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ARTICLE INFO ABSTRACT
Article history: Different approaches from different research domains have crystallized debate over primate emotional
Received 16 September 2016 processing and vocalizations in recent decades. On one side, researchers disagree about whether emo-
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tional states or processes in animals truly compare to those in humans. On the other, a long-held
assumption is that primate vocalizations are innate communicative signals over which nonhuman pri-
mates have limited control and a mirror of the emotional state of the individuals producing them, despite
growing evidence of intentional production for some vocalizations. Our goal is to connect both sides of
the discussion in deciphering how the emotional content of primate calls compares with emotional
Emotional processing vocal signals in humans. We focus particularly on neural bases of primate emotions and vocalizations to
Categorization processes identify cerebral structures underlying emotion, vocal production, and comprehension in primates, and
Affective neurosciences discuss whether particular structures or neuronal networks solely evolved for specific functions in the
human brain. Finally, we propose a model to classify emotional vocalizations in primates according to
four dimensions (learning, control, emotional, meaning) to allow comparing calls across species.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction in this review, it is now well established that animals have an

emotional life (Bekoff, 2007; Davila-Ross et al., 2011; de Waal,
Notwithstanding the potential differences in affect or the phe- 2011; Panksepp, 2011a,b; Parr et al., 2005). This understanding is
nomenological aspect of feeling a particular emotion, that is, being particularly crucial for studies related to animal welfare and can

consciously aware of it (Dawkins, 2000), which we do not address be used to influence policies on the treatment of farm animals
(Briefer, 2012). Additionally, it is also currently held that many,

if not all, animal vocalizations convey emotional content, under-
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(T. Gruber). etal,, 2011; Seyfarth and Cheney, 2003). The study of emotions has
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also been of much interest in the recent literature on nonhuman
primates (henceforth, primates) at a more fundamental level, par-
ticularly because of their close proximity to humans. The possibility
that primate vocalizations bear a strong emotional content has
nevertheless mostly been considered in discussions related to the
evolution of human language, usually as opposed to the presumed
unique characteristics of human language. More precisely, nonhu-
man primate vocal communication systems have been considered
similar to human emotional vocal production but different and
potentially evolutionary unrelated to human speech, as opposed
to their more controlled gestures (Tomasello, 2008). For instance,
Tomasello (2008) states that primate vocalizations are “. . .tightly
tied to specific emotions, and broadcast indiscriminately to every-
one in the immediate vicinity” (p. 8). In this approach, the focus
is put on the fact that primates may not be as capable as humans
in controlling their calls or vocalizations, in stark contrast to the
flexibility offered by human language and potentially available to
other primates in gestural communication (Arbib et al., 2008).

Nevertheless, some studies also suggest that it may be incorrect
to label all primate vocalizations as uncontrollable expressions of
their emotions. Some of them undoubtedly are (Tomasello, 2008),
but so are some equally uncontrollable human vocalizations such
as screaming, groaning, crying, or laughing (Groswasser etal., 1988;
Mariani et al., 1980). However, primates may also have more con-
trol over intentional calls (calls that are produced with the aim of
fulfilling a goal) or referential calls (calls that indicate something
to someone), which both fulfill a complementary communicative
role to the conveying of emotions (Crockford et al., 2012; Liebal
et al., 2014; Sievers and Gruber, 2016); finally some calls may have
a learnt component (e.g. Watson et al., 2015). Call characteristics
probably also depend on the intended audience. For instance, a call
aimed at one’s own community has different acoustic character-
istics than a call intended for intergroup communication (Liebal
et al.,, 2014). Similarly, low- and high-frequency vocalizations are
believed to serve different purposes during aggressive interac-
tions (e.g. Ordofiez-Gomez et al., 2015). Interestingly, neurological
research in primates has shown that directed and non-directed
types of calls recruit different cerebral structures (Ghazanfar and
Eliades, 2014; Ghazanfar and Logothetis, 2003).

In this review, our goal is to conciliate both views stemming
from research on emotion and on the evolution of language,
including the controversial topic of intentional vocal production
in primates and other animals, to propose a unifying framework
to analyze emotional vocalization in primates. We first give a
comparative overview of the cerebral structures involved in the
communicative and emotional processes before discussing the
higher order cognitive bases of emotional communication across
primates, particularly the processes of categorization (distinguish-
ing A versus B) and discrimination (distinguishing A versus non-A).
In this review, we will mainly focus on vocal expression and per-
ception of emotions, but we will also connect our discussion to data
from visual studies on facial expression or perception of emotions
when points of convergence can be underlined. Additionally, we
will address aspects about both production and perception of vocal-
izations and emotions to underline similarities and differences in
the two systems across primates to converge towards a model of
emotional vocalizations in primates.

2. Comparative methods in use to investigate the cerebral
bases of behavior in primates

Historically, neuroscience owes much to primate research,
particularly because such research has been conducted inva-
sively on species including macaques (genus Macaca) and squirrel
monkeys (genus Saimiri). As was the case for human affective

neuroscience, studies of lesions were highly informative in the
early days of neuropsychological research (Damasio, 1994). This
technique consists of comparing the behavior of a test subject
after a stroke or after removal of a brain area for clinical rea-
sons (e.g. tumor or pharmaco-resistant epilepsy). For instance,
in monkeys, this technique has been used to study which areas
of the brain were necessary for vocal production (Kirzinger and
Jirgens, 1982, 1985). Other invasive techniques that offer a
direct connection between a given brain area and corresponding
behavior are deep electrical stimulation and single-cell record-
ing while an animal is engaged in a task (Jiirgens, 2002). Less
direct but nonetheless invasive techniques have also been used,
such as studying the effect of drugs on neurotransmitters in
terms of vocal behavior (Glowa and Newman, 1986). Because
of the invasive characteristic of these techniques, little similar
research has been conducted on great apes, who are phyloge-
netically closer to humans. Additionally, the results of lesioning
studies in the context of animal vocalizations have been crit-
icized (Ghazanfar and Rendall, 2008). For instance, one major
finding of this research in a comparative framework has been
that introducing lesions or electrically stimulating primate corti-
cal areas thought to be involved in vocalization has had little effect
(Aitken, 1981; Jiirgens et al., 1982), as compared with humans
who are heavily impaired when Broca or Wernicke’s areas are
damaged (Groswasser et al., 1988; Mariani et al., 1980). How-
ever, these results may benefit from a newer and more informed
appraisal based on current knowledge of the primate vocal system
(Ghazanfar and Rendall, 2008). The lesion localization approach
is also problematic because when a specific region is damaged,
all functional activities of connected brain areas to this region
are also modified. It is then difficult to disentangle the behav-
ioral impact of damage to a specific brain area from the behavioral
impact of modifications induced in all other connected brain
areas.

More recent approaches, based on neuroimaging, involve less
invasive investigation of the brain processes underlying primate
behavior. Following the original postmortem dissections, whose
results were affected by mechanisms such as rigor mortis, struc-
tural magnetic resonance imaging (MRI) has allowed precise virtual
dissections of living primate brains (Rilling, 2006). These studies
have shown that human brains are not simply scaled-up versions of
primate brains, but have specificities. Compared with other primate
brains, human brains have larger neocortices with more numer-
ous cerebral gyri and deeper sulci, their temporal and frontal lobes
contain more white matter, and their prefrontal cortices are char-
acterized by higher white matter volume and gyrification (Rilling,
2014). However, human prefrontal cortices may not have under-
gone specific expansion compared to other primates apart from in
absolute number of neurons (Gabi et al., 2016). Diffusion-weighted
imaging or diffusion tensor imaging allows researchers to measure
the diffusion of water molecules in the brain and to reconstruct
major white-matter fibre tracts (Rilling et al., 2008). Functional
neuroimaging is also being developed to study brain activation
in vivo in primates. Positron emission tomography imaging high-
lights areas that are active in a task by monitoring the transmission
of a radioactive marker. This technique has been used in the study
of the production of vocal and gestural signals in chimpanzees
(Taglialatela et al., 2008). Electroencephalography has also been
used to study reactions of one chimpanzee to emotional and neu-
tral stimuli (Hirata et al., 2013). Finally, while functional MRI (fMRI)
studies have been conducted invasively in macaques (e.g. Petkov
et al., 2008), they necessitate restraining the test subject, which
forbids their use with great apes. In the following paragraphs, we
summarize the findings of primate neuroscience research in the
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domain of vocalizations and of emotions on the basis of the various
techniques that we have described here.

