a cooperation condition
manipulated in this way will decrease threat-risk with conspecifics acting as additional threat
detectors, and their vigilance behavior constituting a cue to individuals to regulate their own
performance. In such a way, employing these ‘ecological’ competition and cooperation
conditions will allow exploring whether these contexts contribute differentially to regulate

human beings' vigilance behavior than a mere presence condition.

In sum, the present study pointed out that perceiving conspecifics as competitors or
cooperators does not modulate individuals’ vigilance strategies differently than a mere presence
condition. Together with previous research, the obtained results suggest that the potential role
of competitive and cooperative contexts depends on the interaction and observation of the
others’ behavior. Contrary to the effects of the conspecifics’ mere presence on vigilance
strategies, which seems to be a more basic phenomenon triggered automatically, possible
effects of competition and cooperation contexts on vigilance seem to involve more complex
cognitive processing that depends on online information gathering. Future research is required

to uncover the real effects of different group interdependencies on humans’ vigilance.
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Abstract

It has been shown that the presence of conspecifics modulates human’s vigilance strategies as
is the case with animal species. Mere presence has been found to reduce vigilance. However,
animal research has also shown that chemosignals (e.g., sweat) produced during fear-inducing
situations modulates individuals’ threat detection strategies. In the case of humans, little is
known about how exposure to conspecifics’ fear chemosignals modulates vigilance and threat
detection effectiveness. The present study (N= 59) examined how human fear chemosignals
affect vigilance strategies and threat avoidance in its receivers. We relied on a paradigm that
simulates a “foraging under threat” situation in the lab, integrated with an eye-tracker to
examine the attention allocation. Our results showed that the exposure to fear chemosignals (vs.
rest chemosignals and a no-sweat condition) while not changing vigilance behavior leads to
faster answers to threatening events. In conclusion, fear chemosignals seem to constitute an
important warning signal for human beings, possibly leading its receiver to a readiness state

that allows faster reactions to threat-related events.
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Introduction

Avoiding threat constitutes a paramount adaptive process for human beings, with direct
implications in our daily lives (see Ohman & Mineka, 2001). An examination of how
conspecifics influence our threat avoidance strategies represents a remarkable step to
understanding human behavior in social contexts. Recent research (Gomes & Semin, 2020) has
shown that the mere presence of conspecifics influences humans’ threat monitoring strategies.
Other factors that can influence others’ threat monitoring strategies involve the emission of
diverse sensory cues (e.g., facial expressions of fear). Such factors alert receivers to possible
danger (Tipples, 2006). The present study was designed to explore the particular role that
olfactory danger signals, namely sweat produced during fear-inducing situations, play in
preparing human beings to be vigilant. In order to frame this research question, we integrated
the literature on vigilance on social species (Beauchamp, 2015) and research on human

olfactory danger signals (i.e. fear-related chemosignals; see de Groot & Smeets, 2017).

In order to survive, animal species evolved optimal trade-off strategies balancing
between their intake activities and vigilance behavior to avoid danger (e.g., Beauchamp, 2015;
Creel et al., 2014). The balance of this trade-off has been seen to be shaped by the presence of
conspecifics. Group situations have been documented to reduce stress (Hawlena & Schmitz,
2010; Voellmy et al., 2014) and consequently to decrease vigilance (e.g., van Schaik et al.,
1983). The reduction of vigilance releases resources that can be invested in other survival-
relevant activities such as foraging (see Beauchamp, 2015). Several mechanisms driving this
safety increment have been postulated (e.g., “many-eyes effect” or “risk-dilution”; Bertram,
1978; Caraco et al., 1980). Among the most prominent ones is the so-called ‘mutual warning’
mechanism (or “collective detection”; e.g., Lima, 1995). This mechanism posits that in a group
situation, individuals who do not detect a threat source can nevertheless rely on other group
members to warn them of a dangerous stimulus. Consequently, individuals in group contexts
can reduce their vigilance levels without compromising their safety. Interestingly, a recent study
from our lab (Gomes & Semin, 2020) pointed for similar modulatory effects of the presence of
conspecifics in humans’ vigilance. Human beings in a co-presence condition sacrificed their
vigilance allocating more resources to intake activities than subjects performing the experiment
in an individual condition (Gomes & Semin, 2020; see also Barash, 1972; Wawra, 1988; Wirtz
& Wawra, 1986).

Notably, a central aspect of a “‘mutual warning’ mechanism is the transfer of information
between threat detectors and non-detectors. Animal research has confirmed this communication

skill in many different species, involving the most variated sensory cues, such as visual (e.g.,
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alert body postures in fish; Brown et al., 1999), acoustic (e.g., alarm calls in prairie dogs;
Hoogland, 1979), mechanical (e.g., vibrations in the ground, transmitted between foot-
drumming mammals; Randall, 2001), or even olfactory danger signals (e.g., alarm pheromones
released by rats; Kikusui et al., 2001). The question is does ‘mutual warning’ play a role in
shaping the behavior of our own species? Although not often framed in terms of ‘mutual
warning’ a considerable amount of research has revealed that humans are able to produce and
perceive conspecifics’ visual and acoustic alarm signals. Several studies illustrate how humans
communicate danger with, for example, fear facial expressions (e.g., Bannerman et al., 2009;
Mogg et al., 2007; Pourtois et al., 2004), fear body postures (e.g., Bannerman et al., 2009; De
Gelder, 2006; Stienen & de Gelder, 2011), fear prosody (e.g., Dolan et al., 2001) or crying (e.qg.,
Giardino et al., 2008). Moreover, exposure to these alarm signals has been shown to trigger
defensive strategies in their receivers (see De Gelder, 2006; Ohman & Mineka, 2001). These

studies support a ‘mutual warning’ phenomenon in human beings.

It is only recent that olfactory danger cues (i.e. fear chemosignals; de Groot & Smeets,
2017) have been shown to trigger threat avoidance processes in human beings as in the case of
other animal species (e.g., Kikusui et al., 2001). In particular, exposure to fear chemosignals
(i.e. sweat collected during fear-inducing conditions) activates facial muscles associated with
facial expressions of fear (medial frontalis and corrugator supercilii; de Groot et al., 2014;
Gomes et al., 2020; Kamiloglu et al., 2018). These muscles are associated with increased
sensory acquisition (Susskind et al., 2008), manifested in a widening of the eye aperture,
speeding up of ocular movement, and increasing inhalation volume (de Groot et al., 2012).
Moreover, fear-related chemosignals also facilitate the processing of emotional faces (e.g.,
Kamiloglu et al., 2018; Silva et al., 2020; Wudarczyk et al., 2016; Zhou & Chen, 2009), trigger
withdrawal behaviors (enhance the startle reflex; Prehn et al.,, 2006), reduce cardiac
parasympathetic activity (Rocha et al., 2018), and activate brain areas associated with threat
processing (e.g., amygdala; Mujica-Parodi et al., 2009). Thus, fear chemosignals appear to act
as an “alarm” signal, increasing sensory acquisition, and preparing its receivers to deal with
potential threats (e.g., de Groot et al., 2012; Parma et al., 2017).

However, there is no empirical study on the effects of being exposed to fear
chemosignals in humans and the types of threat avoidance mechanisms they activate. Do they
modulate threat monitoring (i.e. vigilance)? To what extent do they influence the reaction to
threatening events? In the present study, our aim was to examine (a) how fear chemosignals
shape the trade-off between intake activities (benefits) and vigilance behavior to avoid danger

(threat avoidance), and (b) modulate the reaction to threat-related events (threat coping). We
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examined this with an innovative “foraging-vigilance” task integrated with an eye-tracker to
explore participants’ attention allocation. Specifically, this paradigm (see Gomes & Semin,
2020) motives participants with monetary rewards to solve a central letter discrimination task
(i.e. foraging simulation) and simultaneously makes them ‘suffer’ stronger monetary
punishments if they do not detect and avoid peripheral changes (i.e. threat simulation; Kameda
& Tamura, 2007; LOw et al., 2008; Schlund & Cataldo, 2010). This simulation of foraging
under threat risk provides us with a tool to examine not only threat monitoring but also the
effectiveness in “escaping” to threatening events across chemosignal conditions (fear vs.

neutral vs. clean air) in the laboratory.

It is possible to deduce several outcomes from the literature on ‘mutual warning’
research with animals and research on olfactory danger chemosignals (fear). One possible
scenario is that the exposure to fear chemosignals signals the imminence of danger. An outcome
that this scenario would suggest is that participants exposed to fear chemosignals will be more
vigilant compared to participants exposed to rest chemosignals or clean air (i.e. no-sweat
condition). This will result in more time spent scanning the targets in their peripheral visual
field, fewer correct and more no responses to the central letter discrimination task (H1).
Additionally, an increment in vigilance behavior may result in (H2) a higher number of avoided
threatening changes (see Gomes & Semin, 2020). At the same time, besides modulating threat
monitoring, fear chemosignals may prepare receivers for a defensive reaction. In this scenario,
we expect to observe (H3) faster reaction times to avoid threat compared to exposure to either
rest chemosignals or the no-sweat. Since no study to date explored such phenomenon, the
question remains whether all or a subset of the possible outcomes mentioned above will be

confirmed.

Method
Sweat collection

Eight healthy Portuguese Caucasian males, aged between 18 and 34 (M = 25.00 years;
SD = 5.81), gave their informed consent and participated voluntarily in the sweat collection.
All participants were non-smokers, heterosexual, did not report any neurological of
psychological disorders, and were not under medication at the time of the collection. Only males
were recruited as sweat donors due to their larger and more active apocrine glands (compared
to females; see de Groot et al., 2015; Zhou & Chen, 2009). Following the guidelines of previous

studies, only heterosexual males were included as sweat donors because the participants of the



108

study were heterosexual females, which seem to evaluate sweat from homosexual and
heterosexual males differently (Martins et al., 2005). Each participant received monetary

compensation to donate sweat.

Sweat was collected over two sessions (fear-inducing and rest sessions; sessions order
was counterbalanced across participants) separated by a week’s interval. As in previous studies
(de Groot et al., 2015; Gomes et al., 2020), in the two days preceding the sweat collection,
sweat donors were instructed to follow a strict protocol to avoid sweat contamination. Donors
were instructed to shave their armpits and not allowed to consume alcohol, have sexual
intercourse, consume odorous food (e.g., garlic, chili, asparagus), practice excessive exercise,
sleep in the same bed as their partner or pet, and also from using any type of perfumed personal
care products. Fragrance-free personal care products (i.e. soap, shampoo, and deodorant) were
given to the participants to use on these two days. On the collection day, participants were not
allowed to wear any type of personal care products, and two hours before each sweat collection

were instructed not to eat or drink anything other than water.

Sweat was collected using absorbent non-woven pads (70% viscose, 30% polyester;
Wells, Sonae SA, Portugal), attached by the experimenter under the participants’ armpits using
hypoallergenic tape. Donors were then seated in an individual cubicle (temperature kept
between 23-25 °C). To induce a fear or a rest state, sweat donors watched fear-inducing or
neutral video clips (previously piloted and used in Gomes et al., 2020) for approximately 30
minutes. Sweat pads were then removed by the experimenter and stored at -23 °C, separately in
Amber glass vials. Following de Groot and colleagues (2012), clean absorbent non-woven pads

were stored at the same temperature to be used in the no-sweat condition.

As an emotion-inducing manipulation check, two variables were recorded: (a) the
subjective feelings of the sweat donors during each session — sweat donors were asked to report,
using 0 - 10 separated visual analogue scales, to what extent they felt angry, fearful, happy, sad,
disgusted, neutral, surprised, calm, and amused during each sweat collection session; (b) the
weight of the produced sweat in each session - calculated by subtracting the weight of the pads
before the sweat collection from the weight of the pad after the sweat collection session (using

a Precisa scale model: BJ 100M with .001g precision).

The procedure for the sweat collection was approved by the host institution ethics

committee and was conducted in accordance with the guidelines of the declaration of Helsinki.
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Sweat receivers
Participants

Sixty-five Portuguese female university students gave their informed consent and
participated on a voluntary basis in the experiment. Six participants were excluded due to
psychological related disorders or misunderstanding the experimental rules. Thus, 59
participants, aged between 18 and 31 (M = 20.98 years; SD = 3.27), were randomly distributed
across the 3 chemosignal conditions: 21 participants (age range: 18-27; M = 20.14 years; SD =
2.17) took part in the fear chemosignals condition; 19 participants (age range: 18-31; M =21.47
years; SD = 3.50) performed the experiment in the rest chemosignals condition; and 19
participants (age range: 18-30; M = 21.42 years; SD = 3.95) participated in the no-sweat
condition. All participants were Caucasian, non-smokers. They reported no psychological or
neurological disorders, no respiratory diseases, no illness, cold or allergy, no uncorrected vision
problems, and no medication intake. All participants were also tested for the absence of severe
olfactory problems by identifying three clear odors: cinnamon, fish odor, and banana (see
Lotsch et al., 2016). Following previous studies using emotional chemosignals (e.g., de Groot
et al., 2015; Zhou & Chen, 2009), only females were included due to their higher sensitivity
towards emotional signals and a better sense of smell compared to men. Only heterosexual
women were included because research has shown that women perceived male sweat differently

as a function of both the donors’ and their own sexual orientation (Martins et al., 2005).

Sample size was determined a priori with a power analysis (using G-Power 3.1.9.3; Faul
et al., 2007) for a one-way MANOVA (Pillai’s Trace = .177, power = .80, a = .05). The value
of the Pillai's Trace was obtained from a previous study from our LAB, examining the effects
of being in a group in humans’ vigilance behavior (Gomes & Semin, 2020). The power analysis
revealed that a minimum of 18 subjects would be needed in each of the experimental conditions

(i.e. fear, rest, and no-sweat). This resulted in a minimum total sample of 54 subjects.

The experiment was approved by the host institution ethics committee and was

conducted following the guidelines of the Declaration of Helsinki.

Design

The present study has a 3 chemosignals conditions design: Fear chemosignals vs. rest
chemosignals vs. no-sweat condition (between subjects). Participants were randomly assigned
to the 3 sweat conditions. Neither the participants nor the experimenter were aware of the

conditions (i.e. double-blind experiment).
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Materials and measures

Composition of the sweat stimuli: Following previous studies (de Groot et al., 2015;
Gomes et al., 2020), to reduce possible effects of interindividual variability in the sweat
production, pad pieces of different sweat donors were combined to create “super-donors”, to
which the receiver participants were exposed. Each sweat pad, obtained in the sweat collection
phase, was divided into 8 equal parts. Using a custom-made randomization script, four pad parts
(2 from right and 2 from left armpits) were combined to create a “super-donor”. The same

combination of donors was used to create fear and the rest “super-donors”.

As already mentioned, clean absorbent non-woven pads were stored at the same

temperature as the sweat stimuli (i.e. -23°C) to be used in the no-sweat condition.

Foraging-vigilance task: This vigilance task - developed and previously used in our
Lab (see Gomes & Semin, 2020) - constitutes a laboratory simulation of the evolutionary trade-
off between foraging and avoiding threat, which represents the ideal context to study vigilance

behavior (Beauchamp, 2015).

In each trial, participants were presented with three-by-four letter matrices consisting of
12 random letters per matrix. In these letters was always included one of two target letters (q or
p). Around the letter matrices, 8 circular Gabor patches (with a diameter of 1.25 visual degrees)
were displayed equidistantly from the center of the screen by 8 visual degrees (see Figure 1).
Participants were instructed to find as many target letters as possible during each trial. When a
participant gave an answer, a new letter matrix was automatically displayed. If there was no
answer after 1.5 seconds, the letter matrix automatically changed to a new one. For each correct
response, participants received an additional 0.02€ in their final reward — foraging simulation.
However, in 40% of the trials, one of the 8 Gabor patches narrowed down (its width was
gradually reduced to about a third of its original size). This lasted for 4 seconds and occurred
randomly between 2 seconds after the start of the trial and 4 seconds before its end. Participants
were instructed to press an escape key (SPACE) as fast as possible when they notice that a
change was occurring. If the escape key was not pressed, they receive a feedback message
informing them that they lost 0.50€ from their final reward, which constituted the threat
simulation. When they pressed the escape key, the change immediately disappeared from the
screen and the participants were asked to identify, using the mouse, which Gabor patch changed
during the trial. Each trial ended after 20 seconds or when a change occurred. In total, each
participant performed 50 trials (including 20 change trials). The task had a mandatory break in
the middle of the experiment. The average duration of the “foraging-vigilance” task was

approximately 25 minutes.
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In this experimental situation, when a participant increases her vigilance level also
increases the likelihood of avoiding danger (i.e. detecting the changes in the Gabor patches)
(Gomes & Semin, 2020). However, an increment in vigilance results in the sacrifice of the

foraging activity, creating the referred trade-off between the two survival activities.
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Figure 1: Example of a letter matrix surrounded by 8 Gabor patches. The arrow illustrates a
possible change in one of the 8 Gabor patches (i.e., its width being gradually reduced to about
a third of its original size). The dimensions of the different elements are specified in visual
degrees.

