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Abstract

:

Simple Summary


Thus far, little attention has been paid to interspecific odour communication of emotions, and no studies have examined whether humans are able to recognise animal emotions from body odour. Thus, the aim of the present study was to address this question. Body odour samples were collected from 16 two-year-old thoroughbred horses in fear and non-fear situations, respectively. The horse odour samples were then assessed by 73 human odour raters. We found that humans, as a group, were able to correctly assign whether horse odour samples were collected under a fear- or a non-fear condition, respectively. An open question remains, which is whether humans could simply distinguish between little versus much sweat and between high intensity versus low intensity or were able to recognise horses’ fear and non-fear emotions. To conclude, the present results indicate that olfaction might contribute to the human recognition of horse emotions. However, these results should be addressed with caution in light of the study’s limitations and only viewed as exploratory for future studies.




Abstract


Mammalian body odour conveys cues about an individual’s emotional state that can be recognised by conspecifics. Thus far, little attention has been paid to interspecific odour communication of emotions, and no studies have examined whether humans are able to recognise animal emotions from body odour. Thus, the aim of the present study was to address this question. Body odour samples were collected from 16 two-year-old thoroughbred horses in fear and non-fear situations, respectively. The horse odour samples were then assessed by 73 human odour raters. We found that humans, as a group, were able to correctly assign whether horse odour samples were collected under a fear- or a non-fear condition, respectively. Furthermore, they perceived the body odour of horses collected under the fear condition as more intense, compared with the non-fear condition. An open question remains, which is whether humans could simply distinguish between little versus much sweat and between high intensity versus low intensity or were able to recognise horses’ fear and non-fear emotions. These results appear to fit the notion that the ability to recognise emotions in other species may present an advantage to both the sender and the receiver of emotional cues, particularly in the interaction between humans and domesticated animals. To conclude, the present results indicate that olfaction might contribute to the human recognition of horse emotions. However, these results should be addressed with caution in light of the study’s limitations and only viewed as exploratory for future studies.
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1. Introduction


Olfactory communication via chemosignals is one of the most common ways in which animals convey information between conspecifics [1]. The natural body odour of animals and humans consists of a wide range of volatile compounds [2] that carry a variety of information. This information has been shown to also play an important role in human (Homo sapiens) non-verbal communication [3,4,5,6,7,8,9]. Body odour conveys cues that are essential for intraspecific social communication (for animals, see [1]; for humans, see [10]). This includes information about the emotional state of a conspecific (for non-human animals, see [11]; for humans, see [12]).



From a neuroanatomical perspective, odour information is directly linked to brain areas such as the amygdala, the hippocampus, and orbitofrontal cortex which are strongly associated with emotion processing and survival responses [13,14,15,16]. A growing number of studies suggest that the ability to recognise emotions based on odour cues emitted by conspecifics is shared by a number of social mammal species including gorillas [17], dogs [18], horses [19], and rats [20]. Animal body odour has been found to convey information about fear [21], withdrawal, and submission [22], as well as about dominance [23]. In a more recent study, Krueger and Flauger [19] found that horses spent most time sniffing the faeces of conspecifics from which they received the highest amount of aggressive behaviour.



Some of these findings are also consistent with reports in humans [8], as human body odour, too, carries information about one’s emotional state [5,6,7,12,24,25,26,27]. Humans are able to recognise emotions such as happiness [12,28,29] or fear [27,29,30] from the body odour of conspecifics.



The ability to recognise and respond appropriately to volatile chemicals carrying information about the emotional state of a conspecific is thought to provide benefits for both the signaller and the receiver. The processing of chemosensory anxiety signals affects perceptional performance in humans by increasing cognitive alertness [31]. The ability to recognise a conspecific’s emotions appears to be crucial for appropriate social interaction, particularly for group organisation [32], which is essential in social species such as, for example, horses [33].



Considering the intimate and long-lasting relationship between human subjects and domesticated animals, the question that arises is whether the ability to recognise emotions conveyed by chemosignals exists only within species or can also occur between species. For example, the domestication of horses started about 6000 years ago, and since then, they have been used for transport, herding, food, trade, welfare, competition, or recreation [34,35]. Nowadays, horses are commonly used as companion animals [36] or in therapeutic riding programmes [37,38,39]. All these are examples of interspecific relationships and suggest a possibly important role of the communication of emotions between humans and animals.