3. Brain mechanisms involved in vocal production and
perception in primates

3.1. Vocal communication: production

The structures responsible for vocal production can be inves-
tigated at three levels: respiratory, laryngeal, and supralaryngeal
(Jiirgens, 2002; Liebal et al., 2014). Whether the human larynx is
truly different from that of other animals - particularly great apes —
and whether this has any direct consequences for the uniqueness of
human speech is under debate (Ankel-Simons, 2007; Fitch, 2012);
thus, we assume here that the basic mechanisms of vocal pro-
duction are similar in all primates, including humans (Ghazanfar
and Rendall, 2008). Processes in the larynx and supralaryngeal
vocal tract are controlled by several nuclei located in the pons and
medulla that project through subcortical regions (e.g. basal gan-
glia) to the larynx and other articulatory structures such as the
tongue, mouth, and upper face (Jiirgens, 2002; Liebal et al., 2014).
The activity of the motor nuclei is controlled in the medulla, itself
mediated by the periaqueductal gray of the midbrain (Jiirgens,
2002; Liebal et al., 2014). Several studies have been published,
including empirical evidence and theoretical frameworks, that have
highlighted the importance of complex cortical and basal ganglia
loops in the production and perception of emotional vocalizations
(e.g. Paulmann et al., 2009; Péron et al., 2013). These structures
may explain much of primate vocalizations, assuming that they are
innate, as voluntary control over communicative signals requires
the involvement of cortical structures, particularly the dorso and
mediofrontal cortices, including the anterior cingulate gyrus and
the supplementary and pre-supplementary motor areas (Jiirgens,
2002). This view is additionally supported by the fact that there
is no direct connection between the motor cortex and the basal
motor nuclei in primates, which are solely controlled by the retic-
ular formation of the medulla. In contrast, in humans, there is a
direct connection between the nucleus ambiguus and the motor
cortex, providing a direct means for the cortex to control the larynx
without relying on the medulla network (Jiirgens, 1976). Although
some cortical areas (e.g. anterior cingulate gyrus) in monkeys have
been connected to the learning of vocalizations in particular food-
based paradigms (Gemba et al,, 1995), whether they are truly
connected to the voluntary characteristic of vocal production or
instead to the motivation to obtain the food reward remains unclear
(Aboitiz et al., 2006; Liebal et al., 2014). More recent findings
suggest that neurons in the prefrontal cortex mediate voluntary
vocalizations in monkeys (Coudé et al.,, 2011; Hage and Nieder,
2013) although this control may disappear with age suggesting a
different evolutionary pathway compared to humans (Hage et al.,
2016).

It is not clear at this stage whether the connectivities respon-
sible for vocalization production in great apes are more similar
to those in humans or to those in monkeys. The use of noninva-
sive neuroimaging techniques in great apes allowed Taglialatela
et al. (2008, 2011) to show activations of the inferior frontal
gyrus (IFG) in communicative situations involving both vocal and
gestural communication, particularly in the context of produc-
ing attention-getting sounds. Liebal et al. (2014) interpret these
results as suggesting that cortical structures are directly involved
in the production of some vocalizations in chimpanzees. How-
ever, because these activations have so far been found only in
the context of attention-getting sounds, it remains unclear as to
whether they also occur during other vocalizations (Liebal et al.,
2014). Interestingly, many of these attention-getting sounds were

either nonvocal or idiosyncratic sounds developed by only a few
individuals through their extended contacts with human care-
takers and thus potentially socially learned (Taglialatela et al.,
2012). This opens the possibility of these structures being involved
only in the case of learned vocalizations, much like human
language, as opposed to more innate and emotionally-based vocal-
izations.

3.2. Vocal communication: perception

Although the frequency range is known for only a few species so
far (e.g. N=19, Heffner, 2004), the best frequencies for hearing in
these species range between 1 and 10 kHz, with a few outliers; in
the high frequencies, most primates are able to hear vocalizations
ranging up to 35-45kHz, with prosimians able to hear in much
higher frequencies (circa 60 kHz, Ramsier et al., 2012), but humans
and chimpanzees limited to lower frequencies (17-29 kHz, Heffner,
2004). Auditory signals are processed similarly in both humans and
primates: they are first transformed into neural signals at the basi-
lar membrane of the inner ear, with particular areas of the cochlea
sensitive to various frequencies (tonotopy). The specific movement
of the basilar membrane triggers a pattern of discharges corre-
sponding to the frequency range that the area is sensitive to by
means of hair cells attached to the membrane (Heffner, 2004). The
signal is then transmitted to the cochlear nuclei, to the superior
olivary complex, and to the ventral nucleus located in the audi-
tory thalamus, which subsequently projects to the auditory cortex
of the temporal lobe of the brain (Kaas et al., 1999; Pannese et al.,
2015). In the auditory cortex, three areas in the superior temporal
plane process the signal: neurons located in the core respond to
particular frequencies, while neurons present in the belt and para-
belt react to more complex sounds composed of several frequencies
or to one that varies over time (Kaas et al., 1999), including neu-
rons that are more sensitive to particular frequencies (rate coding)
and others that encode the temporal features of the sound (tempo-
ral coding, Brosch and Scheich, 2003). Most neurons in the belt and
parabelt respond to more than one frequency and to more than one
call type (Ghazanfar and Hauser, 1999). A more temporal pathway
appears to be responsible for the identification of the sounds’ pat-
terns, while a more parietal pathway is thought to process spatial
information, that is where the sounds originate from (Rauschecker
and Tian, 2000). fMRI has allowed the isolation and comparison
of cortical activations in humans and macaques. Both the lateral
sulcus and the superior temporal gyrus (STG) are activated when
macaques listen to monkey and human vocalizations. In addition
to these two areas, the superior temporal sulcus (STS) is also acti-
vated in humans, suggesting a specialization of this area for the
treatment of vocalizations in humans (Belin et al., 2000; Joly et al.,
2012) or complex organized sounds such as music (Schirmer et al.,
2012).

4. Lateralization of the brain for vocal and emotional
processing in primates

While lateralization has often been presented as a key speci-
ficity of the human brain, recent research has found similar effects
in other primate brains in a broad array of studies ranging from
gestural communication to listening to species-specific vocaliza-
tions (for areview, see Hopkins and Cantalupo, 2005). Nevertheless,
many of the primate studies solely present behavioral evidence of
lateralization and can therefore only be suggestive of the existence
of such lateralization at the brain level. Comparative structural
neuroimaging has shown that particular areas involved in the pro-
cessing of human language and known to be leftwardly asymmetric
in humans are also leftwardly activated in great apes (Gannon
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et al., 1998; Hopkins et al., 1998; Pilcher et al., 2001), although
the bias is more pronounced in humans (Fitch and Braccini, 2013;
Yeni-Komshian and Benson, 1976). Differences between humans
and other primates can be found when detailed comparative anal-
yses are conducted. For instance, the arcuate fasciculus, a large
white-matter bundle that connects Wernicke’s area (posterior
portion of the left STG) and Broca’s area (a region in the left infe-
rior frontal cortex (IFC)), is present in macaques, chimpanzees,
and humans (Rilling, 2014). However, out of the three species,
it is only in humans that the arcuate is leftwardly asymmetric,
which supports its possible role in language processing (Rilling,
2014).