Stress Rating: As a subjective measure of the participants’ stress feeling during the
experimental task, they were asked to assess, on a 10 points visual analogue scale (ranging from

‘not stressed at all’ to ‘very stressed’), how stressed they felt during the experiment.

Sweat Ratings: At the end of the experiment, and after an approximately 5-min break
(to reduce habituation effects), participants were told that they will assess how intense and
pleasant an odor stimulus was. They did not receive the information that this odor stimulus was
the same that they were exposed to during the experiment and were asked to wear a blindfold
in order to preclude them from seeing the amber glass vial and the pad portions in it. Then the
experimenter asked them to smell the vial and rate from 0 meaning ‘not at all’ to 7 meaning
‘very much’ how intense or pleasant the stimulus was, writing down the participants' answer.
The procedure was then repeated for the remaining rating (the order of these two ratings was

counterbalanced between participants). Contrary to the other employed scales in the current
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study, which were 10-point visual analogue scales, a 7-point Likert scale was used here to allow

participants to give their answers verbally without removing the blindfold.

Display

The experiment was programmed using Experiment Builder (Version 1.10.1630, SR
Research, 2016). To display the experiment an Asus VX238H 23” Full HD LED monitor
(1920x1080) with a refresh rate of 60 Hz, connected to a Dell OptiPlex 755 were used.

To record participants’ ocular movement data, we used an Eyelink 1000 plus eye tracker
(SR Research) with a sampling rate of 1000 Hz. The eye tracker was calibrated, using a standard
5-point calibration procedure, to the participants' right eye. Between trials, a drift correction
procedure was used to ensure that the participants started each trial with their gaze focused on

the center of the monitor.
Participants’ responses were collected using a standard keyboard.

In order to restrict participants’ head movement and to ensure a constant viewing

distance of 55 cm, a chin and forehead rest was used.

Procedure

Each experimental session began by thawing the sweat sample an hour prior to the start
of the experiment. After entering the lab, participants were asked to sign an informant consent
and then instructed to fill out a demographic questionnaire (e.g., age, sexual orientation).
Participants received the instructions for the “foraging-vigilance” task. They were informed
that their final reward would be contingent upon their performance in the experiment: they
would receive a course credit or 5€ for the participation, but they could win up to 5€ more.
They were also informed about the value of the monetary rewards and punishments during the

task. The instructions were exactly the same across the 3 sweat conditions.

Participants were asked to place their head on the chin and forehead rest. An amber
glass vial (volume: 60 cm?®; aperture diameter: 28 mm) containing one of the three sweat
conditions (i.e. fear, rest, or no-sweat) was placed 2 cm below the participants’ nostrils and
opened by the experimenter, who left the room immediately. No information was given
regarding the content of the vials. Participants performed 15 practice trials, followed by the

main task (50 trials of which 20 were change-trials).
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At the end of the experiment participants assessed how stressed they felt during the
experiment. Then, after a short pause (= 5 minutes) — during which the experimenter calculated
rewards - participants were asked to rate the pleasantness and intensity of the sweat sample to

which they were exposed. Lastly, they were paid in accordance with their performance.

In total the experimental procedure had an average duration of 45 minutes.

Data Preparation

In order to detect and correct for possible calibration problems, the eye-tracker data were
visually inspected trial-by-trial for all participants. Trials with clear calibration problems were

corrected by manually adjusting all the fixations and saccades (< 7% of the trials).

After the correction procedure the mean percentage of time per trial that the participants’
gaze was focused outside of the central letter discrimination task was computed (i.e., the mean
percentage of vigilance time; see Figure 2). In other words, the percentage of vigilance time
concerns the time that the participant’s gaze was located outside the central orange rectangle

displayed in Figure 2, which represents the area where the letter matrices were displayed.

Figure 2: An example of a representative trial as viewed in the software used to extract and
analyze the eye-tracker data (i.e., DataViewer; SR Research). The small blue circles represent
each fixation of the participant (the blue numbers are the duration of each fixation in
milliseconds). The elements in orange represent the interest areas. The outer orange circle
concerns the limit of the task area. Any fixation or saccade outside of this area was considered
spurious. The central rectangle delimits the area where the letter matrices were displayed.
Vigilance time concerns the percentage of time that the participant’s gaze was focused outside
of the letter discrimination task, represented in this image by the small blue circles out of the
central orange rectangle.
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As in Gomes & Semin (2020), only no-change trials (30 trials) were considered to compute
the vigilance time because these are the ones that had a fixed 20s duration. Due to the
randomization of the moment that the changes start happening, change trials had random
durations. Thus, considering them to compute the percentage of vigilance time could have

created a confound.

Regarding the central letter discrimination task (i.e. the foraging activity), the mean
number of correctly identified target letters, as well as the mean number of no-answers, per
trial were computed (once again, only the no-change trials were considered due to the same

reasons mentioned earlier).

Concerning the capacity to avoid the threatening changes, the percentage of correctly
detected changes, and the mean reaction time in pressing the escape key were computed per

participant.

All the recorded variables were checked for outliers per chemosignals condition,
identified as values exceeding 2.5 median absolute deviations (Leys et al., 2013). The outlier
values (< 5% of data in all the analyzed variables) were then replaced to be one unit above the

next extreme score on that variable (Field, 2014).
All the computed variables were extracted using DataViewer (SR Research).

All data will be made available upon request.

Statistical analysis
Sweat Donors

Regarding the sweat weights, and because the assumption of normality was not verified,
a non-parametric Wilcoxon signed-ranks test was used to examine whether the distinct emotion-
induction sessions resulted in different amounts of produced sweat. Possible differences in the
room temperature between the 2 sweat collection sessions were also examined using a

Wilcoxon signed-ranks test.

As for the self-reported affect, and because the data was not normally distributed,
separated non-parametric Wilcoxon signed-ranks tests were conducted to examine possible
differences in the several dependent variables, across conditions. Considering the descriptive

nature of this data, no p-value adjustments for multiple comparisons were performed.
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Sweat Receivers

Due to the possible correlation between the different recorded variables, we examined
the possible differences in vigilance behavior between different chemosignals conditions (the
hypothesis regarding vigilance strategies; H1) using a one-way MANOVA. The chemosignal
conditions (fear, rest, and no-sweat) were used as the between-subjects factor, and the mean
percentage of vigilance time (eye-tracker data), the mean number of correctly identified target
letters, as well as the mean number of no-answers, per trial, were entered as dependent
variables. Regarding the threat avoidance hypotheses (H2 and H3), another one-way
MANOVA was used to examine possible differences between chemosignal conditions. Once
again, the chemosignal conditions (fear, rest, and no-sweat) were used as the between-subjects
factor. The percentage of detected changes and the mean reaction time in pressing the escape
key constituted the dependent variables. For both MANOVAs, if a significant multivariate main
effect of the chemosignal conditions were revealed, then we examined each dependent variable
using separate one-way ANOVAs. Post-hoc comparisons were performed using the Bonferroni

correction procedure.

Additionally, Bayesian hypothesis testing was used to quantify the relative strength of
evidence for either the null or the alternative hypotheses (e.g., Faulkenberry, 2018). Thus, one-
way Bayesian ANOVASs were used to examine each dependent variable. These ANOVAS were
performed using non-informative prior settings (r scale fixed effects = .5; r scale random effects
= 1). The interpretation of the Bayes factor (BF) was conducted following the classification

proposed by Lee and Wagenmakers (2013).

Moreover, to explore possible differences in the participants’ perceived stress between

the chemosignal conditions, a one-way ANOVA was conducted.

Lastly, to examine possible differences in the perceived intensity of the sweat samples
(the data were not normally distributed) — a Kruskal-Wallis test, using the chemosignal
conditions as a between-subjects factor, was performed. Regarding the perceived pleasantness,
possible differences between chemosignal conditions were examined using a one-way
ANOVA.

The researcher who analyzed the data was not aware of the chemosignal conditions. All
the analyses were run using the JASP (JASP Team, 2020) and IBM SPSS (version 25.0; IBM
Corp., Armonk, NY).
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Results
Sweat Collection

Considering the sweat weight, a non-parametric Wilcoxon signed-ranks test showed
significant differences between the fear and the rest condition (N = 8; Z = -2.52; p =.008).
Specifically, participants produced significatively more sweat in the fear condition (Mdn =
.200; IQR = .16 — .24) than in the neutral condition (Mdn = .09g; IQR = .05 — .15), indicating
that the emotional manipulation directly influenced the sweat production (see Figure 3).
Moreover, regarding room temperature, another non-parametric Wilcoxon signed-ranks test
revealed no significant differences (Z = -.18; p = 1.000) between the fear and the rest sweat

collection sessions, ruling out the role of temperature in sweat production.
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Figure 3: Mean sweat production, in milligrams, per sweat collection. Error bars represent 95%
within-subject confidence intervals.

With regard to the self-reported feelings (see figure 4), non-parametric Wilcoxon
signed-rank tests revealed that, participants reported significatively more fear (N = 8; Z = -2.52;
p =.008) in the fear condition (Mdn = 7.25; IQR = 4.63 — 7.73) than in the rest condition (Mdn
.00; IQR =.00 — .13). On the other hand, participants in the rest condition (Mdn = 9.00; IQR
2.33 — 10.00) reported significatively more calmness (N = 8; Z = -2.52; p = .008), than

participants in the fear condition (Mdn = 1.05; IQR = .20 — 1.78). Thus, these results point to a
successful emotional manipulation during the sweat collection. Surprisingly, no statistically
significant differences were observed in the reported neutral affect between the fear and the rest

conditions (N = 8; Z =-1.58; p =.156). Moreover, the results showed significant differences in
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the reported disgust (N = 8; Z = -2.37; p = .016), amusement (N = 8; Z = -2.53; p = .008), and
happiness (N = 8; Z =-2.37; p =.016). Explicitly, participants reported more disgust in the fear
(Mdn = 3.20; IQR = 1.95 — 5.15) than in the rest condition (Mdn =.00; IQR = .00 —.03), and
more amusement and happiness in the rest (amusement: Mdn = 6.25; IQR = 5.13 — 7.23;
happiness: Mdn = 7.75; IQR = 6.35 — 9.10), than in the fear condition (amusement: Mdn =.70;
IQR =.00 - 1.85; happiness: Mdn =.15; IQR =.00 —.90). No statistically significant differences
were observed for the reported anger (Z = -1.36; p = .29), surprise (Z = -1.12; p = .313) and

sadness (Z =-.34; p =.781).
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Figure 4: Mean reported feelings by sweat donors, per sweat collection. Error bars represent
95% within-subject confidence intervals.

Sweat receivers

Regarding vigilance behavior (H1), a one-way MANOVA revealed no significant main
effect of the chemosignal conditions [Pillai's Trace= .07, F(6, 110)= .63, p= .707, 5p=.03],
indicating that the vigilance behavior was similar across the 3 different conditions. In other
words, the exposure to the 3 chemosignal conditions did not modulate the mean percentage of
vigilance time (eye-tracker data) or the foraging activity (central letter discrimination task).
Moreover, Bayesian one-way ANOVAs revealed moderate evidence in favor of the null
hypothesis for all the 3 dependent variables (mean percentage of vigilance time: BFo1 = 3.21 +

3.80%; mean number of correctly identified letters: BFo1 = 5.81 £ 2.90%; mean number of no-
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answers: BFo1 = 4.95 £ 3.1%). The mean values of each dependent variable per chemosignal

condition can be found in Table 1.

Concerning the threat avoidance hypotheses (H2 and H3), as expected, a one-way
MANOVA revealed a significant main effect of the chemosignal conditions [Pillai's Trace=
23, F(4, 112)= 3.62, p=.008, #%p=.12], suggesting that the capacity to avoid the threatening
changes differed across the 3 conditions. A one-way ANOVA regarding the accuracy in
detecting threatening changes revealed no significant differences between the 3 chemosignal
conditions [F(2, 56)= 1.08, p=.346, n°p=.04]. A Bayesian one-way ANOVA showed moderate
evidence in favor of the null hypothesis (BFo: = 3.31 £ 3.00%), confirming that the exposure to
the different chemosignal conditions had no effect on the number of avoided threatening events
(for the mean percentage of avoided threatening changes per chemosignal condition see Table
1).

Table 1: Mean values and standard deviations (in parenthesis) of each non-significant
dependent variable per chemosignal condition.

Fear Rest No-sweat
Variables
Mean % of vigilance time 18 (.06) .20 (.07) A7 (.07)
Mean number of identified target letters 12.84  (2.23) 12.44  (2.58) 13.07  (2.57)
Mean number of no-answers 4.32 (1.38) 4.55 (1.44) 4.05 (1.65)
Accuracy in detecting threat (%) 42 (.17) .50 (.14) 44 (.21)

However, concerning the reaction time in pressing the ‘escape’ key (H3), a one-way
ANOVA revealed a significant main effect of the chemosignal condition [F(2, 56)= 5.97, p=
.004, »%p= .18]. A Bayesian one-way ANOVA confirmed that there was moderate (near to
strong) evidence in favor of the alternative hypothesis (BF1o = 9.91 £ 1.60%). In line to what
was hypothesized, post hoc tests showed that participants exposed to fear chemosignals pressed
the escape key significantly faster (M= 2502.37 ms; SD= 223.92) than participants exposed to
rest chemosignals (M= 2736.29 ms; SD= 196.04; p=.009; 95% CI [-419.52; -48.32]) or those
in the no-sweat condition (M= 2712.43 ms; SD= 285.24; p=.021; 95% CI [-396.16; -24.95]).
No significant differences were observed between the rest chemosignals and the no-sweat
condition (p= 1.000; 95% CI [-166.82; 213.55]) (see figure 5).
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Figure 5: Mean reaction time (in milliseconds) in pressing the escape key. Participants in the
fear condition pressed the escape key significantly faster than participants in the rest and no-
sweat conditions. No statistically significant differences were observed between the rest and
no-sweat conditions. * p <.05; ** p <.01; n.s. p > .05.

Moreover, regarding the subjective stress feeling, no significant differences were
observed between the chemosignal conditions [F(2, 55)= .37, p=.690, p=.01], indicating that

there were no distinct subjective stress experiences between conditions.

Lastly, regarding the perceived intensity, results revealed no significant differences
between the chemosignal conditions [X3,,(2)= .85, p= .655]. Similarly, concerning the
perceived pleasantness, results also revealed no significant differences between the
chemosignal conditions [F(2, 56)= .35, p=.709, #%p=.01] (see table 2).

Table 2: Means and standard deviations (in parenthesis) of the subjective ratings of the sweat
stimuli

Fear Rest No-sweat

Subjective ratings of sweat stimuli
Intensity
(1 = very weak to 7 = very strong) 2.00 (.89) 211 (1.24) 1.84 (1.12)
Pleasantness

(1 = very unpleasant to 7 = very pleasant) 395 (1.43) 411 (1.56) 432 (11
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Discussion

The study reported here was designed to examine how the exposure to fear chemosignals
shape (a) the trade-off between intake activities (benefits) and vigilance behavior (threat
monitoring), and (b) the effectiveness in avoiding threatening events. To examine this, we relied
on a vigilance paradigm (Gomes & Semin, 2020) that simulates in the laboratory a “foraging
under threat” scenario, which is thought as the ideal context to study vigilance (see Beauchamp,
2015; Gomes & Semin, 2020). This paradigm was used in conjunction with an eye-tracker,
allowing us not only to examine the participants’ effectiveness in detecting and reacting to the

threat-related events but also to explore how they allocate their attentional resources.

Considering the possible predicted outcomes, the obtained results revealed that the
exposure to fear chemosignals (compared to rest chemosignals and no-sweat) modulated neither
the participants’ vigilance strategies nor the number of threatening changes they avoided.
Instead, the results indicate that the fear chemosignals speeded up their responses to the threat-
related events. In other words, the exposure to fear chemosignals revealed its effects not by
modulating participant’s threat-monitoring strategies, but by inducing faster answers when a
threat-related event was identified. An interesting implication of these findings is that they
suggest that olfactory danger cues may play a role in ‘mutual warning’ in the human species.
This ‘mutual warning-like phenomenon’ seems not to be driven by a higher number of
threatening events that are avoided but rather by the fact that individuals exposed to the danger
signal respond faster to threatening events than those who did not receive it (for a similar
argument in animal research see, for instance, Martin et al., 2006). Thus, in addition to previous
research pointing fear chemosignals as an alarm cue that increases sensory acquisition in its
recipients (e.g., de Groot et al., 2012, 2014, 2018), our results suggest a practical advantage of
being exposed to fear chemosignals in coping with danger events (i.e. faster threat avoidance

reactions).