Interspecific odour communication of emotions has received increased attention in recent years [19,40,41,42,43,44]. D’Aniello et al. [41] reported that dogs are able to recognise human emotions from body odour, as they displayed behaviours indicating stress only when being presented with human odour of fear. In a recent study, Sabiniewicz et al. [44] demonstrated that horses presented differential behaviours in response to human fear and non-fear odour samples, showing the ability of purely olfactory recognition of human emotions. Moreover, human body odours were shown to induce systematic sympathetic and parasympathetic changes in horses, revealing that the human chemosignals are able to induce similar emotional status in horses [43,45]. In contrast, no studies so far have examined whether humans are able to recognise animal emotions from body odour. Thus, the aim of the present study was to address this question. We decided to use horses as odour donors, due to their long history of close coexistence with humans.




2. Materials and Methods


2.1. Odour Sampling


Odour sampling was conducted at Wrocław Horse Racing Stable Partynice in December 2018. Odour donors were 16 two-year-old thoroughbred horses (Equus ferus caballus): 11 males and 5 females. In the first step, pieces of near-odourless fleece material (30 × 50 cm, Jysk) were placed under new saddle pads. Then, the horses took part in a 20 min racing training. Since it was one of their first training, we expected that the horses might experience fear due to the stress related to carrying a rider and taking part in a race. These events are commonly known to be particularly stressful for inexperienced horses [46]. Both ears position, head position, and body tension of the horses during this training confirmed our expectation. Immediately after the training, the pieces of fleece material were retrieved, put into airtight sealed bags, marked for identification, and placed in a −20 °C freezer. In the second step, after a minimum of 20 min, the horses were cleaned with fresh straw and brushed, and new pieces of fleece material of the same dimensions, together with new saddle pads and lunging belts, were put on them. Then, they were brought to a horse training carousel, where they walked for the next 30 min, relaxing after the effort of the race. After that episode, again, the pieces of fleece material were retrieved, put into airtight sealed bags, marked for identification, and placed in a freezer. Since the horses were familiar with the training carousel, we expected that they should not experience fear during this episode. Here, too, ear position, head position, body tension, and behaviour of the horses confirmed our expectation.




2.2. Odour Rating


The odour rating occurred in a quiet, ventilated room in February 2019. The horse odour samples (defrosted pieces of fleece material) were cut into four equally sized pieces, one of which was used and assessed individually by 73 odour raters (49 women and 24 men) aged 18–35 years (mean = 21.9, standard deviation (SD) = 3.66). Each of 16 pairs of odours contained a sample collected during the fear condition and a sample collected from the same horse during the non-fear condition, placed in two separate closed glass jars of 0.5 litres. The odour rater was allowed to briefly sniff at both samples for a maximum of two inhalations and was then asked to assess which of the two jars contained the fear odour and which one contained the non-fear odour. Each response was scored as either correct or incorrect. The odour rater was also asked to assess whether the two samples of a given odour pair were equally intense or if one was more intense than the other–in the latter case, which one. After the odour rating session, each participant completed a short questionnaire concerning health state to exclude the presence of acute or chronic olfactory impairment [47] and experience he or she had had with horses. Specifically, we asked participants about their experience with horses in terms of horse riding (‘yes’–‘no’; if yes, for how long) and owning a horse.




2.3. Ethical Note


This study was approved by the Institutional Review Board of the University of Wroclaw (Protocol Number 2018/JPE0015). All procedures performed in this study involving human participants were in accordance with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from the human odour raters and from the horse trainers of all horses included in the study. All procedures performed in this study involving animals were in accordance with the ethical standards of the institution or practice at which the studies were conducted.




2.4. Data Analysis


As the raters provided 16 binary decisions, we divided the number of correct classifications by the total number of assessments, thus obtaining the accuracy score. This accuracy score can be treated as a continuous variable, because of the operationalisation, and because the underlying psychological contract in its nature is continuous, rather than categorical. That is, people recognise smell with some accuracy (continuous variable), which, in turn, translates into the probability of correct classification in each trial (categorical variable).



The accuracy score for all human raters as a group was analysed by means of a one-sample t-test against the guessing accuracy of 50%. If significant. this analysis would show that, in general, raters classify smell as fear or non-fear with accuracy above guessing. We followed up this analysis with binomial tests on an individual level, estimating the number of above-chance correct raters.