At the neural level, results in monkeys remain inconclusive:
the listening of species-specific calls, compared to a variety of
non-vocal sounds and/or heterospecific calls depending on the
study, elicited either left-lateralized activity in the temporal pole
of the STG (Poremba et al., 2004) or right-lateralized activity (Gil-
Da-Costa et al., 2006); other studies found that species-specific
vocalizations could not be linked to any side in particular (Joly
et al,, 2012). In chimpanzees, it may be the function of the call
that drives the lateralization of brain activity (Taglialatela et al.,
2009). For instance, while long-distance pant hoots did not lead to
lateralization of the brain, listening to short-distance social calls
such as grunts or barks elicited a right bias in activation. A right-
sided activation of the brain was also suggested by research in
the emotional domain: monkeys and great apes both show oro-
facial asymmetries during vocal production, as evidenced by more
pronounced grimaces on the left side of the mouth, which is sug-
gestive of right hemisphere dominance (Fernandez-Carriba et al.,
2002; Hauser, 1993; Hauser and Akre, 2001; Hook-Costigan and
Rogers, 1998), as has been documented in humans (Moreno et al.,
1990). These leftward orofacial asymmetries have been most often
associated with the emotional state of the animal: for instance,
in chimpanzees they are found in emotionally loaded expressions
such as “silent-bared teeth face,” “playface,” and “scream face”
(Fernandez-Carriba et al., 2002). Interestingly, in chimpanzees,
a rightward orofacial asymmetry seems specifically associated
with learned attention-getting sounds, while a leftward bias is
associated with vocalizations such as pant hoots; this suggests
that different neural substrates are involved for types of calls
that differ in their emotional content (Losin et al., 2008; Wallez
et al, 2012). This hemispherical lateralization in chimpanzees
may be similar to the hemispherical lateralization described in
humans for language processing, with activations in the two hemi-
spheres sustaining various aspects of human language processing
(Belin et al., 2000; Schirmer and Kotz, 2006; Zatorre and Belin,
2001). For instance, production of attention-getting sounds led
to activations in the left IFG in chimpanzees (Taglialatela et al.,
2008).

Compared with research investigating the evolutionary roots of
language, research investigating emotion perception in primates
has strengthened the idea of a right bias in lateralization spe-
cific to emotion treatment (Lindell, 2013). Several studies using
videos of either neutral or emotional stimuli have investigated
how chimpanzees react to the emotional content of a given
scenario at the behavioral, physiological, or neural level. In par-
ticular, Parr and Hopkins (2000) used tympanic temperature as
an assay of brain hemisphere activity, with an increased tym-
panic temperature indicating increased activity. They found that
right ear temperature increased in captive chimpanzees when
they were watching emotional videos, consistent with greater
right hemisphere involvement (Parr and Hopkins, 2000). The right-
ward hemisphere bias documented in chimpanzees is also found
in other species such as baboons or mangabeys during natural
interactions, as evidenced by studies investigating the percep-
tion of visual emotional stimuli (Baraud et al., 2009; Casperd and

Dunbar, 1996; Morris and Hopkins, 1993; Wallez and Vauclair,
2011).

5. Brain mechanisms involved in emotional processing in
primates

In the visual domain, initial work done by Ekman in 1992
has suggested that positive and negative facial emotions are
both expressed and understood in a universal manner in humans
(Ekman, 1992). However, more recent work has revealed several
limitations about the universality of emotion perception and the
impact of human cultures on relevant visual information for emo-
tional facial expression (Crivelli et al., 2016; Jack et al., 2012).
Interestingly, a recent study compared the activation of the STS
in humans and in macaques while they processed facial emotional
cues (Zhu et al., 2013). The human STS was functionally subdivided
in a right posterior area that responded to emotional expression
of both species, and a more anterior area in the right middle STS
that responded only to human emotions. In contrast, in monkeys,
the response was more important to conspecific rather than human
emotional expressions, but not as specific as in the human case. The
authors concluded that the human STS may have thus specialized
to analyze emotional expressions by humans. There is no compa-
rable study available with chimpanzees, who are phylogenetically
closer to humans, that would allow assessment of the validity and
specificity of this conclusion.

Humans rely heavily on auditory signals to convey emotional
content, particularly through the vocal channel (Belin et al., 2004).
The emotional content can be expressed through nonverbal means,
for instance, with laughter or screams (Sauter et al., 2010; Scherer,
1994; Schrober, 2003; Wattendorf et al., 2013). It can also be
expressed through modulation of the prosody, that is, the into-
nation found in speech utterances (Banse and Scherer, 1996;
Grandjean et al., 2006; Patel et al., 2011). The ability to perceive
the coarse meaning of nonverbal signals during human interactions
across cultures suggests the existence of a basic neuronal network
subserving this ability.

Brain stem subregions and subcortical structures, especially the
amygdala nuclei and the basal ganglia through dynamic inter-
actions with distributed cortical areas (e.g. insula, orbitofrontal,
medial temporal lobe, cingulate, and cortical sensory regions), are
thought to be the foundations of such emotional perception (e.g.
Nieuwenhuys, 1996). More specifically, a large spectrum of nega-
tive emotions expressed during vocal behavior, such as anger, fear,
or disgust, and positive emotions, such as happiness, have been
found to modulate subcortical regions, especially the amygdala
and the basal ganglia, whose activity is modulated during emo-
tional decoding and/or responses (Bach et al., 2008a; Fecteau et al.,
2007; Friihholz et al., 2012; Leitman et al., 2010; Phillips et al.,
1998; Sander et al., 2005; Scherer, 1994; Schrober, 2003; Wiethoff
et al,, 2009). Indeed, a complex neural network has been found
to be modulated by exposure to vocal emotional expression in
humans. The nuclei of the amygdala structure are crucial in this
neural network (Bach et al., 2008b; Ethofer et al., 2009; Fecteau
et al., 2007; Frithholz et al., 2012; Friihholz and Grandjean, 2013;
Grandjean et al., 2005; Leitman et al., 2010; Phillips et al., 1998;
Sander et al., 2003a, 2007; Sander and Scheich, 2005; Wiethoff
et al., 2009). While their functional roles are still debated in terms
of whether they can truly decode the emotional valence of vocal
expressions or the extent to which they are involved in emotional
responses to emotional vocalizations (Adolphs and Tranel, 1999;
Bach et al., 2013; Scott et al., 1997; Sprengelmeyer et al., 1999),
the nuclei of the amygdala are sensitive to vocal cues of anger
(Bach et al., 2008a), as well as to expressions of happiness (Fecteau
et al., 2007; Leitman et al., 2010; Sander et al., 2003b; Sander and
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Scheich, 2005), suggesting a response to high arousal states in
general (Frithholz et al., 2014), as has also been suggested in the
domain of olfaction (Anderson et al., 2003). The hippocampus is
another large subcortical structure of the so-called limbic system
that appears to have a role in the decoding of emotions, in par-
ticular with respect to memory processes (Friihholz et al., 2014;
Maguire, 2001). The hippocampus is thought to act in conjunction
with the amygdala, the amygdala providing the evaluation of the
stimulus or the related emotional responses and the hippocampus
encoding the relevant memory (Frithholz et al., 2014). However, the
hippocampus itself appears to have a role in deciphering emotion
valence in the auditory context (Alba-Ferrara et al., 2011; Leitman
etal., 2010; Phillips et al., 1998; Wiethoff et al., 2008), albeit poten-
tially occurring during more complex emotional situations than for
those involving the amygdala (Alba-Ferrara et al., 2011; Frithholz
et al., 2014). Other brain areas that have been connected to emo-
tion processing are found in the temporal, frontal, and prefrontal
cortices (Banse and Scherer, 1996; Grandjean et al., 2006). Specifi-
cally, the STG (bilateral posterior STG (pSTG) (Ethofer et al., 2009;
Mitchell et al., 2003; Sander et al., 2005), bilateral mid STG (mSTG)
(Bach et al., 2008a; Ethofer et al., 2009; Grandjean et al., 2005;
Leitman et al., 2010; Sander et al., 2005), right anterior STG (aSTG)
(Bachetal.,2008a)), STS, orbitofrontal cortex (OFC), IFC, and ventro-
medial and lateral prefrontal cortices appear to be involved in the
sensory, emotional, and evaluative decoding of emotional prosody,
with different functional roles for these subregions (Schirmer and
Kotz, 2006; Wildgruber et al., 2009).