From an evolutionary perspective, this capacity to communicate warning signals
through olfaction may have been advantageous in terms of survival. As already mentioned,
‘mutual warning’ involves transferring information between conspecifics (see Beauchamp,
2015). Hence, environmental factors (e.g., visual barriers; light conditions; noisy environments)
that interfere with information transfer decrease the effectiveness of the mutual warning.
However, olfactory communication, by remaining reliable in the presence of such factors (i.e.,
when other senses are blocked; see Lundstrom & Olsson, 2010), may have constituted a source

of information capable of overcoming environmental impediments.
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Interestingly, the perceived intensity and pleasantness between the chemosignals
conditions revealed no significant differences, ruling out the possibility that either dimension
could have contributed to the observed effects. Following previous studies (e.g., de Groot et al.,
2014; 2015; Radulescu & Muijica-Parodi, 2013), this suggests that the observed data pattern
was not driven by consciously perceived characteristics of the chemosignals but by the

emotional information that they carry.

The faster defensive reactions that were seen in the fear chemosignals condition may be
explained by a readiness (or preparedness) state triggered by this olfactory warning signal. In
fact, fMRI data from a study using anxiety body odors (i.e. sweat collected from humans
awaiting an academic examination; Prehn-Kristensen et al., 2009) have shown that exposure to
this type of olfactory stimulus (compared to exercise sweat) results in the activation of brain
areas responsible for, among others, the regulation of emotional responses and actions (e.g.,
posterior cingulated cortex; see Cato et al., 2004) and attentional control (e.g., anterior
cingulated cortex; Botvinick et al., 1999). Another fMRI study employing sweat from
individuals experiencing high levels of stress (i.e. sweat collected during first time skydiving;
Mujica-Parodi et al., 2009) reported that the exposure to this specific type of body odors
(compared to exercise sweat) results in the activation of the amygdala, a threat detection-related
brain area (e.g., LeDoux, 1996; Morris et al., 1999). On one hand, the activation of this network
involving attention, emotion, and threat detection-related areas suggests that this type of
olfactory stimulus is processed in a privileged fashion being treated as a warning stimulus. On
the other hand, this activation pattern indicates that fear-related chemosignals can signal an
imminent source of danger and possibly prepare its receiver to process and react to it. This
preparatory state induced by anxiety/high-stress sweat (compared to exercise sweat) also seems
to be confirmed by studies using event-related potential (ERPs). For instance, Rubin and
colleagues (2012) revealed that exposure to this specific type of olfactory danger signals was
associated with heightened late positive potentials (LPPs) to not only angry faces but also
neutral and emotionally ambiguous facial expressions (Rubin et al., 2012). Following the
authors' reasoning, these results indicate that this olfactory stimulus may modulate humans’
attention, enhancing attentiveness to otherwise irrelevant stimuli. We speculate that the results
obtained in our study are likely to be driven by a similar mechanism. Exposure to fear
chemosignals increases the attentiveness of the participants (i.e. readiness state) to the small
changes in the peripheral Gabor patches, allowing them to identify the threat-related events
faster than participants exposed to rest chemosignals or no-sweat. In fact, it is even possible

that this hypothetical readiness state triggered by fear-related chemosignals is not danger-
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specific. That is, exposure to danger-related olfactory cues may increase attentiveness in general
or just to peripherally presented stimuli (as suggested by the activation of facial muscles
involved in displaying fear facial expressions, which increase the size of the visual field; see de
Groot et al., 2012; Susskind et al., 2008). Further research manipulating the visual location,
where both the rewarding and threat-related events are presented, may be valuable to unriddle

the specific attentional mechanisms behind the observed effects.

An important question that needs to be clarified is why the exposure to fear
chemosignals (compared to rest chemosignals and no-sweat) does not modulate participants’
vigilance behavior. Vigilance, as an alertness state that governs risk monitoring, tends to
increase as the perceived threat risk increases, which consequently results in an increment of
the stress levels (see Beauchamp, 2015). Indeed, some animal studies have shown that vigilance
behavior is influenced by stress hormone levels (cortisol and norepinephrine; e.g., Hawlena &
Schmitz, 2010; Voellmy et al., 2014; but see Tkaczynski et al., 2014). We argue that in the
reported study the exposure to fear chemosignals did not increase the perceived threat risk (i.e.
the participants’ alertness) — as shown by the absence of significant differences between
chemosignals conditions in the reported stress felt during the experiment. This resulted in the
absence of significant differences in vigilance behavior. Instead, the exposure to fear
chemosignals just modulated participants’ behavior in a more basic way increasing, as already
mentioned, their attentiveness to otherwise non-relevant changes. However, this remains mere

speculation that needs to be addressed in future research.

An important limitation of the current study is the fact the 3 chemosignal conditions
were manipulated using a between-subjects’ design, which by definition leads to weaker
conclusions than a within-subjects comparison. Taking into account that the current study is
one of the first steps taken to explore the role of fear chemosignals in modulating vigilance and
threat detection efficacy, these results should be interpreted with caution. It is also important to
note that, in the current study, vigilance behavior was operationalized as the percentage of time
that the participants’ gaze was allocated to scan the surroundings. However, this is just one of
several possible measures that can be considered to describe risk-monitoring strategies (e.g.
scan duration and frequency; see Beauchamp, 2015). To improve our understanding of how
fear chemosignals modulate on human risk monitoring and threat detection strategies, we need
different vigilance indicators. Also, controlling receivers’ menstrual cycles and hormonal
contraceptives intake, which have been shown to alter the perception and effects of body odors
(e.g., Hornung et al., 2019; Nabergoj et al., 2020; Parma et al., 2012) may strengthen such

research.
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Taken together, our results indicate that fear chemosignals may constitute an important
warning signal for human beings driving a ‘mutual warning-like phenomenon’. The current
findings suggest that exposure to fear chemosignals is advantageous to cope with threat-related

events not by modulating threat monitoring, but by preparing receivers for faster reactions.
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Abstract

A growing body of research has shown that human apocrine sweat carries information about
the emotional state of its donor. Exposure to sweat produced in a fear-inducing context, triggers
in its receivers a simulacrum of this emotional state, as evidenced by increased medial frontalis
and corrugator supercilii (facial electromyography; fEMG) activity — two facial muscles
involved in the display of fear facial expressions. However, despite the increased interest in the
effects of emotional sweat, little is known about the proprieties of these chemical sweat
samples. The goal of this study was to examine if a second application of the same sweat sample
would yield reliable results. Specifically, we assessed whether sweat samples collected, from
Portuguese males (N = 8) in fear (vs. neutral) inducing contexts, produce similar fEMG
activations (i.e., in the medial frontalis and corrugator supercilii) in female receivers (N = 60)
across two independent applications (the first with Dutch and the second with Portuguese
receivers). Our findings showed that exposure to fear (vs. neutral) sweat resulted in higher
activation of both muscles compared to neutral odors, revealing a similar data pattern across
both applications underlining the feasibility of re-using emotional sweat samples. The

implications of these findings for properties of these sweat volatiles are discussed.

Keywords

Human olfaction; Body Odors; Fear; Fear Sweat; Re-use; Facial EMG
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Introduction

Compared to other senses, such as vision or hearing, human olfaction has been largely
neglected. This started to change in the late 1970s (e.g., Russell, 1976). The interest of the
scientific community in human sense of smell has been growing since then. One of the research
fields in this area that has experienced more development over the last few years is the study of
the social communicative function of human body odors (i.e., chemosignals; Semin & de Groot,
2013). However, while human chemosignals, as the medium carrying a wealth of information
is receiving increasing attention, the carrier itself, sweat, is relatively neglected. An important
question with considerable practical and theoretical relevance is how long sweat retains its
message carrying function. In other words, how many times can the same sweat sample be
used? To answer this question, we first provide a brief overview of the communicative function
of human chemosignals leading to the main focus of our research: how durable are the message

carrying properties of emotional body odor samples?

The accumulating research on the effects of human chemosignals on recipients has
revealed that these volatiles carry a wide range of information. For instance, human
chemosignals have been demonstrated to convey information about age (Mitro et al., 2012),
gender (Penn et al., 2007), health status (Olsson et al., 2014), familiarity (e.g., Lundstrom et al.,
2008), reproductive state (Stern & McClintock, 1998), genetic relatedness (Porter, 1998), as
well as affective states (e.g., Chen et al., 2006). Indeed, in the case of affective states recent
studies have shown that chemosignals induced during emotional states lead to a simulacrum of
the donor’s emotional state (e.g., fear and happiness; de Groot et al., 2015). Moreover, they
modulate a wide range of behavioral responses including mimicry of the donor’s facial
expression (see de Groot et al., 2017). For instance, the exposure to fear chemosignals results
in the activation of the medial frontalis and corrugator supercilii (de Groot et al., 2014), facial

muscles associated with the expression of fear (see Fridlund & Cacioppo, 1986).

While the field of the communicative function of human odors that are produced while
experiencing emotional states has grown considerably, there remain many challenges about
how to handle sweat samples (e.g., Parma et al., 2017). One of these is addressed by controlling
the bodily conditions to reduce variability between donors as much as possible while producing
sweat samples. These involve restrictions on, for instance, daily habits of donors (dietary,
hygienic and social restriction; e.g., Havlicek & Lenochova, 2006). The medium by which the
odors are collected is another item (e.g., t-shirts or pads; Roberts et al., 2005). Similarly, the
length of the sampling process (i.e., duration of the collection; Havlicek et al., 2006) and how

the sample is stored (e.g., the time that the samples spent in a freezer; see Lenochova et al.,
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2009) are issues that have been addressed. These are all crucial factors that can affect the final
odor sample, and ascertaining all aforementioned constraints is an expensive process, both in

terms of the time and monetary costs involved.

A common practice is to use a sweat sample only once. In other words, once a sweat
sample has been used for a specific participant, that sample is normally not used again. The
assumption driving this is that the properties of the volatiles responsible for whatever effect is
being examined might be reduced or have dissipated. Few studies have directly examined this
question. In a paper assessing the effects of freezing plain sweat samples, Lenochova and
colleagues (2009) explored how repeated thawing cycles influence the perceived intensity,
pleasantness, attractiveness, and masculinity of axillar sweat samples. The authors reported
only a significant increment of sweat intensity from the first to the second thawing cycle.
Nonetheless, the aforementioned study did not rely on emotional sweat samples and their
conclusions are only based on subjective indicators (e.g., perceived intensity). In another study,
de Groot and colleagues (2020), using a photo-ionization detector, quantified the volatile
molecules in fear and neutral sweat samples, across a first and a second application. The authors
showed that the re-used sweat released less volatiles when compared to its first use. However,
despite the lower number of volatile molecules emitted, the authors did not examine the effects
of the second-used sweat samples in communicating emotional information to their receivers.
Thus, the information we have regarding the effectiveness of using an emotional sweat sample
after it has been used once is sparse. The question that remains open is whether a second
application of an emotional sweat sample with the same parameters of its first use manifests the

same results in its receivers as it does the first time it is used.

If a second use of the same sweat sample produces similar results, then this would offer
a wide range of advantages aside from scales of economy regarding the costs of collecting sweat
samples. Obviously, this would reduce costs and time, by a second use of the same samples.
Additionally, this would also encourage replications by, for instance, other researchers who

could be given access to the sweat samples used in an experiment.

Equally important to these advantages is the type of information one would be able to
glean about the nature of the volatiles involved in the transmission of emotional information. It
is known that high volatile molecules disperse faster and travel longer distances, with the clear
advantage of carrying their ‘message’ to different locations, however, for shorter time periods.
In contrast, low volatile molecules do not travel long distances. The information they carry
remains for longer time periods at the place of their emission. Consequently, the message they

carry remains close to their location of emission, even when the sender is no longer there (e.g.,
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Pause, 2017; Pause et al., 1997). Consequently, one may surmise that if the second use of the
odor samples does not give rise to the same cognitive, behavioral or psychophysiological
reactions, then it is very likely that the message contained in the chemosignals is carried by
high volatile molecules. However, if their effects are comparable to those obtained in their first

use, then one could infer that the message is likely transmitted through low volatile molecules.

The current study’s main goal was to examine whether the sweat samples collected in
fear inducing and neutral contexts produce the same (or different) psychophysiological
responses in a second application. To answer this question, we used the same sweat samples
twice. The aim was to examine if the facial electromyography (fEMG) effects obtained the first
time would be reproduced in the second use of the sweat samples. Following previous research
(e.g., de Groot et al., 2014), we expected that the exposure to fear sweat (compared to neutral
sweat) triggers a stronger activation of the medial frontalis and corrugator supercilii, at least
in the first application of the sweat samples. Moreover, if re-using emotional sweat samples is
a viable approach, then the fEMG activation patterns would be comparable across both
applications of the sweat samples. Notably, the question regarding the re-use of fear sweat
samples was of an exploratory nature, relying on no strong a priori hypotheses regarding the

outcome of the results.

Method
Sweat Donors

Participants

Eight Caucasian Portuguese males aged between 21 and 35 (Mage = 27.5 years; SD =
4.87) gave their informed consent and participated on a voluntary basis in two sweat collection
sessions (fear and neutral-inducing sessions), each were separated by a week’s interval.
Participants were heterosexual, nonsmokers, not under any medication at the time of the
collection and did not have any reported psychological or neurological disorders. Following
previous guidelines regarding sweat collection (e.g., de Groot et al., 2015), only males were
included as sweat donors because of their larger and more active apocrine glands than females
(Zhou & Chen, 2009). Moreover, only heterosexual males were included as sweat donors
because only female participants were recruited as sweat receivers (please see the sweat
receivers’ section) and females seem to evaluate homosexual and heterosexual male sweat

differently (Martins et al., 2005).
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All the procedures for the sweat collection were approved by the host institution ethics
committee and were conducted in accordance with the standards of the American Psychological
Association and the guidelines of the Declaration of Helsinki.

Materials

Emotion induction film clips. In order to induce a fearful state or an unemotional
(which we label from here on as ‘neutral’) state necessary for the sweat collection sessions, we
selected, on the basis of a pilot study (N = 38), a set of short clips retrieved from horror movies
(fearful condition) and several nature/animal-related documentaries plus nature sceneries
(unemotional condition which we label as ‘neutral’) (for more information about the source of
the film clips, see appendix A). The results obtained in the pilot study revealed that participants
exposed to the fearful clips (N = 20) reported (using a 0-10 visual analogue scale with the scale
ends anchored as not at all [0] and very much [10]) to have experienced significatively more
fear (M = 6.63; SD = 3.62) than participants exposed to the neutral clips (N = 18; M = 1.03;
SD = 1.70) [t(27.60) = 6.21; p < .001]. In line with this, participants exposed to the neutral
clips also reported feeling significantly more neutral (M = 6.06; SD = 3.32) than participants
exposed to the fear-inducing clips (M = 2.00; SD = 2.31) [t(36) = 4.42; p <.001].

Self-report questionnaires. Similar to the procedure employed by de Groot and
colleagues (2015), sweat donors were asked to report - on O - 10 separated visual analogue
scales - to what extent they felt angry, fearful, happy, sad, disgusted, neutral, surprised, calm,

and amused during the sweat collection session.

Sweat production calculation. Sweat was collected using absorbent non-woven pads
(70% viscose, 30% polyester; Wells, Sonae SA, Portugal). To determine the amount of sweat
produced in each session, the pads were weighted using a Precisa scale (model: BJ 100M), with
.001g precision. The sweat production was calculated by subtracting the weight of the pads

after the sweat collection from the weight of the pad before the sweat collection session.

Procedure

As in previous studies (e.g., de Groot et al., 2015; Kamiloglu et al., 2018; Zhou & Chen,
2009), participants were instructed to follow a strict set of instructions 48 hours prior to both
sweat collection sessions (i.e., fear-inducing and neutral session). This was done to prevent

possible sources of odor contamination. In the two days that preceded each sweat collection,
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participants were instructed to shave their armpits and were not allowed to consume alcohol,
have sexual intercourse, consume odorous food (e.g., garlic, chili, pepper, onion), practice
excessive exercise, sleep in the same bed as their partner or pet, and also from using any type
of perfume or perfumed deodorants. Participants received fragrance-free personal care products
(i.e., soap, shampoo, and deodorant), and were only allowed to use these as their personal care
products during those two days. On the collection day, participants were not allowed to wear
any personal care products, even the deodorant that we provided them. Moreover, two hours
before each sweat collection, participants were instructed not to eat or drink anything other than

water.

Immediately before the sweat collection took place, participants were instructed to rinse
their armpits and dry them with paper towels. Then the experimenter, wearing latex gloves and
using hypoallergenic tape, attached the pads to the participants’ armpits. Before entering the
collection room, participants were given a sterilized t-shirt and sweater which they had to wear
during the collection. The temperature inside the collection room was kept between 23 and
25°C.

Participants were then exposed to one of the two emotion induction film sets (i.e., fear
or neutral). Each session lasted approximately 30-minutes. As in de Groot and colleagues
(2015), film clips were presented from the least to the most intense to create a gradual buildup
of emotional experience. At the end of each session, participants rated their feelings using
separate 0-10 visual analog scales. Pads were then removed and frozen at -80°C, separately in

Ambar vials.

Fear inducing and neutral sweat collections were separated with a week’s interval. After
completing the two collections, participants were debriefed and received monetary

compensation.

Statistical Analysis

Possible differences in room temperature and sweat production across the two sweat
collection sessions (fear-inducing and neutral conditions) were examined using separated

paired samples Student’s t-tests.

As for the self-reported affect, and because the data did not present a normal
distribution, separated non-parametric Wilcoxon tests were conducted to examine possible

differences in these variables, across conditions.
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The analyses were conducted using the IBM SPSS statistics (version 25.0; IBM Corp).

Sweat Receivers

Participants

Sixty-four female university students gave their informed consent and participated in
the experiment on a voluntary basis. Four participants were excluded from the experiment due
to psychiatric disorders, revealing ethnic backgrounds other than Caucasian, and a software
error that resulted in a loss of the data. Thus, 30 participants from Utrecht University (the
Netherlands), aged between 19 and 34 years (Mage = 23.20 years; SD = 3.11), took part in the
first sweat-sample use, and 30 participants from ISPA — Instituto Universitario (Portugal), aged
between 19 and 35 years (Mage = 23.93 years; SD = 5.32), were in the second use sweat-sample
experiment. All participants were right-handed, Caucasian, nonsmokers, who reported no
psychiatric or neurological disorders, no respiratory disease, and no illness, cold, or allergy.
Moreover, participants were screened for severe olfactory impairments (i.e., anosmia). All
participants appeared not to suffer from anosmia since they were able to clearly identify three
odors: cinnamon, fish odor, and banana (see Lotsch et al., 2016).

Only females were recruited due to their higher sensitivity towards emotional signals
and a better sense of smell compared to men (see de Groot et al., 2015; Zhou & Chen, 2009).
Moreover, research has shown that women perceive male sweat differently as a function of both
the donors’ and their own sexual orientation (Martins et al., 2005). Therefore, only heterosexual

women were included as sweat receivers.

Both the first and the second sweat-sample studies were approved by the host
institutions ethics committees (Utrecht university and ISPA, respectively), and were conducted
in accordance with American Psychological Association standards and the guidelines of the

Declaration of Helsinki.

Design

The present study employed a 2 sweat conditions (fear vs. neutral; within-subjects
factor) per 2 sweat applications (first vs. second use; between-subjects factor) design. Sweat
conditions were presented in a counterbalanced order, and neither the participants nor the
experimenter were aware of the conditions (i.e., double-blind experiment). Moreover, the first

and second sweat application were separated by approximately a year’s interval.
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Materials and Measures

Composition of Sweat Stimuli. As in previous studies (e.g., de Groot et al., 2015;
Kamiloglu et al., 2018), in order to reduce the effects of interindividual variability in sweat
production, pad pieces of four sweat donors were combined to create a “super-donor”. While
still frozen, each pad obtained from the sweat donors’ armpits was cut into 8 equal parts. Using
a randomization script, each final ‘super-donor’ sample consisted of four pad pieces (2 from
the left and 2 from the right armpits), coming from 4 distinct sweat donors. Each sweat receiver
was exposed to the same combination of sweat donors across the 2 sweat conditions. The
‘super-donor’ samples were prepared and coded by an independent researcher. Thus, the

experimenter was completely blind to the sweat conditions during the experiment.

Facial Electromyography (fEMG). Ag-AgCl EMG electrodes were bipolarly applied
to the left corrugator supercilii and medial frontalis, two muscles involved in displaying fearful
facial expressions (see Fridlund & Cacioppo, 1986). Only the facial left side was monitored
because it seems to display stronger affective reactions (compared to the right facial side) in
right-handed participants (see Dimberg & Petterson, 2000). The goal of the fEMG responses
was to compare the activity of the two muscles across the two sweat conditions, in the two

sweat applications.

EMG signal was collected using a Bionex 8-channel chassis, powered by the Biolab
(first sweat application: version: 3.0.0; second sweat application: version 3.2.0; MindWare
Technologies, Gahanna, OH). During the data collection, the signal was online filtered using a
20-200Hz bandpass filter. Before analyzing the data, the fEMG signal was also rectified and
smoothed with a 20 Hz low-pass filter using the software EMG Analysis (for both sweat

applications version 3.1.5; MindWare Technologies, Gahanna, OH).

Handedness Questionnaire. In order to control for possible effects of handedness on
EMG data (see Dimberg & Petterson, 2000), as well as to confirm that all participants were, in

fact, right-handed, a handedness questionnaire (see Williams, 1986) was used.

Sweat Ratings. Participants were asked to rate, in a counterbalanced order, the hedonic
value (pleasantness) and intensity of the sweat samples that they were exposed to during the
experiment on 7 points Likert scales. The scale ends were anchored with ‘very weak’ (1) and
‘very strong’ (7) in the case of intensity, and with ‘very unpleasant’ (1) and ‘very pleasant’ (7)

in the case of pleasantness.
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Sweat discrimination. Participants performed a two-alternative forced-choice reminder
task (de Groot et al., 2014) to evaluate their ability to discriminate between sweat sample
conditions (fear and neutral) that were used in the experiment.

Procedure

The procedure was replicated for the two odor uses, with the odor being conserved from
the first to the second use at -80°C in amber vials. The sweat samples were transported from
Portugal to the Netherlands, and then back to Portugal in dry ice. The first and the second sweat
application were separated by a year interval (see figure 1 for a general flowchart of the
procedure). Moreover, all data collection sessions were conducted by female experimenters to
avoid mood changes in the female participants that the presence of a male experimenter could
induce (see Jacob et al., 2001).

Each data collection session began by thawing the sweat samples an hour and half prior
to the start of the experiment. After entering the lab, participants were briefly given instructions
about the experiment and the task, plus the fEMG devices, that would be used. Then,
participants were instructed to fill in a socio-demographic questionnaire with some personal
information. The experimenter began by cleaning the skin on the left side of the participant’s
face and applying fEMG electrodes on the medial frontalis and corrugator supercilii muscles.
Following the fEMG setup, participants were then given instructions via a computerized task,
as those used in Kamiloglu and colleagues (2018). This was for replication purposes and the
collected data were unrelated to the goal of the present study, being our main focus the fEMG
activity. Next, participants filled out a handedness questionnaire while the experimenter put the
first vial (containing either a fear or a neutral sweat sample in a counterbalanced order) in a vial
holder (flexible claw). Then participants were instructed to place their head on a chin rest, and
the vial holder was adjusted such that the vial with the sweat sample was 2 cm below the
participant’s nostrils. After a brief practice phase that allowed participant to get familiar with
the task, and before starting the experimental task, the participants’ nostrils were closed with a
nose clip and they were told to direct their gaze at the fixation cross on the screen. The vial with
the sweat samples was opened and immediately after starting the experimental task, the
experimenter also removed the nose clip. The experiment began with a fixation cross that
remained on the screen for 5 seconds and then the computerized task proceeded. When the first
block was completed, the experimenter changed the vial and placed the second one containing
either a fear or a neutral-related sweat sample (counterbalanced). After a mandatory break of 5

minutes, the procedure for the experimental task was repeated for the remaining odor condition.
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At the end of the task (two blocks), fEMG electrodes were removed, and the participants were
asked to rate the hedonic value (pleasantness) and intensity of the sweat samples. Then
participants’ absence of severe olfactory impairments (LOtsch et al., 2016) and their capacity to
discriminate between sweat conditions were assessed. At the end of the experimental procedure,

participants were debriefed about the study’s main goals and received a monetary

compensation.

Each data collection session lasted 60 minutes - 15 minutes of facial preparation and
fEMG electrodes placement, and 40 minutes of experiment with a mandatory 5-minute pause
between sweat conditions. Each vial remained opened for 20 minutes.
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Figure 1: Flowchart of the general experimental procedure, from the sweat collection to the first and then the second sweat application. The
respective time intervals between the different phases, as well as the countries where they occurred, are identified.
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Data Preparation

Although the fEMG signal was continuously collected during the experiment, only the
first 4.6 seconds after the sweat exposure were extracted and analyzed. Firstly, the fEMG data
were checked for artifacts in intervals of 50ms. For each participant, each muscle and odor
condition, values higher than 2.5 median absolute deviation (MAD) units (Leys et al., 2013)
were marked as artifacts. Then, using participants’ facial video recordings, the identified
artifacts were visually inspected to ensure that they were associated with a non-odor related
movement (e.g., sneezing). If such was observed, then these artifacts were removed from the
signal, otherwise, they remained untouched. Missing data removed due to artifacts were linearly
interpolated, using the R package ‘Zoo’ (Zeileis & Grothendieck, 2005) (for information
regarding the mean percentage of interpolated data per participant, see Appendix B).

Following earlier studies (e.g., Kamiloglu et al., 2018), fEMG data were then averaged
in 200ms intervals: the first 3 intervals (600 ms) constituted the baseline (since the typical first
sniff starts at around 400ms; see Kamiloglu et al., 2018; Sela & Sobel, 2010); the remaining 20
intervals (4 seconds) constituted the target signal. In sum, the first 600 ms of collected signal
represented the baseline period and the next 4 second the test period. As in previous studies
(e.g., Kamiloglu et al., 2018), prior to the analysis, FEMG data were screened for outliers (within
variable, i.e., the 23 200ms intervals), defined as values exceeding (below or above) 2.5 median
absolute deviation (MAD) units (Leys et al., 2013). Participants with percentages of outlier data
above 75% were excluded from the final analysis [(number of excluded participants in the sweat
first use: fear condition medial frontalis = 1; fear condition corrugator supercilii = 3; neutral
condition medial frontalis = 2; neutral condition corrugator supercilii = 3); (number of
excluded participants in the sweat second use: fear condition medial frontalis = 4; fear condition
corrugator supercilii = 2; neutral condition medial frontalis = 4; neutral condition corrugator
supercilii = 2)]. As in previous studies (e.g., Kamiloglu et al., 2018), missing data due to outlier-
based removal were altered to be one unit above the next extreme score on that variable (see
Field, 2013) (for more information regarding the mean percentage of altered data per
participant, see Appendix C).

fEMG data analysis was based on baseline-corrected data, obtained by subtracting from

each 200ms segment the mean activity of the corresponding muscle’s baseline.
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Statistical Analysis

Regarding the fEMG data®, our aim was to examine whether exposure to fear sweat
samples (compared to neutral sweat samples) induces higher activity in the facial muscles
involved in fearful facial expressions (i.e., the medial frontalis and the corrugator supercilii),
in both the first and second use of the same sweat samples. Thus — after a visual inspection of
the residual plots that did not reveal any severe violation of the homoscedasticity or normality
assumptions — two separate linear mix models (LMM; one for each muscle) were conducted
including the subjects ID as a clustering factor, the muscle activation as the dependent variable,
linear and quadratic time (i.e., 20 200ms time intervals) as continuous independent variables,
and the sweat application (1% vs. 2" use; between subjects) and the sweat condition (i.e., fear
vs. neutral sweat samples; within-subjects) as predictors to the model. In order to estimate the
linear trend of time and to ease the parameter interpretation, the variable time was centered. As
fixed effects in the model, we consider the sweat use, the sweat condition, the linear and
quadratic time, as well as their 2-way and 3-way interactions. The quadratic effect of time was
considered because: (a) a visual inspection suggested that a quadratic trend provided a better fit
to the data pattern, which had also been seen in earlier studies (see for instance, Kamiloglu et
al., 2018 figure 3); (b) a combination of linear and quadratic effects of time allows to uncover
not only the general increment of the muscles activation over time (i.e., the linear effect), but
also the pattern of this increment (i.e., the quadratic effect). As the quadratic effect of time
proved to be significant (for both the medial frontalis and corrugator supercilii), it was retained
in the models.

As random effects, we considered random intercepts per subject, as well as by subject
random slopes for the sweat condition, linear time, and their interaction. Following Little and
colleagues (2000), any parameter with variance greater than 0 was left as random. Moreover,
the model was estimated using restricted maximum likelihood, and a Satterthwaite
approximation of the degrees of freedom was considered (see West, 2009). The LMM analyses
were performed using the GAMLj module (Gallucci, 2019) implemented with the jamovi

software (The jamovi project, 2019).

To examine possible differences in the perceived hedonic value (pleasantness) and
intensity of the sweat samples, two separate (one for the intensity and the other for the

! Regarding the fEMG activity, we changed the pre-registered analysis plan. Instead of the planned
repeated measures ANOVAS, we decided to use linear mixed models, which have been demonstrably
advantageous in analysing physiological data (e.g., Wolfinger, 1997). These advantages include, for
instance, the possibility to treat time as a continuous variable, add a quadratic description of non-linear
changes over time, and also to deal with individual variability across time (see Krueger & Tian, 2004).
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pleasantness), mixed 2x2 ANOVAs factorial design were conducted. Sweat condition (fear vs.
neutral sweat) was entered as the within-subjects factor and sweat application (first vs. second
use) was entered as the between-subjects factor. Finally, one-sample Wilcoxon signed-rank
tests were used to evaluate whether the participants were able to discriminate between sweat
conditions. These analyses were conducted using the IBM SPSS statistics (version 25.0; IBM

Corp).

Results
Sweat Donors

Concerning the self-reported questionnaires, the non-parametric Wilcoxon signed-ranks
test revealed that participants reported, as expected, more fear (N = 8; Z = -2.37; p =.016) in
the fear condition (Mdn = 3.60; IQR = 2.15 — 5.2) than in neutral condition (Mdn =.05; IQR =
.00 — 0.35). Regarding calmness, more calmness (N = 8; Z = -2.37; p =.016) was reported in
the neutral condition (Mdn = 9.60; IQR = 7.25 — 10.00) than the fear condition (Mdn = 3.65;
IQR =1.85-4.68), pointing to a successful emotional manipulation during the sweat collection
sessions. Furthermore, the results showed statistically significant differences in reported
happiness (N = 8; Z = -2.20; p =.031), with more happiness reported in the neutral condition
(Mdn = 6.35; IQR = 4.98 — 7.98) than in the fear condition (Mdn = 5.50; IQR = 3.93 — 6.75).
Surprisingly, no statistically significant differences were observed in the reported neutral affect
between the fear (Mdn = 4.85; IQR = 4.10 — 5.13) and the neutral (Mdn = 5.00; IQR = 4.63 —
5.20) conditions (N = 8; Z = -.28; p = .811). Moreover, no statistically significant differences
were observed between conditions in the reported anger (N = 8; Z = -.73; p = .625), disgust (N
=8; Z=-1.75; p =.130), sadness (N = 8; Z =-1.38; p = .203), surprise (N =8; Z =-1.02; p
=.359), and amusement (N = 8; Z =-1.01; p =.380). Figure 2 provides an overview of the self-

reported affect.
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Figure 2: Mean reported feelings by sweat donors, per sweat collection. Error bars represent
95% within- subjects confidence intervals.

Regarding the sweat production, a paired samples Student’s t-test evidenced that
participants in the fear condition (M = .06g; SD = .05) produced significatively more sweat [t(7)
= 2.56; p = .038] than in the neutral condition (M = .01g; SD = .01) (see figure 3), suggesting
that the emotional manipulation influenced participant’s sweat production. Additionally,
considering the room temperature (in Celsius), a paired samples Student’s t-test revealed no
statistically significant differences [t(7) = 1.16; p = .285] between the fear (M = 24.05; SD =
.76) and the neutral conditions (M = 24.13; SD = .64), ruling out the role of temperature in the

differences observed in the sweat production.
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Figure 3: Mean sweat production, in milligrams, per sweat collection. Error bars represent 95%
within-subjects confidence intervals.

Taken together, the results obtained from the sweat donors (N = 8) suggest a successful
emotion manipulation during sweat collection. Although the subjective fear ratings, in the fear
condition, are low, not exceeding the rating of neutral emotion, calmness, surprise, amusement,
and happiness (as can be seen in figure 2), the fear rating remains significantly higher than the
fear ratings for the neutral condition. Additionally, the differences observed in sweat production
— an objective measure — shows that the emotional manipulation modulated participants
perspiration. In line with previous research (see de Groot et al., 2015) more sweat was produced
during the fear than neutral condition. The observed low fear rating might be explained by a
social desirability. Due to cultural factors men tend to report lower levels of fear (e.g., Spiegler
& Liebert, 1970). However, as no social desirability measure was used, no strong conclusions

can be made.