The range of studies found in the domain of emotional vocal-
ization decoding includes different kinds of tasks from passive
listening to implicit processing, for example, when the spatial
attention of participants is manipulated or when the task of par-
ticipants is to identify the gender of the speaker while they are
exposed to emotional vocalizations (e.g. Grandjean et al., 2005;
Sander et al., 2005). Another type of study in this domain involves
explicit judgments, in which the participants are asked to evaluate
the emotional meaning of the stimuli to which they are exposed
(e.g. Bach et al., 2008a). The type of task required from the partic-
ipants is important to control because variations in the task lead
to different modulations of brain activations, suggesting different
specific roles of the regions involved. For instance, when the task
requires explicit rather than task-independent decoding of emo-
tional prosody, which induces activity in the mid-posterior STG
(m-pSTG) (Grandjean et al., 2005; Sander et al., 2005), the acti-
vation is shifted to adjacent regions of the right m-pSTG. Explicit
decoding induces activity in the pSTG, bilateral IFG, and OFC (Bach
et al., 2008a; Buchanan et al., 2000; Ethofer et al., 2009; Mitchell
etal.,2003; Sander et al., 2005; Wildgruber et al., 2004; Wildgruber
et al., 2005). In contrast, implicit decoding induces activity in the
bilateral pSTG, right aSTG, bilateral amygdala, and left IFG (Bach
et al,, 2008a; Buchanan et al., 2000; Ethofer et al., 2009; Mitchell
etal.,2003; Sander et al., 2005; Wildgruber et al., 2004; Wildgruber
et al., 2005). Therefore, the different tasks may involve different
fronto-temporal networks, in particular during the decoding of
angry prosody (Frithholz et al., 2012). Additionally, certain regions,
such as the pSTG or the amygdala, appear to be sensitive to spe-
cific acoustic cues such as variations of the fundamental frequency
or intensity, which are often expressed in emotion-induced calls
(Frithholz and Grandjean, 2012; Leitman et al., 2010), whereas the
modulation of the IFG or the mSTG, for example, do not seem to be
sensitive to these acoustical cues (Frithholz et al.,2012). To date, the
emerging picture is that subparts of the STG may provide sensory
decoding of emotion-related acoustic cues from voices (Grandjean
et al., 2005; Sander et al., 2005). In contrast, the IFG, especially
the right IFG, and the OFC, especially its medial part, appear to
be involved in categorization and evaluative judgments, respec-
tively, of the affective meaning of prosody (Leitman et al., 2010).

In summary, the data suggest specific brain networks of subcor-
tical and fronto-temporal regions for the processing of emotional
prosody, with a continual flow between the STG and the IFG regions
(Friihholz and Grandjean, 2012).

6. Integrating brain mechanisms involved in vocal and
emotional processing in primates

Our review has shown that much of the brain circuitry at work in
the treatment of vocal signals, on the one hand, and emotional sig-
nals, on the other, appears to be highly conserved among primates
and possibly with a gradient of similarity following the phyloge-
netic tree, with chimpanzees potentially closer to humans than
monkeys to humans. The basic physical properties of the signal
appear to be treated similarly across primates, as well as the sub-
cortical structures responsible for their treatment, which have been
covered earlier in the text and in other reviews. Here, we focus on
the cortical structures that have a larger part to play in the analysis
of the emotional content of a call in primates. The general regions
of interest that appear both in the vocalization and emotion liter-
ature lie in the IFC and superior temporal cortex. The STG appears
to be particularly important for the treatment of both vocalizations
and emotions among primates. The STS may have additionally been
specialized in the human lineage to support properties of language,
as well as to decode emotional prosody. Here it is important to note
that these aspects have only been compared in humans and monkey
species because of the invasiveness of the techniques used. Chim-
panzees and bonobos appear to be generally closer to humans in
neural organization than to monkeys, and it will be necessary to
investigate how close the three species are at the resulting cogni-
tive level (Rilling, 2014). We certainly do not advocate for the use of
invasive research with chimpanzees to explore these questions, but
suggest that alternative techniques and protocols must be devel-
oped in the near future to assess the claimed uniqueness of certain
functions and related cerebral structures in humans, especially
through comparison with their closest relatives, the chimpanzees
and bonobos. In particular, we believe it is of utmost importance
to precisely assess the role of the STS and IFG in emotional decod-
ing in chimpanzees, and more generally, in higher order cognitive
processes (e.g. Hecht et al., 2013). On the basis of our review and
comparable data in humans, we therefore predict that a general
STG-STS-IFG functional network that has been highlighted in the
treatment of human emotions will be uncovered in the treatment of
emotional vocalizations in chimpanzees, particularly in their abil-
ities to discriminate and categorize emotional calls. An informed
comparison will allow the precise isolation of the decoding of vocal
emotional expressions that evolved solely in the human lineage.

7. Integrating intentional communication with emotional
vocalizations in primates

Our review has also shown interesting convergences between
the study of emotion and vocalizations in primates, suggesting that
several aspects have to be taken into account when evaluating how
primates process, evaluate, and categorize the emotional content
of the calls they perceive. At the behavioral level, recent research
has shown evidence that all primate calls should not be consid-
ered equally with respect to their emotional content. In particular,
learned vocalizations (such as attention-getting sounds) appear
to differ from other vocalizations and may recruit different net-
works in the brain (Losin et al., 2008; Taglialatela et al., 2008).
Considering these results were obtained in captivity, how ecolog-
ically valid is this assertion? Primate vocalizations are notoriously
fixed in nature, with little description of potential cases of learn-
ing, particularly in the wild (Fischer et al., 2015; Watson et al.,
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Fig. 1. A schematic representation of the aspects that must be taken into account when analyzing emotional vocalizations in primates. Degree of control (black), degree of
learning (green), and valence (red) constitute the axes of a three dimensional space while arousal is represented by the size of the spheres (each symbolizing a different call)
in this space. Here, for instance, the rightward vocalization is positively valenced, has a large learnt component, and is produced intentionally while the caller is in a high
arousal state; in contrast, the leftward vocalization is negatively valenced, largely innate, and is produced without any control by the caller while in a low arousal state. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

2015). Nevertheless, a confounding factor in the previous analy-
sis was the intentional characteristic of the calls analyzed (Losin
et al., 2008). Intentional production of calls suggests that animals
have control over their vocal tract to produce specific intentional
vocalizations; animals thus communicate intentionally a particu-
lar content by producing voluntary and recipient-direct signals as
a means to reach that goal, modifying the recipient’s behavior in
the process (Townsend et al., 2016). While still debated, there is
now much evidence of such control in primates, particularly chim-
panzees (Crockford et al., 2012; Gruber and Zuberbiihler, 2013;
Schel et al., 2013; Townsend et al., 2016), although this could also
constitute cases of contextual learning (Janik and Slater, 2000). An
important aspect of the intentional characteristic of a call is that it
may not prevent it from bearing emotional content, as is the case in
humans. In two recent examples, Crockford et al. (2012) and Schel
et al. (2013) showed that wild chimpanzees could control the pro-
duction of a “snake hoo” alarm call to inform other individuals of
the presence of a snake, an upsetting experience for the subject.
That is, despite an equivalent external stimulus (either a static or
moving snake depending on the study), tested chimpanzees in the
two studies were able to modulate their call production depend-
ing on whether their audience had previously seen the snake or
not. Similarly, Gruber and Zuberbiihler (2013) showed that chim-
panzees could intentionally control the production of a “travel hoo”
to recruit individuals for travel. In doing so, they were making their
internal state public (‘I'm in the mood for travelling’), but only to a
preferred audience.

These two sets of studies, in different contexts, in addition to the
other studies reviewed earlier, therefore show that there are at least
four aspects that can be taken into account when analyzing emo-
tional calls in primates (Fig. 1): (i) the degree of learning to which
they are subjected, (ii) the degree of control that signalers can apply
to their production, (iii) the emotional dimensions of the call (i.e.
valence and arousal) and (iv) the intended meaning by the producer
and inferred meaning by the recipient, if any (see Sievers et al., in
press for a discussion of the two last points in the general context
of intentional communication). As our review has shown, different
subcortical and cortical structures are likely to be involved differ-
entially for each of these dimensions. These different aspects lead
us to suggest that emotional calls in primates, including humans,

can be of three types: (a) spontaneous and uncontrolled, (b) sponta-
neous but controllable via voluntary inhibition or amplification of
the call, or (c) produced intentionally by the signaler with the intent
to induce an emotional state or a specific response in the audience.
Here, to distinguish empirically between the different types of call
production, it will be necessary to study to the context in which
the call is produced, as well as the potential recipient’s behavioral
response to the production of the call. As such, the more flexibility is
found in the interaction between signalers and recipients, the more
likely the production of the call is intentional and the interaction
an instance of intentional communication (Sievers et al., in press).
Note that a specific call is not tied to a specific category and must
be analyzed within its context of production to be correctly sorted
(e.g. Clay et al., 2015): the same call, e.g. a tantrum scream, can
be produced in response to an unlikely event (in this case, uncon-
trollably, for instance, an adult female bonobo being hit by a falling
coconut; Z. Clay, personal communication), can be modified accord-
ing to the intended audience (Slocombe and Zuberbiihler, 2007), or
can be produced with the goal of modifying a mother’s behavior
in chimpanzees (Nishida, 1990). The tantrum example illustrated
here in the two Pan species can easily be matched to the tantrums
produced by human children.