Sweat Receivers
fEMG

Medial frontalis muscle. The LMM analysis (R%marginal = .05; R?conditional = .60) revealed
a significant main effect of the sweat condition (B = -.07; F(1, 60.9) = 4.89; p = .031; 95% ClI
[-.131; -.008]), suggesting that, overall, the fear sweat (M = .13uV; SE = .03) activates the
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medial frontalis muscle more than the neutral sweat (M = .06pV; SE = .03). Moreover, a
significant interaction between the sweat condition with linear time was also revealed (B = -
.01; F(1,53.3) = 4.24; p =.044; 95% CI [-.012; -2.88*10]), indicating that the activation of the
medial frontalis diverges between sweat conditions over time for the two sweat applications
(see figure 4). These results are in accordance with previous studies (e.g., de Groot et al., 2012,
2014, 2015; Kamiloglu et al., 2018), showing that the exposure to sweat produced under fear
states results in a higher activation (compared with the exposure to neutral sweat) of medial
frontalis - one of the facial muscles involved in the fear facial expression (see Fridlund &
Cacioppo, 1986).

Notably, the LMM showed no main effect of sweat application (B = .03; F(1, 57.7) =
34; p = .560; 95% CI [-.065; .121]), no interaction between sweat application and sweat
condition (B = .03; F(1, 60.9) = .30; p = .583; 95% CI [-.088; .158]), no interaction between
sweat application, sweat condition, and linear time (B = 4.64*107%; F(1, 53.3) = .65; p = .425;
95% CI [-.007; .016])], and no interaction between sweat application, sweat condition and
quadratic time (B = -4.72*10%; F(1, 1948.4) = .74; p = .390; 95% CI [-.002; 6.05*10*]). These
results indicate that there are no significant differences between the first and second use of the

sweat samples, pointing to the reliability of re-using sweat samples, at least a second time2.

Additionally, although not relevant to test our hypothesis, there was also a significant
main effect of linear (B = 4.91*103%; F(1, 53.9) = 7.23; p = .010; 95% CI [.001; .008]) and
quadratic time (B = -6.37*10%; F(1, 1948.4) = 21.51; p < .001; 95% CI [-9.06*%10*; -3.68*10"
41), and also significant interaction of sweat application per linear time (B = .01; F(1, 53.9) =
12.41; p < .001; 95% CI [.006; .020]). Moreover, there was no interaction between sweat
application and quadratic time (B =5.23*10*; F(1, 1948.4) = 3.62; p =.057; 95% CI [-1.59*10

2 To further support the observed non-significant differences between sweat applications, a log-
likelihood ratio test (LRT) comparing the reported model with a model without the 3-way interactions
was conducted, and the variance explained by each model was inspected (R%conditional). The LRT revealed
that no significant differences between the two models [X?(2) = 1.41, p = .495], and the R?conditional fOr
the two models were the same: .60. Hence, the variance explained by the two 3-way interactions is
apparently very small, providing further evidence - beyond the already reported p-values — for the
absence of differences between sweat applications.
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%, .001]), and no interaction between sweat condition and quadratic time (B = -2.25*10*; F(1,
1948.4) = .67; p = .412; 95% CI [-7.64*10%; 3.13*10%]).
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Figure 4: Mean activation of the medial frontalis in microvolts (uV), per sweat condition,
across sweat applications. Each time point represents a 200ms time bin. The shaded area
represents 95 % confidence intervals.

Corrugator supercilii muscle. The LMM analysis (R%marginal = .15; RZconditional = .78)
revealed a significant main effect of the sweat condition (B = -.30; F(1, 55.7) = 10.23; p =.002,;
95% CI [-.484; -.116]), with an overall stronger activation of this muscle when participants
were exposed to fear (M = .49uV; SE = .09) than to neutral sweat (M = .19uV; SE = .05).
Furthermore, a significant interaction between sweat condition and linear time was also found
(B =-.02; F(1, 54.7) = 6.45; p = .014; 95% CI [-.034; -.004]), suggesting that the activation of
the corrugator supercilii diverges between sweat conditions, over time, across sweat
applications (see figure 5). Once again, and in accordance with previous studies (e.g., de Groot
et al.,, 2014; Kamiloglu et al., 2018), these results showed that the exposure to fear sweat
(compared to the exposure to neutral sweat) results in a stronger activation of the corrugator
supercilii —another muscle related with the facial expression of fear (see Fridlund & Cacioppo,
1986).

Moreover, although a significant main effect of sweat application was revealed (B = .40;
F(1, 57.2) = 13.13; p < .001; 95% CI [.182; .609]), there was neither a significant interaction
between sweat condition and sweat application (B = -.37; F(1, 55.7) = 3.97; p = .051; 95% ClI
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[-.742; -.006]), nor a significant interaction between sweat application, sweat condition, and
linear time (B = 1.07*1073; F(1, 54.7) = .01; p = .943; 95% CI [-.028; .030]). These results
seems to indicate that, even though the two sweat applications had different overall activations
[first use: M =.14uV; SE = .08; second use: M = .54uV; SE =.08], the linear data trend did not
differ across the two sweat use conditions, suggesting, once again, that it is reliable to use sweat
samples a second time3. However, a significant interaction between sweat application, sweat
condition, and quadratic time was showed (B = 3.56*107; F(1, 1976) = 12.57; p < .001; 95%
ClI [.002; .006]), indicating that the quadratic data trend may vary between sweat applications
(see figure 4). Possible explanations for the observed differences in the corrugator activity

between sweat applications are explored in the discussion section.

Furthermore, and again not directed towards our hypotheses, we observed a significant
main effect of linear (B = .02; F(1, 56.4) = 20.76; p < .001; 95% CI [.013; .033]) and quadratic
time (B = -9.90*10*%; F(1, 1976) = 15.53; p < .001; 95% CI [-.001; -4.98e-4]), and also
significant interactions between sweat condition and quadratic time (B = 1.55*10°3; F(1, 1976)
=0.48; p = .002; 95% CI [5.63*10%; .003]), sweat application and linear time (B = .03; F(1,
56.4) = 11.66; p <.001; 95% CI [.015; .054]), and sweat application and quadratic time (B = -
1.23*10°%; F(1, 1976) = 6.01; p = .014; 95% CI [-.002; -2.47*10™]).

3 Once again, to further support the observed non-significant differences between sweat applications, a
log-likelihood ratio test (LRT) comparing the reported model with a model without the non-significant
3-way interaction was conducted, and the variance explained by each model were inspected (R2conditionat)-
The LRT test revealed no significant differences between the models with and without the 3-way
interaction [X?(1) =.006, p = .938]. Moreover, the R%congitionar fOr the two models was the same: .78.
Hence, the variance explained by the 3-way interaction seems to be very small, providing further
evidence for the absence of differences between sweat applications regarding the linear effect of time.
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Figure 5: Mean activation of the corrugator supercilii in microvolts (uV), per sweat
condition and sweat application. Each time point represents a 200ms time bin. The shaded
area represents 95 % confidence intervals.

Sweat ratings

Concerning the perceived intensity of sweat, results showed no significant main effect
for the sweat condition [F(1, 58) = .87; p = .354], no significant main effect for sweat use
condition [F(1, 58) = 3.60; p =.063], and also no interaction between sweat condition and sweat
use [F(1, 58) =.02; p = .877]. In sum, these results indicate that, participants did not perceive

a difference in sweat intensity across sweat conditions or sweat administration.

Similarly, regarding perceived pleasantness the results revealed no significant main
effect of the sweat condition [F(1, 58) = .04; p = .842], and no significant interaction between
the sweat application and the sweat condition [F(1, 58) = .64; p = .427]. However, a main effect
of the sweat application [F(1, 58) = 17.63; p = .018] was found, with the sweat samples -
regardless the sweat condition - were rated as more pleasant in the second (M = 4.32; SE = .22)
compared to the first use (M = 3.55; SE = .22). Thus, these results show that no difference in
pleasantness was consciously perceived between sweat conditions in both sweat use conditions.
However, from the first to the second use the perceived pleasantness seems to have increased
(see table 1).
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Table 1: Means and standard deviations (in parenthesis) of the subjective ratings of the sweat

stimuli

Fear Sweat Neutral Sweat

First Second First Second

Application  Application Application  Application

Subjective ratings of stimuli

Intensity (1 = very weak to 7 = very
trong) 290 (1.30) 237 (1.67) 273 (1.46) 213 (1.22)
strong

Pleasantness (1 = very unpleasant to 7 =
3.60 (1.30) 4.23 (1.50) 350 (1.11) 4.40 (1.57)
very pleasant)

Moreover, when both intensity and pleasantness were entered to the two separate LMMs
as control covariates, the interpretation of the results remained the same. Table 2 provides an
overview of the principal main effects and interactions after entering the aforementioned

covariates in the model.

Table 2: Principal main effects and interactions after entering the intensity and pleasantness as

covariates in the LMMs

Medial Frontalis Corrugator Supercilii

B F p B F p
Effect
Sweat Application .02 14 707 42 14.60 <.001
Sweat Condition -.07 526 .025 -.30 10.04 .003
Sweat Condition*Time -.01 428 .043 -.02 6.40 .014
Sweat Application*Sweat Condition .03 .25 .618 -37 3.93 .052

Sweat Application*Sweat Condition*Time 4.62*10° .64 428 7.74*10% 2.68*10° .959

Sweat Application*Sweat Condition*Time2 ~ -4.72*10* .74 391 3.56*10° 12.57 <.001
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Sweat discrimination

Regarding the first sweat use, a one-sample Wilcoxon signed-rank test revealed that
participants were successful in discriminating both the neutral (from the fear) sweat when this
was presented as reference sweat (median under the null hypothesis =.50; N = 30; Z = 2.67, p
= .008), and the fear (from the neutral) sweat when fear sweat was presented as reference
(median under the null hypothesis = .50; N = 30; Z = 2.00, p =.046).

As far as the second sweat application is concerned, the results also evidenced that
participants were able to discriminate the neutral (from the fear) sweat sample (when presented
as reference)(median under the null hypothesis = .50; N = 30; Z= 2.67, p = .008), but not the
fear (from the neutral) sweat sample (when this sample was presented as reference) (median
under the null hypothesis = .50; N = 30; Z = .89, p =.371).

Discussion

The aim of the research reported in this paper was to test whether sweat samples (i.e.,
fear and neutral) obtained from donors can be reliably used on two separate occasions. We
compared psychophysiological responses (i.e., fEMG) obtained across two administrations of
the same odors (fear vs neutral) with a year’s interval. The results of the study showed that, in
both the first and the second administration of the sweat samples, the exposure to fear sweat
(compared to neutral sweat) triggered a significantly higher activation of the facial muscles
involved in the fear facial expression (i.e., the medial frontalis and the corrugator supercilii;
Fridlund & Cacioppo, 1986). Furthermore, the perceived intensity and pleasantness between
the sweat samples revealed no differences within each of the two applications of the sweat
samples, ruling out the possibility that either dimension could have contributed to the observed
distinct fEMG activation patterns between the fear and neutral sweat conditions (e.g.,
Kamiloglu et al., 2018). This set of results show that it is reliable to re-use sweat samples

collected in emotion contexts, at least a second time.

The conclusions presented here have a number of relevant implications for research on
human chemosignals produced under emotional conditions. Being able to use the same sweat
sample twice: (1) reduces the amount of sweat required to run a study; (2) reduces expenses;
(3) facilitates possible replication studies (even across labs); (4) allows researchers to conduct
studies with larger sample sizes, thus limiting potential criticisms of sample sizes used in

research with chemosignals (for a similar argument see Lenochova et al., 2009).
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The robustness of re-using sweat samples becomes even more remarkable when one
considers that the sweat samples were collected from Portuguese donors and then sent to the
Netherlands where they were first used. In this case, the receivers were Dutch. The sweat
samples were then sent back to Portugal, where they remained frozen at -80 °C for a year before
the second application of the sweat took place. This time, however, the receivers were
Portuguese (see methods section). The second application produced comparable fEMG findings
suggesting that the emotional information carriers in the sweat were not lost, despite a year’s

interval between the two applications.

The only difference between the first and second applications was observed in the case
of the corrugator supercilii activity. There was an overall stronger muscle activation in the
second compared to the first sweat application, along with a distinct quadratic time data trend.
Thus, although the data pattern was similar, some differences were observed between the two
applications. It is difficult to interpret this difference, since there are multiple possible
contributors to the observed difference between the two applications. The equipment was
identical in both studies. A speculative account can be that the difference between the first and
second applications may have resulted from potential cultural differences between sweat donors
and receivers. It is hypothetically possible that the Portuguese frown more in general and the
sweat sample, therefore, leads to a stronger corrugator supercilii response in the Portuguese
sample than the Dutch sample. It is possible that the sweat from Portuguese donors may be
more familiar to Portuguese than to Dutch receivers, which might have increased the
pleasantness ratings of the sweat (for a relation between repeatedly exposure to odor and
increased pleasantness see Delplangue et al., 2009), and also the corrugator supercilii activity.
But this remains mere speculation. On the other hand, and considering that the sweat samples
(regardless the sweat condition) were rated as more pleasant in the second compared to the first
application, it is also possible that the reuse of the samples, their shipping, and/or the one-year
storage may have changed some of the chemical properties of the samples. Consequently, these
possible changes may have induced the stronger corrugator supercilii activation observed in
their second application. Hence, it is important to note that we are not claiming that our results
show that the chemical composition of the sweat samples remained unchanged between
applications. Instead, our argument is that, despite possible chemical changes in the sweat

samples, the chemicals responsible for the fear signal were preserved across applications.

The findings of our research provide also some cues about the properties of the
emotional sweat samples. To date, few attempts have been made to unravel the chemical

properties of human sweat (e.g., Penn et al., 2007; Smeets et al., 2020). Consequently, what we
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know about sweat volatiles that carry emotional information is limited. In a recent study, de
Groot and Colleagues (2020) evidenced that fear sweat emits a higher quantity of volatiles than
neutral sweat. However, the quantity of volatiles emitted significantly decayed in a second
application of the same sweat samples (see de Groot et al., 2020). The data from the
aforementioned study, together with our results, seems to suggest that, although the quantity of
volatiles is reduced in a second application of the same sweat samples, the chemical compounds
communicating fear information were preserved. Moreover, as we already mentioned in the
introduction, high volatile molecules are known to spread faster than low volatile molecules,
conveying their information to distant locations. In contrast, low volatile molecules remain at
the same location for longer periods of time, retaining their ‘message’ (see Pause, 2017; Pause
et al., 1997). The fact that the two emotional sweat sample applications induced the same
psychophysiological reactions across time (one year) and location (Utrecht and Lisbon)
indicates that the volatiles preserved the relevant information. This suggests that low volatile
molecules are the more likely carriers of the emotional information. It is then hypothetically
possible that the decrease in the quantity of volatiles’ from a first to a second application of the
same sweat samples, observed by de Groot and colleagues (2020), has been related with high
volatile molecules — which are likely to be the first ones dissipating. The molecules that
remained from the first to the second sweat application — i.e., the low volatile compounds —
may have continued to carry the fear-related information to their receivers, resulting in the

comparable fEMG activation patterns observed in our study.

Nevertheless, it is important not to forget that de Groot et al. (2020) quantified the sweat
volatiles that were released by a continuous flow olfactometer, which is inherently different
from the sweat delivery method used in our study - sweat was sampled with pads which were
then put in vials and presented to receiver participants. It is, therefore, possible that the different
delivery methodologies have affected the outcome of the studies — the continuous airflow in the
olfactometer, in de Groot et al (2020), could have diluted the sweat stimulus to a greater extent
(compared with the delivery method used in our study), reducing the quantity of volatiles
available in the second application. Further research is required to assess whether our findings

generalize to alternative delivery methods (e.g., an olfactometer; Lundstrom et al., 2010).

A final consideration that might prove relevant and perhaps limit the scope of our
conclusions is that our senders and receivers were males and females respectively. Although
this procedure is common to most studies(e.g., de Groot et al., 2012, 2014, 2015; Kamiloglu et

al., 2018), it is nonetheless a variable that requires addressing.
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Lastly, Smeets and colleagues (2020) recently took the first step in uncovering the
chemical fingerprint of fear sweat. In their work, the authors showed that the fear and the neutral
sweat have distinct chemical signatures, providing a list of candidate chemical classes
associated with emotional sweat. Considering our results, together with the findings from de
Groot et al (2020), future chemical analyses could benefit from using sweat after it has been
used once — compounds that are not strictly necessary to communicate fear through olfaction
may dissipate in a first application of the sweat samples, reducing the noise in chemical analyses

using second application sweat samples.