8. Conclusion

To conclude, our review has shown that it is possible to combine
the study of emotions and vocalizations in primates, without nec-
essarily having to determine whether the emotional characteristic
of primate vocalizations makes them innate by nature and impos-
sible to control for the producer. We have shown that there are
highly conserved cerebral structures and possibly patterns of con-
nectivity involved in both the production and the perception of
emotions and vocalizations in primates, suggesting that a phylo-
genetic approach can be useful to the understanding of the two
systems. Finally, we propose that, to resolve opposing views about
the emotional processing of primate vocalizations, it is necessary
to take into account the voluntary characteristic of the calls, that is
how intentional the production of these vocalizations is and how
intentional the communicative event where a specific vocalization
occurs is. Such analysis will allow deciphering between cases where
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primates have absolutely no control over their vocalizations from
cases where they may want to make their emotions public to a spe-
cific audience. In this respect, our proposal, exemplified here in the
auditory domain, may also be applied in other means of communi-
cation such as the visual domain, opening the possibility to analyze
the emotional side of primate communication as a whole in the
future, as well as its connection with human emotional behavior.

Acknowledgements

We thank the Swiss National Science Foundation (SNSF) for sup-
porting the National Center of Competence in Affective Sciences
(NCCR Grant 51NF40-104897 to DG) hosted by the Swiss Center
for Affective Sciences. TG was supported by an SNSF Interdisci-
plinary Project (CR1311.162720/1) grant by the SNSF during the
writing of this article. TG thanks Christine Sievers for useful discus-
sion about the content of this article. We thank three anonymous
reviewers for their constructive comments on previous versions of
the manuscript.

References

Aboitiz, F., Garcia, R.R.,, Bosman, C., Brunetti, E., 2006. Cortical memory
mechanisms and language origins. Brain Lang. 98, 40-56.

Adolphs, R, Tranel, D., 1999. Intact recognition of emotional prosody following
amygdala damage. Neuropsychologia 37, 1285-1292.

Aitken, P.G., 1981. Cortical control of conditioned and spontaneous vocal behavior
in rhesus monkeys. Brain Lang. 13, 636-642.

Alba-Ferrara, L., Hausmann, M., Mitchell, R.L., Weis, S., 2011. The neural correlates
of emotional prosody comprehension: disentangling simple from complex
emotion. PLoS One 6, e28701.

Anderson, A.K,, Christoff, K., Stappen, L., Panitz, D., Ghahremani, D.G., Glover, G.,
Gabrieli, J.D.E., Sobel, N., 2003. Dissociated neural representations of intensity
and valence in human olfaction. Nat. Neurosci. 6, 196-202.

Ankel-Simons, F., 2007. Primate Anatomy: An Introduction, 3rd ed. Academic
Press, Burlington, MA.

Arbib, M.A,, Liebal, K., Pika, S., 2008. Primate vocalization, gesture, and the
evolution of human language. Curr. Anthropol. 49, 1052-1075.

Bach, D.R,, Grandjean, D., Sander, D., Herdener, M., Strik, W.K,, Seifritz, E., 2008a.
The effect of appraisal level on processing of emotional prosody in
meaningless speech. Neuroimage 42, 919-927.

Bach, D.R,, Schachinger, H., Neuhoff, ].G., Esposito, F., Di Salle, F., Lehmann, C.,
Herdener, M., Scheffler, K., Seifritz, E., 2008b. Rising sound intensity: an
intrinsic warning cue activating the amygdala. Cereb. Cortex 18, 145-150.

Bach, D.R,, Hurlemann, R, Dolan, RJ., 2013. Unimpaired discrimination of fearful
prosody after amygdala lesion. Neuropsychologia 51, 2070-2074.

Banse, R., Scherer, K.R., 1996. Acoustic profiles in vocal emotion expression. J. Pers.
Soc. Psychol. 70, 614-636.

Baraud, I, Buytet, B., Bec, P., Blois-Heulin, C., 2009. Social laterality and
‘transversality’ in two species of mangabeys: influence of rank and implication
for hemispheric specialization. Behav. Brain Res. 198, 449-458.

Bekoff, M., 2007. The Emotional Lives of Animals. New World Library, Novato, CA.

Belin, P., Zatorre, R/]., Lafaille, P., Ahad, P., Pike, B., 2000. Voice-selective areas in
human auditory cortex. Nature 403, 309-312.

Belin, P., Fecteau, S., Bedard, C., 2004. Thinking the voice: neural correlates of voice
perception. Trends Cogn. Sci. 8, 129-135.

Briefer, E.F., 2012. Vocal expression of emotions in mammals: mechanisms of
production and evidence. ]. Zool. 288, 1-20.

Brosch, M., Scheich, H., 2003. Neural representation of sound patterns in the
auditory cortex of monkeys. In: Ghazanfar, A.A. (Ed.), Primate Audition:
Ethology and Neurobiology. CRC Press, Boca Raton, pp. 151-175.

Buchanan, T.W., Lutz, K., Mirzazade, S., Specht, K., Shah, N.J,, Zilles, K., Jancke, L.,
2000. Recognition of emotional prosody and verbal components of spoken
language: an fMRI study. Cogn. Brain Res. 9, 227-238.

Casperd, J.M., Dunbar, R..LM., 1996. Asymmetries in the visual processing of
emotional cues during agonistic interactions by gelada baboons. Behav.
Process. 37, 57-65.

Clay, Z., Archbold, J., Zuberbiihler, K., 2015. Functional flexibility in wild bonobo
vocal behaviour. Peer]. 3, e1124.

Coudé, G., Ferrari, P.F., Roda, F., Maranesi, M., Borelli, E., Veroni, V., Monti, F., Rozzi,
S., Fogassi, L., 2011. Neurons controlling voluntary vocalization in the macaque
ventral premotor cortex. PLoS One 6, e26822.

Crivelli, C., Russell, ].A., Jarillo, S., Fernandez-Dols, J.-M., 2016. The fear gasping face
as a threat display in a Melanesian society. Proc. Natl. Acad. Sci. 113,
12403-12407.

Crockford, C., Wittig, R.M., Mundry, R., Zuberbiihler, K., 2012. Wild chimpanzees
inform ignorant group members of danger. Curr. Biol. 22, 142-146.

Damasio, A., 1994. Descartes’ Error: Emotion, Reason, and the Human Brain.
Putnam, New York.

Davila-Ross, M., Allcock, B., Thomas, C., Bard, K.A., 2011. Aping expressions?
Chimpanzees produce distinct laugh types when responding to laughter of
others. Emotion 11, 1013-1020.

Dawkins, M.S., 2000. Animal minds and animal emotions. Am. Zool. 40, 883-888.

de Waal, F.B.M., 2011. What is an animal emotion? Ann. N. Y. Acad. Sci. 1224,
191-206.

Ekman, P., 1992. An argument for basic emotions. Cogn. Emot. 6, 169-200.

Ethofer, T., Kreifelts, B., Wiethoff, S., Wolf, ]., Grodd, W., Vuilleumier, P., Wildgruber,
D., 2009. Differential influences of emotion, task, and novelty on brain regions
underlying the processing of speech melody. J. Cogn. Neurosci. 21, 1255-1268.

Fecteau, S., Belin, P., Joanette, Y., Armony, J.L., 2007. Amygdala responses to
nonlinguistic emotional vocalizations. Neuroimage 36, 480-487.

Fernandez-Carriba, S., Loeches, A., Morcillo, A., Hopkins, W.D., 2002. Asymmetry in
facial expression of emotions by chimpanzees. Neuropsychologia 40,
1523-1533.

Fichtel, C., Hammerschmidt, K., Jiirgens, U., 2001. On the vocal expression of
emotion: a multi-parametric analysis of different states of aversion in the
squirrel monkey. Behaviour 138, 97-116.

Fischer, J., Wheeler, B.C., Higham, ].P., 2015. [s there any evidence for vocal learning
in chimpanzee food calls? Curr. Biol. 25, R1028-R1029.