In conclusion, we have been able to show that re-using fear (and neutral) sweat samples
is feasible as they induce similar fEMG activity in their receivers across a first and second
application. To our knowledge, this is the first study that approaches this issue which aside from
practical implications for future research with human chemosignals, raises potentially
interesting questions regarding the chemical properties of emotion-inducing human odors. Are
the carriers of emotion-related information in human odors high or low volatiles? The tentative

direction our research suggests is that low volatiles carry emotion relevant information.
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Appendix A. Information about the source of the selected film clips

For the fear-inducing condition, the clips were selected from the following terror films:
The Nun (04 min 54 s), Mamma (07 min 40 s), Sinister (02 min 07 s), The Descent (02 min 41
s), The Grudge (02 min 10 s), REC 1 (02 min 53 s), Insidious (04 min 55 s), and A Tale of Two
Sisters (07 min 30 s).

Regarding the neutral condition, the clips were part of the documentaries Solar eclipse
(02 min 37 s), The Secret Life of Birds (04 min 25 s), The Transit of Venus (03 min 02 s),
Equator: Battle for the light (02 min 12 s), Do we need the moon? (02 min 09 s), Discovery
decade (01 min 42 s), Portugal Earth (03 min 08 s), Wooly mammoth (03 min 36 s), and nature
sceneries retrieved from YouTube (11min 40 s).

Appendix B. Mean percentage of interpolated data per participant

Sweat first use: fear condition medial frontalis = 4.07%; fear condition corrugator
supercilii = 6.83%; neutral condition medial frontalis = 6.27%; neutral condition corrugator
supercilii = 6.37%.

Sweat second use: fear condition medial frontalis = 4.02%; fear condition corrugator
supercilii = 6.01%; neutral condition medial frontalis = 4.96%; neutral condition corrugator

supercilii = 6.38%.

Appendix C. Mean percentage of altered outlier data per participant

Sweat first use: fear condition medial frontalis = 10.34%; fear condition corrugator
supercilii = 3.56%; neutral condition medial frontalis = 9.14%; neutral condition corrugator

supercilii = 5.19%.

Sweat second use: fear condition medial frontalis = 11.71%,; fear condition corrugator
supercilii = 11.18%; neutral condition medial frontalis = 7.86%; neutral condition corrugator

supercilii = 9.63%.
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Chapter VII:
General Discussion
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Avoiding threat sources is an adaptive process of considerable relevance for the species.
Hence, several species have developed strategies to efficiently monitor the surrounding
environment looking for danger (i.e. vigilance) without compromising other survival-relevant
activities (e.g., foraging for food, mate-seeking) (see Beauchamp, 2015). Humans are no
exception, being continuously exposed to individual and collective threats (e.g., Reason, 1997)
and in need of a proper attentional balance between vigilance and other relevant activities (e.g.,
Kameda & Tamura, 2007). Inspired by vigilance research in social animal species (e.g.,
Pulliam, 1973) and recent research on danger communication through chemosignals (i.e. fear-
related chemosignals; de Groot et al., 2017), the present thesis aimed to bring further insights

into the regulation of this attentional trade-off in human beings.

Within this broader topic, | present 5 studies exploring how conspecifics directly (i.e.
through their presence) or indirectly (i.e. by releasing sensory cues signaling danger) modulate
individual vigilance strategies and threat detection. In the following, we start by giving a brief
summary of the results obtained in each study. Then, across 3 sections, a discussion is provided
about how these findings are related to each another and their added value to social psychology
and threat detection research. The first section is dedicated to the role of conspecifics’ presence
in modulating vigilance strategies and threat detection (chapters 11 to IV). This charts out the
relation between our results and the animal models described in the literature (see Beauchamp,
2015), and their relationship with other social phenomena (e.g., social buffering; Bratec et al.,
2020; Hornstein & Eisenberger, 2018; Hostinar et al., 2014; Kikusui et al., 2006). The second
section is focused on how fear-related chemosignals prepare their receivers to deal with
dangerous stimuli (chapters V and VI). The results (particularly the ones described in chapter
V) are integrated with a very recent model proposed by us (Semin & Gomes, under review)
regarding the function of chemosignal driven emotion-related information. In the third section,
some limitations of the studies reported in this thesis and new directions for future research are
covered. To conclude, possible practical implications of our findings and a set of final remarks

are provided.

Summary of main findings

The first study (chapter 11) was designed to investigate whether human beings use
similar vigilance strategies as other social species. Specifically, we examined the role of the
mere presence of conspecifics (vs. an alone condition) in modulating vigilance and how it
relates to the detection and avoidance of threatening events. To achieve our goal, we developed

and employed an innovative paradigm representing a foraging under a threat risk situation (i.e.,
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the “foraging-vigilance task”). This paradigm was planned to have a laboratory simulation of
the evolutionary trade-off between risk-monitoring and other survival-relevant activities.
According to several authors, this represents the ideal context to study vigilance because it
stimulates the natural conditions where this defense behavior seems to have evolved (see
Beauchamp, 2015). Using a state-of-the-art eye-tracking device, we confirmed that human
beings display vigilance behavior, which has a threat detection function in situations of
imminent danger (but see Dunbar et al., 2002). Remarkably, as in the case of other social
animals, the presence of conspecifics strongly modulates the adaptive trade-off between risk-
monitoring and intake-activities in human beings (see also Wirtz & Wawra, 1986). Our results
clearly showed that in the mere presence of conspecifics (compared to the alone condition)
participants allocated more attentional resources to foraging and reduced the time dedicated to

vigilance. Consequently, the likelihood of detecting peripheral threatening events was reduced.

The second study (chapter 111) assessed if the presence of conspecifics (vs. an alone
condition) reduces the perceived threat in ambiguous dangerous situations. This increased
safety given by the presence of conspecifics has been hypothesized in animal research as one
of the precursors of vigilance reduction in group conditions. Our aim was to understand whether
this mechanism was also present in human beings. In an online study, we asked participants to
envision themselves (either alone, in the company of 2 friends, or in the presence of 2 strangers)
in several dangerous situations. Participants rated how threatened they would feel and how
likely it was that they would be harmed in each of the scenarios. As hypothesized by early
theories of animal gregariousness (e.g., Galton, 1871; Hamilton, 1971) and vigilance studies
(e.g., Barash, 1972; Caraco et al., 1980a), our results showed that when participants envisioned
themselves in the presence of conspecifics (compared to an alone condition) perceived threat
was reduced. Arguably, these data support the hypothesis that conspecifics' mere presence
reduces the attentional resources allocated to vigilance by increasing the safety feeling, thus
reducing individuals’ alertness level. Moreover, envisioning themselves in the presence of 2
friends or 2 non-threatening strangers did not produce significant differences. This data
suggests that regarding threat appraisals, the simple presence of conspecifics increases safety
feelings, irrespective of whether participants had a social connection to the target individual or

not.

The study in chapter IV aimed to go one step further and explore whether different group
contexts (i.e., competitive and cooperative contexts vs. mere presence) shape vigilance
strategies distinctively. In this experiment, we used the “foraging-vigilance task” with different

sets of instructions leading participants to believe that they were competing or cooperating with
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others (confederates) in the same room (compared with the mere presence condition). The
results showed that perceiving conspecifics as competitors or cooperators neither modulated
vigilance nor threat detection and was not different from the mere presence condition either.
These data suggest that perceiving conspecifics as competitors or cooperators is not sufficient
to increase/decrease individuals’ alertness and consequently modulate vigilance. It is possible
to speculate, together with earlier research (e.g., Kameda & Tamura, 2007; Kuroda & Kameda,
2019), that competitive and cooperative contexts may play a role in governing individuals’
vigilance strategies only when conspecifics interact with them, using the behavior of others as

a cue to tune their own.

In chapter V, we turned to the effects of fear-related chemosignals on vigilance and
threat detection. Specifically, in this chapter, we reported an experiment exploring whether the
exposure to fear-related chemosignals (vs. rest chemosignals and a clean air condition)
modulates vigilance and threat detection during the “foraging-vigilance task”. Our results
indicated that exposure to fear-related chemosignals had no impact on the individuals’ vigilance
strategies but triggered faster reactions to avoid imminently threatening events. Notably, these
results suggest that exposure to fear-related chemosignals does not increase participants’
alertness and consequently their vigilance levels. Instead, the exposure to these danger-related
olfactory cues triggers an unconscious readiness state, preparing participants to detect and avoid
potentially dangerous events.

Finally, chapter VI reports a methodological study examining the reliability of using the
same fear-related chemosignal samples a second time. Using facial EMG, we replicated
previous findings (e.g., de Groot et al., 2014a) showing that the exposure to fear-related
chemosignals (compared to rest chemosignals) produces stronger activation of the facial
muscles involved in facial fear expressions (i.e. the medial frontalis and the corrugator
supercilii; see Fridlund & Cacioppo, 1986). Moreover, this effect was similar across 2
applications of the same sweat samples. These results indicate that samples of fear-related
chemosignals can be re-used, reducing the monetary and time cost of research employing
chemosignals. Notably, these findings also allow us to speculate about the properties of the
molecules carrying the “fear-related information” in the chemosignal. The fact that the chemical
information remains functional from a first to a second use of the same samples suggests that
the molecules involved in carrying the “fear information™ are low volatile molecules that stay

in the place where they were released for extended periods of time (e.g., Pause et al., 1997).
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Vigilance and threat detection: The modulatory effects of the presence of conspecifics

Altogether, the findings reported in chapters Il to 1V bring the notion that the presence
of non-threatening conspecifics automatically reduces participants’ perceived threat-risk and
the attentional investment in vigilance (relative to alone conditions). Consequently, individuals
can focus to a greater extent on other survival-relevant activities (e.g., intake or rewarding
activities as in the case of our experiments). Moreover, the time allocated to vigilance predicted
the percentage of avoided threat-related events. The higher the attentional resources allocated
to vigilance, the higher the detection of peripheral changes, suggesting that in threatening
contexts, humans’ vigilance behavior still serves threat avoidance purposes (but see Dunbar et
al., 2002). Remarkably, this set of findings, aside from being in line with previous observational
studies with human beings (Barash, 1972; Wawra, 1988; Wirtz & Wawra, 1986), strongly
converges with the extensive animal behavior literature on vigilance (see Beauchamp, 2015).
Being in a group reduces the individuals’ alertness state (e.g., lower cortisol levels in sheep
living in larger groups; Michelena et al., 2012), leading them to invest less attentional resources
(e.g., time) in risk-monitoring (Blumstein et al., 1999; e.g., Fordyce & Agrawal, 2001;
Gosselin-ildari & Koenig, 2012; Rieucau et al., 2010).

To understand the convergence between animal and human findings, one may
hypothesize a possible common evolutionary pressure shaping the effects of conspecific’s
presence on threat appraisals and risk-monitoring strategies. As aforementioned, to survive and
prosper, animal species had to develop strategies that allow them to efficiently monitor danger
(i.e. vigilance) without sacrificing other survival-relevant activities to an extent that impairs
their well-being and reproduction. Group living might have been the answer to this evolutionary
challenge (e.g., Wilson, 2007). As suggested by several prominent theories (see Galton, 1871,
Hamilton, 1971; Williams, 1966), gregariousness probably owes its origins to survival reasons
because living in a group strongly increases individuals’ safety. As discussed several times in
this thesis, the presence of conspecifics is thought to reduce individuals’ odds of being harmed
by an incoming threat. In fact, group situations seem to increase individuals’ survival chances,
because conspecifics can provide sensory cues signaling the imminence of dangerous events
(i.e. “many-eyes effect” and “mutual warning”; e.g., Caraco et al., 1980b; Galton, 1871) or act
as additional targets for threat stimuli (i.e. “risk dilution”’; e.g., Bertram, 1978; Hamilton, 1971;
Williams, 1966). Additionally, increased safety allows engagement in activities other than
vigilance such as foraging, mate searching, or nurturing, increasing individuals’ fitness and

chances of offspring production.
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Considering what was mentioned in the previous paragraph, it is possible to speculate
how gregariousness became an innate characteristic of animal species known nowadays as
social. Considering a “Baldwin approach™ to evolution (e.g., Baldwin, 1896; Heyes et al.,
2020; Simpson, 1953), the constant pressure exerted by threat encounters (e.g., predators) may
have led the phylogenetic ancestors of diverse species, through trial and error (i.e. learning), to
stay close to conspecifics seeking for safety and become social. As a result, this initially learned
behavior increased individuals’ survival chances, and further potentiated the transmission of
their genetic information to future generations. Thus, any type of genetic variation that
facilitates gregarious behavior increasing a sense of safety would have been favored by natural
selection. As a consequence, these features might have been marked in species’ genetics. In
other words, any mutation that had facilitated and automatized gregarious behavior reducing
the need for environmental inputs to gather in herds should have been kept by evolution. This
way, an automatic drive to gather in herds, and consequently feeling safer in group contexts,
may have become an innate characteristic of gregarious species, being marked in their genotype

(for a similar argument regarding fear leaning, see Heyes et al., 2020).

This defense mechanism and its automatization have obvious advantages, especially if
one considers animal species like our own. Humans are rather limited in speed and strength
compared to other deadly animals (e.g., snakes; see Isbell, 2006, 2009). In fact, the strong
evolutionary pressure exerted in species with a physically weak constitution (i.e. humans) is
thought to be the precursor of not only gregariousness but also the development of strong social
networks, allowing human beings to think, cooperate, and work together to defend themselves
(see for instance Cacioppo et al., 2006; Wilson, 2007). Thus, considering that living in a group
provided increased safety for our evolutionary dominance and that this advantageous adaptation
is likely marked in the species' genetics, it is not surprising that the importance of sociality still
holds nowadays in our species. Even in modern societies considered individualistic, sociality is
still so crucial for our daily lives that 80% of the awake-time is spent in the presence of other
conspecifics (Hawkley & Cacioppo, 2010; e.g., Kahneman et al., 2004). Human beings
continue to feel safer when conspecifics are present (compared to when they are alone, chapter

I11), despite numerous modern mechanisms that ensure our safety. The presence of others is

! Proposed by James M. Baldwin more than 130 years ago, the Baldwin effect (Baldwin, 1896) describes a
hypothetical process in which ontogenetic responses acquired through learning gain a genetic base. In other words,
individuals can find potential solutions to cope with environmental challenges more efficiently through learning
than through random genetic variation. Once a solution is found, it can aid the sustain of the adaptive genetic
phenotype the sufficient amount of time for it become genetically assimilated or “Baldwinised” (Heyes et al.,
2020).
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still reassuring, reducing attention to sources of danger and increasing intake activities (chapter
).

In fact, the importance of conspecifics in shaping our daily life, particularly in dealing
with threatening events, was already proposed by earlier psychological research. The effects of
the presence of conspecifics seem to go beyond modulating threat appraisals (chapter 111) and
risk-monitoring (chapter Il), also impacting the stress response of already “harmed” individuals
(see Beckes & Coan, 2011; Coan & Sbarra, 2015). Research in several social animal species
(e.g., Hennessy, 1984, 1986; Vogt et al., 1981) including human beings (e.g., Kirschbaum et
al., 1995; Taylor et al., 2008) on a phenomenon termed “social buffering” indicates that the
presence of conspecifics with a social connection to the “harmed” individual (e.g., friends,
romantic partner, relatives) mitigates the psychological, physiological and hormonal responses
associated with stress? (e.g., Epley, 1974; Hornstein & Eisenberger, 2018; Hostinar et al., 2014;
Kikusui et al., 2006). For instance, this line of research has shown that the presence of
conspecifics reduces the individuals’ stress hormones secretion (i.e. cortisol; Kirschbaum et al.,
1995) and impacts their cardiovascular, blood pressure, and skin conductance responses in
laboratory-induced stress situations (e.g., Gerin et al., 1995; Thorsteinsson & James, 1999).
Moreover, the presence of conspecifics seems to mitigate pain experiences reducing the stress
response triggered by them (e.g., Eisenberger et al., 2011; Younger et al., 2010). This appears
to be true also for fear learning? (i.e. conditioning through electrical shocks). Conspecifics with
a social connection with the “harmed” individuals reduce their fear acquisition and enhanced
fear extinction (Hornstein et al., 2016, 2018). In fact, conspecifics are apparently so relevant in
dealing with stress (e.g., threat-related events), that being in harmful situations seems to foster
the establishment of social connections between human beings (Friedman, 1981; Zucker et al.,
1968).

Interestingly, it is thought that the presence of conspecifics buffers stress responses
because it is processed as a safety cue (see Hostinar et al., 2014). Analogous to what we have
argued above regarding reduced threat appraisals and vigilance in group contexts, it has been
hypothesized in social buffering research that the presence of conspecifics may trigger a
“preparedness for safety” (Hornstein & Eisenberger, 2018; Jacobs & LoLordo, 1977). That is,
by potentially providing increased resources to deal with a stressful event (i.e. help), the

presence of conspecifics automatically increases the harmed individual’s perceived safety,

2 Defined here as “a real or interpreted threat to physiological or psychological integrity of an individual that
results in psychological and/or behavioral responses” (McEwen, 2000, p. 508).