Fitch, W.T., Braccini, S.N., 2013. Primate laterality and the biology and evolution of
human handedness: a review and synthesis. Ann. N. Y. Acad. Sci. 1288, 70-85.

Fitch, W.T., 2012. Evolutionary developmental biology and human language
evolution: constraints on adaptation. Evol. Biol. 39, 613-637.

Frithholz, S., Grandjean, D., 2012. Towards a fronto-temporal neural network for
the decoding of angry vocal expressions. Neuroimage 62, 1658-1666.

Frithholz, S., Grandjean, D., 2013. Amygdala subregions differentially respond and
rapidly adapt to threatening voices. Cortex 49, 1394-1403.

Frithholz, S., Ceravolo, L., Grandjean, D., 2012. Specific brain networks during
explicit and implicit decoding of emotional prosody. Cereb. Cortex 22,
1107-1117.

Frithholz, S., Trost, W., Grandjean, D., 2014. The role of the medial temporal limbic
system in processing emotions in voice and music. Prog. Neurobiol. 123
(December), 1-17, http://dx.doi.org/10.1016/j.pneurobio.2014.09.003, Epub
2014 Oct 5.

Gabi, M., Neves, K., Masseron, C., Ribeiro, P.F.M., Ventura-Antunes, L., Torres, L.,
Mota, B., Kaas, J.H., Herculano-Houzel, S., 2016. No relative expansion of the
number of prefrontal neurons in primate and human evolution. Proc. Natl.
Acad. Sci. 113,9617-9622.

Gannon, PJ.,, Holloway, R.L, Broadfield, D.C., Braun, A.R., 1998. Asymmetry of
chimpanzee planum temporale: humanlike pattern of Wernicke’s brain
language area homolog. Science 279, 220-222.

Gemba, H., Miki, N., Sasaki, K., 1995. Cortical field potentials preceding vocalization
and influences of cerebellar hemispherectomy upon them in monkeys. Brain
Res. 697, 143-151.

Ghazanfar, A.A., Eliades, SJJ., 2014. The neurobiology of primate vocal
communication. Curr. Opin. Neurobiol. 28, 128-135.

Ghazanfar, A.A., Hauser, M.D., 1999. The neuroethology of primate vocal
communication: substrates for the evolution of speech. Trends Cogn. Sci. 3,
377-385.

Ghazanfar, A.A., Logothetis, N.K., 2003. Neuroperception: facial expressions linked
to monkey calls. Nature 423, 937-938.

Ghazanfar, A.A., Rendall, D., 2008. Evolution of human vocal production. Curr. Biol.
18, R457-R460.

Gil-Da-Costa, R., Martin, A., Lopes, M.A., Munoz, M., Fritz, ].B., Braun, A.R., 2006.
Species-specific calls activate homologs of Broca’s and Wernicke’s areas in the
macaque. Nat. Neurosci. 9, 1064-1070.

Glowa, J.R., Newman, ].D., 1986. Benactyzine increases alarm call rates in the
squirrel monkey. Psychopharmacology (Berl) 90, 457-460.

Grandjean, D., Sander, D., Pourtois, G., Schwartz, S., Seghier, M.L., Scherer, K.R.,
Vuilleumier, P., 2005. The voices of wrath: brain responses to angry prosody in
meaningless speech. Nat. Neurosci. 8, 145-146.

Grandjean, D., Banziger, T., Scherer, K.R., 2006. Intonation as an interface between
language and affect. Prog. Brain Res. 156, 235-247.

Groswasser, Z., Korn, C., Groswasser-Reider, I, Solzi, P., 1988. Mutism associated
with buccofacial apraxia and bihemispheric lesions. Brain Lang. 34, 157-168.

Gruber, T., Zuberbiihler, K., 2013. Vocal recruitment for joint travel in wild
chimpanzees. PLoS One 8, e76073.

Hage, S.R., Nieder, A., 2013. Single neurons in monkey prefrontal cortex encode
volitional initiation of vocalizations. Nat. Commun. 4, 2409.

Hage, S.R., Gavrilov, N., Nieder, A., 2016. Developmental changes of cognitive vocal
control in monkeys. J. Exp. Biol. 219, 1744-1749.

Hauser, M.D., Akre, K., 2001. Asymmetries in the timing of facial and vocal
expressions by rhesus monkeys: implications for hemispheric specialization.
Anim. Behav. 61, 391-400.

Hauser, M.D., 1993. Right-hemisphere dominance for the production of facial
expression in monkeys. Science 261, 475-477.

Hecht, E.E., Murphy, L.E., Gutman, D.A., Votaw, ].R,, Schuster, D.M.,, Preuss, T.M.,
Orban, G.A,, Stout, D., Parr, L.A., 2013. Differences in neural activation for
object-directed grasping in chimpanzees and humans. J. Neurosci. 33,
14117-14134.

Heffner, R.S., 2004. Primate hearing from a mammalian perspective. Anat. Rec. Part
A: Discov. Mol. Cell. Evol. Biol. 281A, 1111-1122.

Hirata, S., Matsuda, G., Ueno, A., Fukushima, H., Fuwa, K., Sugama, K., Kusunoki, K.,
Tomonaga, M., Hiraki, K., Hasegawa, T., 2013. Brain response to affective
pictures in the chimpanzee. Sci. Rep. 3, 1342.


http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0005
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0010
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0015
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0020
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0025
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0030
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0035
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0040
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0045
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0050
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0055
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0060
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0065
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0070
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0075
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0080
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0085
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0090
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0095
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0100
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0105
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0110
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0115
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0120
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0125
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0130
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0135
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0140
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0145
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0150
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0155
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0160
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0165
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0170
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0175
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0180
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0185
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0190
dx.doi.org/10.1016/j.pneurobio.2014.09.003
dx.doi.org/10.1016/j.pneurobio.2014.09.003
dx.doi.org/10.1016/j.pneurobio.2014.09.003
dx.doi.org/10.1016/j.pneurobio.2014.09.003
dx.doi.org/10.1016/j.pneurobio.2014.09.003
dx.doi.org/10.1016/j.pneurobio.2014.09.003
dx.doi.org/10.1016/j.pneurobio.2014.09.003
dx.doi.org/10.1016/j.pneurobio.2014.09.003
dx.doi.org/10.1016/j.pneurobio.2014.09.003
dx.doi.org/10.1016/j.pneurobio.2014.09.003
dx.doi.org/10.1016/j.pneurobio.2014.09.003
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0200
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0205
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0210
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0215
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0220
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0225
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0230
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0235
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0240
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0245
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0250
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0255
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0260
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0265
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0270
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0275
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0280
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0285
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0290
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0295
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0295

T. Gruber, D. Grandjean / Neuroscience and Biobehavioral Reviews 73 (2017) 182-190 189

Hook-Costigan, M.A,, Rogers, LJ., 1998. Lateralized use of the mouth in production
of vocalizations by marmosets. Neuropsychologia 36, 1265-1273.

Hopkins, W.D., Cantalupo, C., 2005. Individual and setting differences in the hand
preferences of chimpanzees (Pan troglodytes): a critical analysis and some
alternative explanations. Laterality 10, 65-80.

Hopkins, W.D., Marino, L., Rilling, ].K., MacGregor, L.A., 1998. Planum temporale
asymmetries in great apes as revealed by magnetic resonance imaging (MRI).
Neuroreport 9, 2913-2918.

Jurgens, U,, Kirzinger, A., von Cramon, D., 1982. The effects of deep-reaching
lesions in the cortical face area on phonation—a combined case-report and
experimental monkey study. Cortex 18, 125-139.

Jurgens, U., 1976. Projections from the cortical larynx area in the squirrel monkey.
Exp. Brain Res. 25, 401-411.

Jurgens, U., 2002. Neural pathways underlying vocal control. Neurosci. Biobehav.
Rev. 26, 235-258.

Jack, REE., Garrod, O.G.B., Yu, H., Caldara, R, Schyns, P.G., 2012. Facial expressions of
emotion are not culturally universal. Proc. Natl. Acad. Sci. U. S. A. 109,
7241-7244.

Janik, V.M, Slater, P.J.B., 2000. The different roles of social learning in vocal
communication. Anim. Behav. 60, 1-11.

Joly, O., Pallier, C., Ramus, F., Pressnitzer, D., Vanduffel, W., Orban, G.A., 2012.
Processing of vocalizations in humans and monkeys: a comparative fMRI
study. Neuroimage 62, 1376-1389.