3 Which is an emotional state that, considering a functional perspective (Adolphs & Andler, 2018; Ohman &
Mineka, 2001), has the role of preparing mind and body to cope with threat stimuli.
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downregulating the brain activity associated with stress feelings, and buffering the stress
response (Bratec et al., 2020). In fact, this mechanism may have critical survival advantages by
reducing the damaging effects of stress on health (McEwen, 2008; Miller et al., 2011). Hence,
due to its survival benefits, some authors have defended that the mechanisms associated with
social buffering (as we argued above for threat appraisals and vigilance) may have been selected

by evolution and hardwired in our genetic makeup and neural system (e.g., Carter, 1998, 2003).

Compared to phenomena we have explored in the current thesis (i.e. vigilance and threat
appraisals), a distinct aspect of social buffering is the fact that the presence of conspecifics with
no social connection to the harmed individual (i.e. strangers) have reduced or no impact on
stress responses. In other words, in our studies, the presence of strangers (i.e. confederates)
reduced the attentional resources allocated by participants to risk-monitoring (compared to an
alone condition; chapter II), and no difference was observed between individuals envisioning
themselves in the presence of 2 strangers or 2 friends regarding threat appraisals (for a
discussion of the limitations of this type of study see chapter I11). However, in the case of the
research examining social buffering, a social connection between the harmed individual and the
present conspecifics seems to be crucial in buffering the stress response (see Krahé et al., 2013).
Although speculatively, this distinct role of the presence of strangers reducing vigilance
(chapter I1) and threat appraisals (chapter 111) but having no impact on the stress response of a
“harmed” individual might be explained, as we argued below, by the different nature of the

processes examined in our studies when compared with the research on social buffering.

Contrary to social buffering research, our studies did not focus on the role of the
presence of conspecifics in dealing with threatening events that have already occurred (i.e.
threat coping). Instead, what we examined was how threatened individuals felt in situations
where a threatening event could occur (i.e. threat appraisals; chapter 111) and the attentional
resources devoted to detected and avoid it (i.e. vigilance; chapter II). In other words, we
examined 2 preventive processes that take place before a threatening event actually affects the
individual. Arguably, such as briefly discussed in chapter Ill, in these cases, the presence of
conspecifics regardless of their social connection to the target individual (see also chapter V)
may always be construed as lowering the likelihood of being harmed by a possible threatening
event. Vigilance research on social animal species (Beauchamp, 2015) suggest that this happens
because the presence of conspecifics can act as additional threat detectors (i.e. “many-eyes
effect” and “collective detection”; e.g., Caraco et al., 1980b; Galton, 1871) or as alternative
targets for incoming danger (i.e. “risk-dilution”; e.g., Bertram, 1978; Hamilton, 1971; Williams,

1966). Consequently, when a threatening event is still just a probability, the presence of
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conspecifics, even if strangers, always reduces the individual threat-risk. As noted by Beckes
and Coan (2011, pp. 978-979) in their “Social Baseline Theory”, “...risk distribution does not
imply familiarity or relational partnerships. It is simply a numbers game, where group size

changes risk exposure...”.

However, once a threatening event occurs and a given individual is affected, being in
the presence of conspecifics with a social connection or in the presence of strangers may make
a difference in terms of safety and helping resources (associated with the social buffering
phenomenon). If there is no social connection between the harmed individual and the
conspecifics in the surrounding environment, cooperating to defend or helping others may not
be the immediate choices. Decades of social (for a review see Smith et al., 2015, Chapter 14)
and evolutionary (e.g., Axelrod & Hamilton, 1981) research on prosocial behavior (e.g.,
altruism, cooperation), has shown that human beings still need to be somehow motivated to
help even when others need help and social norms suggest that a given individual should be
helped. Among others, a crucial variable motivating the decision to help is the existence of a
social connection between the conspecifics and the harmed individual (e.g., being friends). The
role of social connections in emerging help (e.g., altruistic behavior) between conspecifics was
firstly noted by several prominent evolutionists decades ago (e.g., Darwin, 1871; Hamilton,
1964; Williams, 1966), and there is no doubt nowadays that people are more likely to help a
friend or a relative than a stranger (Curry & Dunbar, 2013). In fact, even a small social
connection between individuals appears to be crucial to turning a mere bystander into a likely
helper (Solomon et al., 1981). This seems to be especially true in threat-related scenarios, with
some research showing striking similarities in brain responses to threats directed at the self and
at friends, but not at strangers (Beckes et al., 2013). Hence, once a threatening event affects a
given individual, being in the presence of conspecifics with whom the individual has a social
connection or in the presence of strangers may be critical for the probability of being helped
(see also Beckes & Coan, 2011). In other words, friends are more likely to provide help than
strangers when an individual is harmed, reducing the consequences of, for instance, a threat

encounter.

Having said that, one could argue that the distinct role of the presence of strangers in
modulating threat appraisals and vigilance (chapters 11-1V) or the stress response of an already
harmed individual (social buffering research) may be related to their distinct contribution in
diluting risk (as in the case of our studies) or in providing help to others (associated with social
buffering). That is, the presence of strangers is enough to reduce threat appraisals and the

attentional resources devoted to vigilance because it dilutes the individuals’ risk, representing
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a lower probability of getting harmed. However, their presence does not buffer the stress
responses of harmed individuals because they do not represent increased resources or help in
dealing with a threatening situation. Please note that this is not to say that the presence of, for
instance, friends would not have even a greater impact in reducing vigilance when compared to
the presence of stranger confederates. Such comparison was not performed in our studies
assessing vigilance behavior, precluding us from going beyond speculation without supporting

research.

In fact, this distinction between the role of strangers in diluting risk or providing coping
resources highlights the added value of the results obtained in the current thesis for the literature
in threat detection and social psychology. Our data together with previous literature suggests
that, to study how conspecifics shape individuals’ risk monitoring and coping, one should
consider the temporal events sequence (i.e. if a threatening event is just a probability or already
occurred) as its interaction with the involving social context. That is, strangers may be important
in reducing threat probability, but they have little or no effect if being affected by the dangerous
stimuli is a certainty. This important distinction for understanding humans’ risk monitoring and
threat coping in social contexts constitutes an interesting avenue for future studies on this
research field (see also Beckes & Coan, 2011; Coan & Sharra, 2015).

Fear-related chemosignals: a tool for collective detection in human beings*

Such as already mentioned in the previous section, one of the mechanisms hypothesized
as being behind the increased safety provided by the presence of conspecifics is “collective
detection” or “mutual warning” (e.g., Galton, 1871; Lima, 1990; see also Beauchamp, 2015).
This mechanism highlights that an important feature of the presence of conspecifics in dealing
with possible threat encounters is the capacity to “communicate” danger-related information
between the species’ members. That is, in a group context, once an individual notices the
presence of a dangerous stimulus, he/she can then emit or release diverse sensory cues. In turn,
these cues, when perceived by other conspecifics, can alert/prepare them to detect and deal with
possible threatening situations. Interestingly, years of psychology research have pointed to a
similar mechanism in humans, with diverse sensory cues playing a role in this information
transfer. Some examples are facial expressions (e.g., Pourtois et al., 2004), body postures (e.qg.,

Stienen & de Gelder, 2011), and even prosody related to fear emotional states (e.g., Dolan et

4 A part of this section is based on the model reported in: Semin., G. R., & Gomes, N. (under review). Human
Emotion Chemosignals: A Functional Activation-Articulation Model.
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al., 2001). As shown in several studies, these cues increase alertness or preparedness enhancing
the capacity to detect and react to threat-related stimuli (e.g., Gallup et al., 2014; Rigoulot &
Pell, 2012; Stienen et al., 2011). In the studies reported in chapters V and VI, we investigated
whether fear-related chemosignals (see de Groot et al., 2017; de Groot & Smeets, 2017) serve
the same function in humans. Specifically, our focus was to explore how exposure to these
danger-related olfactory cues modulates risk-monitoring strategies (i.e. vigilance) and threat
detection efficacy in our species.

As studies with social animal species show (see Kikusui et al., 2001; Kiyokawa et al.,
2006), the results reported in chapter V and VI indicate that fear-related chemosignals constitute
relevant mutual warning-like cues for human beings. More specifically, in chapter VI, we
replicated previous research on this very recent field (de Groot et al., 2012, 2014a, 2015),
showing that the exposure to these sensory cues activates in receivers the facial muscles (i.e.
corrugator supercilii and medial frontalis) involved in displaying fear facial expressions.
Arguably, these muscles' activation expands the visual field, increases the inhalation volume,
and speeds up ocular movement (Susskind et al., 2008). This increased sensory acquisition is
thought to allow receivers to explore and gather information about the surrounding environment
more efficiently, which may be highly advantageous when a threatening event is about to occur.
Furthermore, in the study reported in chapter V, we went further with evidence that exposure
to fear-related chemosignals has an effective advantage for receivers in coping with threatening
events. The exposure to these olfactory cues carrying threat-related information did not
modulate participants' vigilance strategies during the “foraging-vigilance task” but triggered
what we referred to as a preparedness/readiness state. Participants exposed to the fear-related
chemosignals evidenced faster avoidance reactions to threatening events than those who did not
receive the threat-related olfactory signal.

In fact, findings supporting similar preparedness/readiness states can be found in several
previous studies employing not only fear but also other chemosignals sampled during distinct
increased alertness states such as anxiety or high-stress situations. For instance, besides the
aforementioned results showing that fear chemosignals activate facial muscles associated with
fear facial expressions (e.g., de Groot et al., 2014a), research employing anxiety-related
chemosignals evidenced that the exposure to this olfactory stimulus facilitates withdrawal
behaviors (e.g., increasing the amplitude of the startle reflex Prehn et al., 2006) and modulates
cardiac activity in congruence with a stress response (Rocha et al., 2018). Moreover, previous
research went beyond peripherical physiological measures and behavioral findings showing

that the exposure to anxiety chemosignals activates in the human brain a complex network
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(Prehn-Kristensen et al., 2009). This involves, among others, areas previously associated with
attentional control (i.e. anterior cingulated cortex; e.g., Botvinick et al., 1999) and emotional
regulation and action (i.e. posterior cingulated cortex; e.g., Cato et al., 2004). Research using
chemosignals collected during high-stress situations adds to the previous findings showing the
activation of the amygdala in response to this specific olfactory stimulus (Mujica-Parodi et al.,
2009), which is a brain structure deeply associated with threat processing (e.g., LeDoux, 1996;
Morris et al., 1996). From our perspective, the research summarized earlier seems not only to
indicate that alertness-related chemosignals are processed as threat-related information but also
to confirm that they prepare receivers, by modulating their attention and sensory acquisition, to

detect signals that may indicate the imminence of a dangerous event.

Notably, Rubin and colleagues (2012), in an interesting EEG study employing high-
stress chemosignals, provided further insights that can aid to solve the characteristics of this
hypothetical preparedness state. Their results showed that exposure to sweat collected during
high-stress situations resulted in heightened attentional activity (i.e. heightened late positive
potentials) to both human faces displaying threat signals (angry faces) and neutral facial
expressions. Following the authors’ reasoning, this data pattern suggests that exposure to
alertness-related chemosignals triggers an increased attentiveness state. Remarkably, this
enhanced attentiveness was verified not only to danger-related information (i.e. angry faces)
but also to neutral visual stimuli (faces) that in the absence of these chemosignals would not
require such attention allocation. In other words, alertness-related chemosignals increased
participants' attentiveness, enhancing the processing of visual cues that were otherwise not
relevant (see Rubin et al., 2012). These results, together with the increased sensory acquisition
revealed by de Groot and colleagues (2012) and partially replicated by us in chapter VI (i.e.
increased activation of the facial muscles involved in expressing fear), indicate that the
preparedness state triggered by alertness-related chemosignals increases the receivers’ capacity
to explore and gather information of their surroundings. This increased attentiveness may not
be necessarily specific to danger-related information but enhancing processing in general.
Danger-specific or not, this enhanced processing will ultimately aid receivers in identifying in
their surroundings cues that can mean threat faster, thus being advantageous for the individual’s
survival. In fact, such a mechanism fits well with the data reported in chapter V. Although
speculative, it is possible to argue that exposure to fear chemosignals might have triggered a
similar preparedness/readiness state in the participants characterized by high attentiveness.

Consequently, this allowed them to identify the slight changes displayed in the peripheral Gabor
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patches faster than participants who did not receive the olfactory warning signal (i.e.

participants exposed to rest chemosignals or clean air).

If alertness-related chemosignals constitute an important warning signal involving
survival advantages for human beings, then an important issue is the temporal characteristics
of this information-transfer. Olfactory stimuli seem to take longer to be processed compared to
stimuli from other sensory modalities, such as vision or audition, (Wetter et al., 2004). For
instance, some research suggests that, while visual stimuli take approximately 200ms from their
perceptual onset to their first cognitive processing, olfactory stimuli seem to need roughly
double as long (e.g., Olofsson et al., 2008; Pause & Krauel, 2000). One may argue that this
delayed processing speaks against the advantage of olfaction signaling. This is especially
critical when results as the ones reported in chapter V (evidencing reaction time advantages in
avoiding threat stimuli of only approximately 200ms) are considered. Taking into account the
slower processing associated with this sensory modality, what would be the advantage of
communicating warning information through chemosignals? The answer to this question may
become clearer when one considers the singular characteristics of chemosignals (and olfaction)
as a vehicle to transfer information. Chemosignals are constituted by several volatile molecules
that, individually or together, carry information from a sender to a receiver. Because volatiles
spread in the air, this type of information transfer can then overcome environmental factors that
may impair other sensorial modalities (for a similar argument see Lundstrom & Olsson, 2010).
For instance, visual barriers, light conditions, and noisy environments can significatively
impact the transfer of information through vision or audition, but olfaction can still remain
functional when these other senses are blocked. Importantly, this is not to say that
communication through chemosignals is not affected by environmental factors. In fact, windy
environments or extreme temperatures may change the volatility of chemical compounds and
affect the transfer of chemosensory information. However, considering the relevance of
warning-related information, olfaction finds its relevance in complementing other sensorial

modalities when these are impaired or not fully functional.

It is also possible that, instead of communicating warning signals rapidly, alertness-
related chemosignals have the advantage of being long-lasting compared to other sensory
modalities. In contrast to visual or auditory warning information that is processed very rapidly
but also disappears rapidly, chemosignals seem to remain longer in the environment. For
instance, there is some evidence in other social species (e.g., coral reef fishes and mice) that
olfactory warning cues remain functional for periods up to 30 min after their release (e.g., Bind

etal., 2013; Chivers et al., 2013). One could therefore argue that chemosignals do not constitute
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fast-warning signals to alert conspecifics for an immediate threat. However, they may provide
a longer-lasting message signaling that the environment is potentially dangerous. In turn, by
triggering a preparedness state categorized by higher attentiveness, the exposure to olfactory
warning cues may allow receivers to explore that location more efficiently, detecting quickly
further signals of danger. Hence, assuming that the function of chemosignals may not be to
signal an immediate threat, the slower processing of olfactory stimuli in the brain may not be

critical to their warning function.

Notably, the argument advanced in the previous paragraph converges with what was
suggested in chapter VI regarding the volatility of the chemicals involved in carrying the
warning message. It is known that high volatile molecules disperse faster and travel longer
distances but remain functional for shorter periods. In contrast, low volatile molecules remain
for longer periods in the same location where they were released, keeping the information that
they carry in the same location, even when their sender is no longer there (Pause, 2017; Pause
et al., 1997). By showing that sweat samples remain functional in transmitting their warning
message across two distinct applications of approximately 20 min each, we suggested that the
molecules carrying fear-related information may be low volatiles (see chapter VI).
Interestingly, this low volatility hypothesis supports the role of chemosignals as long-lasting
information carriers. In other words, olfactory cues may remain in the place where they were
released for longer periods signaling that a conspecific recently faced a stressful situation there.
However, it is important to note that research on fear-related chemosignals' chemical properties
is still in its infancy (Smeets et al., 2020), and further chemical research is needed to confirm

this hypothesis.