Kaas, J.H., Hackett, T.A., Tramo, M.J., 1999. Auditory processing in primate cerebral
cortex. Curr. Opin. Neurobiol. 9, 164-170.

Kirzinger, A., Jiirgens, U., 1982. Cortical lesion effects and vocalization in the
squirrel monkey. Brain Res. 233, 299-315.

Kirzinger, A., Jiirgens, U., 1985. The effects of brain-stem lesions on vocalization in
the squirrel monkey. Brain Res. 358, 150-162.

Leitman, D.L, Wolf, D.H., Ragland, ].D., Laukka, P., Loughead, J., Valdez, ].N., Javitt,
D.C., Turetsky, B.I, Gur, R.C., 2010. It's not what you say, but how you say it: a
reciprocal temporo-frontal network for affective prosody. Front. Hum.
Neurosci. 4, 1-13.

Liebal, K., Waller, B.M., Burrows, A.M., Slocombe, K., 2014. Primate Communication:
A Multimodal Approach. Cambridge University Press, Cambridge.

Lindell, A.K., 2013. Continuities in emotion lateralization in human and
non-human primates. Front. Hum. Neurosci. 7, 464.

Losin, E.A.R., Russell, ].L., Freeman, H., Meguerditchian, A., Hopkins, W.D., 2008. Left
hemisphere specialization for oro-facial movements of learned vocal signals by
captive chimpanzees. PLoS One 3, e2529.

Maguire, E.A., 2001. Neuroimaging, memory and the human hippocampus. Rev.
Neurol. (Paris) 157, 791-794.

Mariani, C., Spinnler, H., Sterzi, R., Vallar, G., 1980. Bilateral perisylvian softenings:
bilateral anterior opercular syndrome (Foix-Chavany-Marie syndrome). J.
Neurol. 223, 269-284.

Mitchell, R.L,, Elliott, R., Barry, M., Cruttenden, A., Woodruff, P.W., 2003. The neural
response to emotional prosody, as revealed by functional magnetic resonance
imaging. Neuropsychologia 41, 1410-1421.

Moreno, C., Borod, J., Welkowitz, J., Alpert, M., 1990. Lateralization for the
expression and perception of facial emotion as a function of age.
Neuropsychologia 28, 199-209.

Morris, R.D., Hopkins, W.D., 1993. Perception of human chimeric faces by
chimpanzees—evidence for a right-hemisphere advantage. Brain Cogn. 21,
111-122.

Nieuwenhuys, R., 1996. The greater limbic system: the emotional motor system
and the brain. Prog. Brain Res. 107, 551-580.

Nishida, T., 1990. Deceptive behavior in young chimpanzees: an essay. In: Nishida,
T. (Ed.), The Chimpanzees of the Mahale Mountains. Tokyo University Press,
Tokyo, pp. 285-290.

Ordéiiez-Gémez, .D., Dunn, J.C., Arroyo-Rodriguez, V., Méndez-Cardenas, M.G.,
Marquez-Arias, A., Santillin-Doherty, A.M., 2015. Role of emitter and severity
of aggression influence the agonistic vocalizations of Geoffroy’s spider
monkeys (Ateles geoffroyi). Int. J. Primatol. 36, 429-440.

Owren, M., Amoss, R.T., Rendall, D., 2011. Two organizing principles of vocal
production: implications for nonhuman and human primates. Am. J. Primatol.
73, 530-544.

Péron, ]., Frithholz, S., Vérin, M., Grandjean, D., 2013. Subthalamic nucleus: a key
structure for emotional component synchronization in humans. Neurosci.
Biobehav. Rev. 37, 358-373.

Panksepp, J., 2011a. The basic emotional circuits of mammalian brains: do animals
have affective lives? Neurosci. Biobehav. Rev. 35, 1791-1804.

Panksepp, J., 2011b. Cross-species affective neuroscience decoding of the primal
affective experiences of humans and related animals. PLoS One 6, e21236.

Pannese, A., Grandjean, D., Frithholz, S., 2015. Subcortical processing in auditory
communication. Hear. Res. 328, 67-77.

Parr, L.A., Hopkins, W.D., 2000. Brain temperature asymmetries and emotional
perception in chimpanzees, Pan troglodytes. Physiol. Behav. 71, 363-371.

Parr, L.A., Waller, B.M.,, Fugate, J., 2005. Emotional communication in primates:
implications for neurobiology. Curr. Opin. Neurobiol. 15, 716-720.

Patel, S., Scherer, K.R,, Bjorkner, E., Sundberg, J., 2011. Mapping emotions into
acoustic space: the role of voice production. Biol. Psychol. 87, 93-98.

Paulmann, S., Pell, M.D., Kotz, S.A., 2009. Comparative processing of emotional
prosody and semantics following basal ganglia infarcts: ERP evidence of
selective impairments for disgust and fear. Brain Res. 1295, 159-169.

Petkov, C.I,, Kayser, C., Steudel, T., Whittingstall, K., Augath, M., Logothetis, N.K.,
2008. A voice region in the monkey brain. Nat. Neurosci. 11, 367-374.

Phillips, M.L,, Young, A.W., Scott, S.K., Calder, AJ., Andrew, C., Giampietro, V.,
Williams, S.C., Bullmore, E.T., Brammer, M., Gray, J.A., 1998. Neural responses
to facial and vocal expressions of fear and disgust. Proc. R. Soc. B: Biol. Sci. 265,
1809-1817.

Pilcher, D.L., Hammock, E.A.D., Hopkins, W.D., 2001. Cerebral volumetric
asymmetries in non-human primates: a magnetic resonance imaging study.
Laterality 6, 165-179.

Poremba, A., Malloy, M., Saunders, R.C., Carson, R.E., Herscovitch, P., Mishkin, M.,
2004. Species-specific calls evoke asymmetric activity in the monkey’s
temporal poles. Nature 427, 448-451.

Ramsier, M.A., Cunningham, AJ., Finneran, J.J., Dominy, N.J., 2012. Social drive and
the evolution of primate hearing. Phil. Trans. R. Soc. B : Biol. Sci. 367,
1860-1868.

Rauschecker, J.P., Tian, B., 2000. Mechanisms and streams for processing of what
and where in auditory cortex. Proc. Natl. Acad. Sci. U. S. A. 97, 11800-11806.

Rilling, ].K., Glasser, M.F., Preuss, T.M., Ma, X., Zhao, T., Hu, X., Behrens, T.E., 2008.
The evolution of the arcuate fasciculus revealed with comparative DTI. Nat.
Neurosci. 11, 426-428.

Rilling, J.K., 2006. Human and nonhuman primate brains: are they allometrically
scaled versions of the same design? Evol. Anthropol. 15, 65-77.

Rilling, J.K., 2014. Comparative primate neuroimaging: insights into human brain
evolution. Trends Cogn. Sci. 18, 46-55.

Sander, K., Scheich, H., 2005. Left auditory cortex and amygdala, but right insula
dominance for human laughing and crying. J. Cogn. Neurosci. 17, 1519-1531.

Sander, D., Grafman, J., Zalla, T., 2003a. The human amygdala: an evolved system
for relevance detection. Rev. Neurosci. 14, 303-316.

Sander, K., Brechmann, A., Scheich, H., 2003b. Audition of laughing and crying
leads to right amygdala activation in a low-noise fMRI setting. Brain Res.
Protoc. 11, 81-91.

Sander, D., Grandjean, D., Pourtois, G., Schwartz, S., Seghier, M.L., Scherer, K.R.,
Vuilleumier, P., 2005. Emotion and attention interactions in social cognition:
brain regions involved in processing anger prosody. Neuroimage 28, 848-858.

Sander, K., Frome, Y., Scheich, H., 2007. FMRI activations of amygdala, cingulate
cortex, and auditory cortex by infant laughing and crying. Hum. Brain Mapp.
28,1007-1022.

Sauter, D.A,, Eisner, F., Calder, AJ]., Scott, S.K., 2010. Perceptual cues in nonverbal
vocal expressions of emotion. Q. J. Exp. Psychol. 63, 2251-2272.

Schel, A.M., Townsend, S.W., Machanda, Z., Zuberbiihler, K., Slocombe, K.E., 2013.
Chimpanzee alarm call production meets key criteria for intentionality. PLoS
One 8, e76674.

Scherer, K.R., 1994. Affect bursts. In: van Goozen, S., van de Poll, N.E., Sergeant, ].A.
(Eds.), Emotions: Essays on Emotion Theory. Erlbaum, Hillsdale, NJ, pp.
161-196.

Schirmer, A., Kotz, S.A., 2006. Beyond the right hemisphere: brain mechanisms
mediating vocal emotional processing. Trends Cogn. Sci. 10, 24-30.

Schirmer, A., Fox, M., Grandjean, D., 2012. On the spatial organization of sound
processing in the human temporal lobe: a meta-analysis. Neuroimage 63,
137-147.

Schrober, M., 2003. Experimental study of affect bursts. Speech Commun. 40,
99-116.

Scott, S.K., Young, AW., Calder, A]., Hellawell, D.J., Aggleton, ].P., Johnson, M., 1997.
Impaired auditory recognition of fear and anger following bilateral amygdala
lesions. Nature 385, 254-257.

Seyfarth, R.M., Cheney, D.L., 2003. Meaning and emotion in animal vocalizations.
Ann. N. Y. Acad. Sci. 1000, 32-55.

Sievers, C., Gruber, T., 2016. Reference in human and non-human primate
communication: what does it take to refer? Anim. Cogn. 19, 759-768.

Sievers, C., Wild, M., Gruber, T., in press. Intentionality and flexibility in animal
communication. In: Andrews, K., Beck, ]. (Eds.), Routledge Handbook of
Philosophy of Animal Minds. Routledge.

Slocombe, K.E., Zuberbiihler, K., 2007. Chimpanzees modify recruitment screams
as a function of audience composition. Proc. Natl. Acad. Sci. U. S. A. 104,
17228-17233.

Sprengelmeyer, R., Young, A.W., Schroeder, U., Grossenbacher, P.G., Federlein, J.,
Buttner, T., Przuntek, H., 1999. Knowing no fear. Proc. R. Soc. B: Biol. Sci. 266,
2451-2456.

Taglialatela, J.P., Russell, J.L., Schaeffer, ].A., Hopkins, W.D., 2008. Communicative
signaling activates ‘Broca’s’ homolog in chimpanzees. Curr. Biol. 18, 343-348.

Taglialatela, J.P., Russell, J.L., Schaeffer, J.A., Hopkins, W.D., 2009. Visualizing vocal
perception in the chimpanzee brain. Cereb. Cortex 19, 1151-1157.

Taglialatela, J.P., Russell, J.L., Schaeffer, ].A., Hopkins, W.D., 2011. Chimpanzee vocal
signaling points to a multimodal origin of human language. PLoS One 6,
e18852.

Taglialatela, J.P., Reamer, L., Schapiro, S.J., Hopkins, W.D., 2012. Social learning of a
communicative signal in captive chimpanzees. Biol. Lett. 8, 498-501.

Tomasello, M., 2008. Origins of Human Communication. MIT Press, Cambridge, MA.

Townsend, S., Koski, S., Byrne, R., Slocombe, K., Bickel, B., Braga Goncalves, L.,
Boeckle, M., Burkart, J., Flower, T., Gaunet, F., Glock, H., Gruber, T., Jansen, D.,
Liebal, K., Linke, A., Miklosi, A., Moore, R., van Schaik, C,, Stoll, S., Vail, A., Waller,
B., Wild, M., Zuberbiihler, K., Manser, M.B., 2016. Exorcising Grice’s ghost: an
empirical approach to studying intentional communication in animals. Biol.
Rev. Cambridge Philos. Soc., http://dx.doi.org/10.1111/brv.12289.

Wallez, C., Vauclair, J., 2011. Right hemisphere dominance for emotion processing
in baboons. Brain Cogn. 75, 164-169.

Wallez, C., Schaeffer, J., Meguerditchian, A., Vauclair, J., Schapiro, S.J., Hopkins,
W.D., 2012. Contrast of hemispheric lateralization for oro-facial movements


http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0300
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0305
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0310
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0315
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0320
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0325
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0330
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0335
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0340
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0345
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0350
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0355
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0360
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0365
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0370
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0375
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0380
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0385
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0390
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0395
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0400
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0405
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0410
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0415
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0420
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0425
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0430
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0435
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0440
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0445
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0450
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0455
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0460
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0465
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0470
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0475
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0480
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0485
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0490
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0495
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0500
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0505
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0510
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0515
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0520
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0525
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0530
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0535
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0540
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0545
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0550
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0555
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0560
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0565
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0570
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0575
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0585
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0590
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0595
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0600
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0605
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0610
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0615
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0615
dx.doi.org/10.1111/brv.12289
dx.doi.org/10.1111/brv.12289
dx.doi.org/10.1111/brv.12289
dx.doi.org/10.1111/brv.12289
dx.doi.org/10.1111/brv.12289
dx.doi.org/10.1111/brv.12289
dx.doi.org/10.1111/brv.12289
dx.doi.org/10.1111/brv.12289
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0625
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630

190 T. Gruber, D. Grandjean / Neuroscience and Biobehavioral Reviews 73 (2017) 182-190

between learned attention-getting sounds and species-typical vocalizations in
chimpanzees: extension in a second colony. Brain Lang. 123, 75-79.

Watson, S.K., Townsend, S.W., Schel, A.M., Wilke, C., Wallace, E.K., Cheng, L., West,
V., Slocombe, K.E., 2015. Vocal learning in the functionally referential food
grunts of chimpanzees. Curr. Biol. 25, 495-499.

Wattendorf, E., Westermann, B., Fiedler, K., Kaza, E., Lotze, M., Celio, M.R., 2013.
Exploration of the neural correlates of ticklish laughter by functional magnetic
resonance imaging. Cereb. Cortex 23, 1280-1289.

Wiethoff, S., Wildgruber, D., Kreifelts, B., Becker, H., Herbert, C., Grodd, W., Ethofer,
T., 2008. Cerebral processing of emotional prosody - influence of acoustic
parameters and arousal. Neuroimage 39, 885-893.

Wiethoff, S., Wildgruber, D., Grodd, W., Ethofer, T., 2009. Response and habituation
of the amygdala during processing of emotional prosody. Neuroreport 20,
1356-1360.

Wildgruber, D., Hertrich, L, Riecker, A, Erb, M., Anders, S., Grodd, W., Ackermann,
H., 2004. Distinct frontal regions subserve evaluation of linguistic and
emotional aspects of speech intonation. Cereb. Cortex 14, 1384-1389.

Wildgruber, D., Riecker, A., Hertrich, L., Erb, M., Grodd, W., Ethofer, T., Ackermann,
H., 2005. Identification of emotional intonation evaluated by fMRI. Neuroimage
24,1233-1241.

Wildgruber, D., Ethofer, T., Grandjean, D., Kreifelts, B., 2009. A cerebral network
model of speech prosody comprehension. Int. J. Speech Lang. Pathol. 11,
277-281.

Yeni-Komshian, G.H., Benson, D.A., 1976. Anatomical study of cerebral asymmetry
in the temporal lobe of humans, chimpanzees, and rhesus monkeys. Science
192, 387-389.

Zatorre, R/]., Belin, P., 2001. Spectral and temporal processing in human auditory
cortex. Cereb. Cortex 11, 946-953.

Zhu, Q., Nelissen, K., Van den Stock, ., De Winter, F.-L., Pauwels, K., de Gelder, B.,
Vanduffel, W., Vandenbulcke, M., 2013. Dissimilar processing of emotional
facial expressions in human and monkey temporal cortex. Neuroimage 66,
402-411.


http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0630
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0635
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0640
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0645
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0650
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0655
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0660
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0665
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0670
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0675
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680
http://refhub.elsevier.com/S0149-7634(16)30569-3/sbref0680

	A comparative neurological approach to emotional expressions in primate vocalizations
	1 Introduction
	2 Comparative methods in use to investigate the cerebral bases of behavior in primates
	3 Brain mechanisms involved in vocal production and perception in primates
	3.1 Vocal communication: production
	3.2 Vocal communication: perception

	4 Lateralization of the brain for vocal and emotional processing in primates
	5 Brain mechanisms involved in emotional processing in primates
	6 Integrating brain mechanisms involved in vocal and emotional processing in primates
	7 Integrating intentional communication with emotional vocalizations in primates
	8 Conclusion
	Acknowledgements
	References