Another important aspect that deserves to be discussed is the fact that the exposure to
fear-related chemosignals did not modulate vigilance strategies (see chapter V). Contrary to
what we have hypothesized, receiving an olfactory warning signal did not lead participants to
overtly allocate more attentional resources to risk-monitoring. This absence of effects on
vigilance may be explained by several characteristics of both the governing of vigilance
behavior in social species and the communication of emotional-related information through
chemosignals. As mentioned earlier, vigilance is defined as an alertness state that governs
threat-monitoring. That is, as a danger avoidance mechanism, vigilance increases as threat-risk
increases (and consequently stress-levels) (Beauchamp, 2015). This is supported, for instance,
by vigilance research in animal species showing that the levels of stress hormones are directly
correlated with the attentional resources allocated to vigilance (e.g., cortisol and

norepinephrine; Hawlena & Schmitz, 2010; but see Tkaczynski et al., 2014; Voellmy et al.,
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2014). Hence, it is possible to argue that, in the study reported in chapter V, the exposure to
fear-related chemosignals (compared to rest chemosignals and a clean air condition) did not
modulate vigilance because it did not increase participants’ alertness and perceived threat-risk.
This is supported by the absence of differences in the participants’ self-reported stress levels
between the different chemosignal conditions. Fear chemosignals did not trigger in participants’
a threat-related state (i.e. a fear-like emotional reaction categorized by increased alertness), but
only modulated their receivers’ behavior in a more basic way: preparing them (possibly by

increasing attentiveness) to process and consequently avoid potential harmful events faster.

From our point of view, these results challenge the prominent idea in the literature that
the communication of emotion-related information through chemosignals is associated with an
emotional contagion phenomenon (Hatfield et al., 1993), inducing a “simulacrum” of the
senders’ emotional state (de Groot et al., 2012, 2015; Semin & de Groot, 2013). If this was the
case, our receivers should have experienced a fear-like emotional state categorized by increased
alertness and stress levels (Ohman & Mineka, 2001), which would have resulted in increased
attentional resources allocated to vigilance. However, this was not verified. In fact, the obtained
data pattern seems to fit better with the hypotheses suggested in a recent model proposed by us
(Semin & Gomes, under review). As we summarize below, this functional activation-
articulation model of human emotion chemosignaling posits that instead of a “transfer of
emotion”, emotional chemosignals may just trigger a preparedness or readiness state in their
receivers categorized by several physiological, cognitive, and behavioral changes. In turn, this
readiness state can lead to a goal attainment behavior (i.e. articulation), and consequently to an
emotional experience, only if the ecology in which the receiver is interfaces with the state of

readiness (Semin & Gomes, under review).

Senders (e.g., sweat donors) experiencing different emotional states release
chemosignals with distinct chemical compositions (Smeets et al., 2020). In turn, these emotion-
related chemosignals trigger, in receivers, particular patterns of neural activity (e.g., Prehn-
Kristensen et al., 2009; Zheng et al., 2018) and psychophysiological changes (e.g., de Groot et
al., 2012; Prehn et al., 2006) that are congruent with the emotional state of the sender but do
not constitute an emotional experience stricto sensu. For instance, and as already mentioned in
this section, the exposure to alertness-related chemosignals (i.e. sweat sample during fear,
anxiety, or high-stress inducing contexts) leads receivers to an increased sensory acquisition
(e.g., de Groot et al., 2012) and attentiveness (e.g., Rubin et al., 2012), facilitating also withdraw
behaviors (Prehn et al., 2006). This hypothetically prepares receivers to search for threat signals

and facilitate a possible threat avoidance reaction. On the other hand, when receivers are
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exposed to disgust-related chemosignals (i.e. sweat sampled during disgust-inducing context),
they seem to go into a sensory rejection state. This is categorized by the activation of facial
muscles associated with disgust facial expressions (i.e. levator labii; de Groot et al., 2012) that
decreases sniff magnitude and eye aperture at the service of avoiding noxious stimuli (Susskind
et al., 2008). Exposure to these specific chemosignals seems to also facilitate food healthiness
judgments (Zheng et al., 2018), contributing to increased discrimination of possible harmful

intakes.

However, these activation and behavioral patterns do not constitute an emotional
experience as vivid as that undergone by the sender during the sweat sampling. Receivers
display in fact systematic but imperceptible and subtle changes that are recorded by highly
sensitive devices, but none of these can be considered a signal of an “emotional” experience
(LeDoux, 2014a). In other words, none of the receivers of the aforementioned studies (including
ours) evidenced feeling afraid or disgusted during exposure to different chemosignals as the
sweat donors reported to be during the sweat sampling. To reach a “naked-eye” observable
emotional reaction, receivers must be in a context where these preparatory states are functional.
For instance, the readiness state induced by fear chemosignals increases sensory acquisition,
but only if during this state the receiver identifies a threat (e.g., a snake), a diverse set of bodily
functions gets activated, leading to a visually manifest reaction and a fear emotional experience.
On the other hand, if there is no match between the readiness state and the ecology, this
articulation does not take place, and no behavioral/emotional changes are observed or even

perceived by the receiver.

This argument follows the reasoning of some theorists in the emotion research field.
One example is Joseph E. LeDoux (LeDoux, 20144a, 2014b, 2015) and his work describing the
role of emotion-related processes in the detection and avoidance of threat stimuli. The readiness
state triggered by emotion-related chemosignals and its neural and psychophysiological
changes can be seen, in the light of our model, analogously to “... innate circuits that control
responses to significant stimuli (like stimuli related to danger, maintaining energy supplies and
fluid balance, and reproduction)” (LeDoux, 2014b, p. 319), which “did not evolve to make
emotions but to give organisms behavioral tools to stay alive” (LeDoux, 2014b, p. 319).
Emotional experiences, on the other side, are “...product(s) of cognitive processes.” (LeDoux,
2014b, p. 319). They are thought to be constructed, being this construction highly variable and
individual, since it integrates, for instance, previous personal experiences (e.g., Barrett, 2017).
In short, one thing is the precognitive preparatory state that aids in coping with several harmful

situations, another is an emotional experience that can occur or not in parallel, depending on
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the match with surrounding ecology and individual characteristics. Before this match between
the information contained in the chemosignal and congruent contextual cues, we argue, only a
pre-cognitive readiness state is achieved, which will not reach an emotional experience until it

matches with the surrounding environment (see Semin & Gomes, under review).

Therefore, back to the results reported in chapter V, as no fear emotional state (involving
high stress and an increment of alertness levels) was achieved during the exposure to fear
chemosignals, no increment in the attentional resources allocated to vigilance was observed.
However, the preparatory state induced by the fear chemosignals, namely the increased
attentiveness, allowed participants to detect and react faster to the peripheral threat-related
changes. In sum, we argue that danger-related olfactory cues play their role in humans’ mutual
warning, not by increasing individuals' alertness and the attentional investment in danger
monitoring, but by leading receivers to a precognitive state of increased attentiveness allowing

them to identify threat signals more efficiently.

Limitations and future directions

Throughout the current thesis, we have been highlighting some limitations of each of
the reported studies and suggesting future research to overcome them. In this section, some of
these constraints are recapped and briefly discussed in the context of the main message
emerging from this set of studies. Additionally, general limitations of the current thesis as well

as suggestions for further research are also advanced.

In what concerns the research dedicated to exploring the role of conspecifics’ presence
in governing individuals’ vigilance strategies and threat detection, a general constraint of these
3 first studies, when compared to animal models, is the relation found with group size and
vigilance (i.e. the “group size effect”; e.g., Beauchamp, 2008). That is, although our studies
were inspired by the animal literature suggesting that the attentional resources devoted to
vigilance are inversely correlated with the number of present conspecifics, our presence
conditions were always constituted by 3 individuals (the participant and 2 confederates).
Therefore, whether a “group size effect” can be observed in human beings influencing the trade-
off between intake activities and threat monitoring remains unknown. Future research using a
similar paradigm (i.e. the “foraging-vigilance task”) but manipulating the number of
conspecifics in the surroundings is needed to fully understand the heuristic value of animal

models for humans’ risk-monitoring. In fact, examining the impact of a “group size effect” in
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our own species constitutes a necessary step to unravel the social moderators of risk-monitoring

and threat detection.

Another important point that deserves further attention is the relation between the
perceived risk of threat and the attentional investment in vigilance. This potential relation
suggested by animal research (e.g., Michelena et al., 2012) was inferred for humans in the
present thesis using independent studies with distinct participants and data collection methods.
In other words, after observing a vigilance decrease in human beings in the presence of
conspecifics (chapter I1), we examined and showed that the presence of conspecifics induces a
feeling of increased safety (i.e. reduced threat risk; chapter I1l1). We argued then that, as
observed in animal studies, this increased safety would justify the relaxed vigilance in group
contexts. However, this relation was not demonstrated yet in a single laboratory study
employing the same set of participants and directly associating their perceived risk and alertness
levels with the investment in risk-monitoring. Our plan was to establish this relation in a final
study that the world pandemic situation (i.e. COVID 19) precluded us to run (see chapter ).
Hence, this remains unexamined and is an important issue for future research. Specifically,
further studies using the “foraging-vigilance task”, should consider employing measures of both
the participants’ perceived threat-risk (e.g., assessed as in chapter I11) and alertness state (e.g.,
skin conductance levels; see Raskin, 1973), examining the relation of these measures with the

time allocated to vigilance.

Turning to the conclusions drawn from the studies involving olfactory warning cues, a
point that deserves to be discussed concerns the null effects of fear chemosignals in modulating
vigilance (chapter V). It is important to note here that the research reported in chapter V
constitutes a first step in exploring how fear-related chemosignals modulate vigilance and
threat-detection. Consequently, the dependent variable used to assess vigilance (i.e. the % of
time allocated to risk-monitoring) constitutes just one among several possible measures that
can be used to examine risk-monitoring strategies (e.g., scan duration and frequency; see
Beauchamp, 2015). Thus, the conclusions that were taken from the fact that the exposure to
fear chemosignals did not directly impact vigilance, should be interpreted with caution. Future
studies designed to use distinct vigilance measures are needed to strengthen the confidence in

our findings.

Additionally, studies involving fear-related chemosignals were conducted under strict
protocols, that although in congruence with the common practices in the field, may diminish
the ecological validity of our findings. Following previous research using emotion-related
chemosignals (e.g., de Groot et al.,, 2012, 2014b; Zhou & Chen, 2009), to avoid sweat
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contamination, sweat donors were asked, in our experiments, to follow dietary and habit
restrictions in the days before, and not to wear any personal care products (e.g., deodorant) on
the sweat collection day. However, these restrictions do not mimic ecological contexts where
the transfer of information through chemosignals may occur. For instance, in societies like ours,
people wear personal care products and, in general, adopt habits that reduce the intensity of
their body odors (i.e. “...societies that have become deodorized and desensitized to odours”;
Roberts et al., 2020, p. 3). Hence, it would be very interesting not only for future research on
fear-related chemosignals as a warning cue but also for the entire field of emotion-related
chemosignals that future studies assess the effect of these olfactory stimuli when collected
without such strict protocols. In fact, without studies involving sweat collected under more
ecological conditions, it is hard to predict the real impact of olfactory warning mechanisms in

contemporary contexts.

In the same vein, and again following the common practices in the field, sweat donors
in our experiments were always men because of their large and more active apocrine glands
compared to women (Doty, 1981). On the other hand, receivers were always women due to
their higher sensitivity towards emotional signals and a better sense of smell compared to men
(Brand & Millot, 2001; Brody & Hall, 2000). Hence, additional research exploring whether
these effects are independent of participants’ sex may be valuable to understand the real

extension of the observed phenomena.

To conclude this section, an important limitation for this thesis's message is the absence
of a final study exploring the concomitant effects of the 2 major phenomena examined here.
That is, a study assessing the impact of fear chemosignals, the presence of conspecifics, and
their combined effects on vigilance and threat-detection. Assuming the relevance of these
factors in ecological contexts, it is plausible to think that the exposure to olfactory danger cues
may occur in the presence of conspecifics. So, on the one hand, from the receivers’ perspective,
there is a sensory cue preparing them to deal with a possible dangerous stimulus, but on the
other hand, they are in the presence of conspecifics which automatically represent increased
safety. Olfactory danger cues and the presence of conspecifics are likely to exert effects in
opposite directions (while one increases attentiveness, the other reduces vigilance).
Understanding how this “dilemma” is processed and solved by our species would provide an
integrative perspective regarding the social modulators of risk-monitoring and threat detection.
Even at a more fundamental level, research on emotion-related information transfer through
olfaction was only conducted in individual scenarios. Therefore, the question remains whether

the presence of conspecifics may modulate the phenomena described in the literature. In fact,
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as mentioned in chapter I, an experiment with these characteristics was part of our original
research plan but the world pandemic situation led us to postpone this final study, not including
it in the current thesis.

Potential practical implications

As already mentioned, despite all mechanisms in modern societies aiming to increase
individual and collective safety, there are still several risks threatening our daily lives. Hence,
insufficient risk-monitoring can result in severe damage to human beings across the most varied
contexts (Reason, 1997; Slovic, 1987, 1999). As a social species that spends approximately
80% of the awake time in the presence of others (Kahneman et al., 2004), understanding how
conspecifics modulate individuals’ risk-monitoring strategies represents an important step in
developing and improving mechanisms designed to increase safety. It is precisely here, | argue,
that the practical value of this thesis emerges. Of course, as a fundamental research project
giving the first steps on this research field, the obtained results do not provide immediate
practical applications but may pave the way for future translational research with potentially
considerable impact on the way our societies think about danger monitoring. Below, I provide
some illustrative examples of contexts where efficient risk monitoring is crucial, speculating

how our results could influence practical research aiming to improve it.

An interesting example of a context where the early detection of signals indicating that
a prejudicial event is occurring or may occur in a close future is in financial markets. As
illustrated by Kameda & Tamura (Kameda & Tamura, 2007), there are examples where the
actions of a single trader, that remained unnoticed by entire teams of accounts and auditors, led
to the loss of tens of millions of pounds. Another example where timely detection of signals
indicating danger is crucial is in air traffic control (Blachman & Proschan, 1959). A failure of
a team member can result in the loss of several hundred lives. This also applies to internal
security forces that monitor cues indicating a possible terrorist attack, or even health
organizations tracking new potentially deadly diseases. In all of these contexts, early detection
of danger is crucial to avoid dramatic consequences for the individual and the collective. Back
to the results reported in this thesis, they suggest that individuals in group situations tend to
automatically feel safer, which arguably reduces the attentional investment in danger
monitoring. Thus, we ask: Would it be better in terms of risk-monitoring if individuals working
in aforementioned contexts performed their functions in separated cubicles instead of open
spaces or in the presence of an entire team? Or is it the case that contrary to the results we

obtained, the presence of conspecifics has no implications in these practical contexts? These
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are paramount questions for future translational research with critical practical implications for

our societies, that | believe our results may inspire.

The reported research regarding fear-related chemosignals and the general attentiveness
that they seem to induce can also be relevant in improving risk-monitoring in practical
situations. For instance, although in their very beginning, there are considerable efforts to
synthesize emotional body odors and to examine whether receivers are susceptible to the
relevant effects triggered by these artificial compounds (some of this research is being
conducted by a consortium in which our lab is taking part). In the hypothetical scenario that
this research yields relevant results and proves that synthetic fear-related chemosignals can
increase receivers' attentiveness, these stimuli can be used as a way to automatically improve
risk-detection in the aforementioned critical contexts. However, this will certainly involve years
of fundamental and translational research and a considerable number of ethical considerations
before being considered a viable option. Our results represent just a small piece of this
enormous puzzle, but as a fundamental research project, it is my hope that they contribute to

this long way.

Final Remarks

The present work provides further insights into how conspecifics directly (i.e. through
their presence) or indirectly (i.e. through fear-related chemosignals) shape humans’ risk-

monitoring and threat-detection.

In a nutshell, our findings showed that, as in other social species, human beings perceive
an increased safety when others are present. Arguably, this is behind the vigilance reduction
and greater investment in other survival-relevant activities when in the presence of conspecifics.
These findings were obtained for the first-time using gaze movement data in a laboratory
environment simulating threat. Additionally, our results also add to previous literature in related
social phenomena (e.g., social support). They show that contrary to what is observed in threat-
coping (i.e. social buffering), in what concerns threat appraisals and risk-monitoring, the simple
presence of stranger conspecifics (i.e., with no social connection to the target individual) seems

to be enough to increase safety feelings and to reduce vigilance.

Moreover, our data also indicates that olfaction has a role in transmitting warning
information between human beings. Interestingly, this was not evidenced in shaping vigilance
strategies but in preparing receivers to quickly detect and avoid threat-related events. This can

be interpreted as an indicator that the exposure to fear-related chemosignals does not increase
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receivers’ alertness state or triggers in them a fear-like emotional state. Instead, the exposure to
these olfactory warning cues leads receivers to a pre-cognitive preparedness state only
observable when the environmental conditions match the information carried by the volatile
molecules. Noteworthy, it is also possible to speculate from our data that the molecules carrying

the fear-related information are low volatiles that may work as a long-lasting warning message.

Altogether, these results have taken few but important steps to understand the social
moderators of risk-monitoring and threat detection in human beings, highlighting the heuristic

value of animal behavioral models to study these phenomena in our own species.
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