These analyses, however, inform us about who the best classifiers are, and which conditions facilitate correct smell recognition. To this end, we considered possible moderators of the accuracy of the smell classification: (1) male and female raters with regard to their number of correct responses; (2) raters with and without experience with horses. These moderators were assessed using 2 × 2 between-subject Analysis of Variance (ANOVA) with classical p-values and Bayesian statistics. Possible differences between the intensity of the samples were assessed by means of independent samples t-test. Data are presented as mean values (±standard deviation). Statistical analyses were performed using JASP v. 0.11.1 (www.jasp-stats.org, Amsterdam, The Netherlands, accessed on 1 October 2019), with p < 0.05 set as the level of significance. The effect sizes are accompanied by their 95% confidence intervals.





3. Results


Figure 1 presents the distribution of accuracy of odour sample classifications. The average accuracy was 65.7% (SD = 13.5%, range 31.3%−93.8%) and was statistically greater than chance (i.e., 50%) (t(72) = 9.91, p < 0.001, d = 1.16, 95% confidence interval (CI) (0.91–∞)). Moreover, at the individual level, 11 out of 73 subjects (4 men and 7 women) performed significantly above chance (binominal test, p < 0.05) in the odour rating task, and none performed significantly below chance. Therefore, we provide evidence that human individuals are able to correctly categorise horses’ fear vs. non-fear odours.



We then explored our dataset to search for moderators of the accuracy of the odour classification. To this end, we submitted our data to a 2 (experience with horses: yes, no) × 2 (gender of participant) between-subject ANOVA. None of the moderators affected the accuracy; all p’s > 0.375. We quantified the evidence against the effects using Bayesian statistics with default prior r = 0.5. The null model was indistinguishable from the model with the main effect of experience (B01 = 1.74), and from the model with sex (B01 = 2.78), but more supported by the evidence than a model with both of the main effects (B01 = 5.42). Therefore, we cannot reject the hypothesis that there are differences in accuracy caused by experience with horses, or by the sex of the participant.



Finally, we compared which odour (fear vs. non-fear) was perceived as more intense. We found that the fear odour was perceived as more intense in 64% of trials, and the non-fear odour in only 16.1% of trials and thus in a significantly higher proportion, (t(72) = 16.15, p < 0.001, d = 1.89, 95%CI (1.53–2.27)).




4. Discussion


The results of the present study show that humans, as a group, were able to correctly assign whether horse odour samples were collected under a fear- or a non-fear condition, respectively. Furthermore, they perceived the body odour of horses collected under the fear condition as more intense, compared with the non-fear condition.



The human sense of smell has been demonstrated to be surprisingly good when compared with that of other mammals [48,49]. Several studies have shown that humans even outperform dogs, mice, and rats with regard to their threshold sensitivity with certain odorants [50,51,52]. Human subjects have also been shown to use olfactory cues in social communication with conspecifics and are able to correctly extract emotional information from human body odours [53]. Human subjects lacking a functioning sense of smell have been reported to experience several difficulties related to the social dimension of life [54].



Recent studies have shown that humans cannot only correctly recognise chemosignals concerning, e.g., sex, age, identity, health status, and emotions of conspecifics but can also extract at least some olfactory information from the body odour of other species. Based on body odour cues alone, humans were able to correctly identify individuals of other mammals such as dogs [55] and gorillas [56]. Similarly, they were able to correctly assign individual mice to strains which only differed genetically in their major histocompatibility complex [57].



Humans and horses have cooperated in a variety of ways during the last 6000 years. Concomitantly, a variety of interspecific communication channels have evolved between humans and horses, among which the majority are based on visual [33], haptic, or vocal cues [58], but the smell of horses has also been shown to contribute to human reactions to horses. Turrell and Craig [59] showed that the odour of horses in a therapeutical context led to the decrease in cortisol level and to higher self-reported well-being in human patients. In the present study, we addressed the question of whether olfactory signals may contribute to the human recognition of horse emotions. In line with the studies showing that humans are able to use olfactory cues to recognise human emotions and can correctly interpret heterospecific odour signals, the present results indicate that olfaction might contribute to the human recognition of horse emotions. Humans appeared to correctly assign the emotional states to the horse odour samples but also perceived the body odour of horses collected under the fear condition as more intense, compared with the non-fear condition, thus displaying the basic ability to discriminate between the odour samples (based on intensity).



One plausible explanation of this result would be related to the advantage of being able to recognise emotions in other species. Emotions are considered as the causes, mediators, and consequences of our social interactions which are fundamental in our everyday lives [60]. Appropriate recognition of emotions is necessary to adapt in some specific social contexts. Investigations have shown that the major cause of horse–human accidents is unexpected fear reactions in the horse [61]. Thus, recognition of fear from horse body odour could have been useful during the history of cooperation with horses to prevent dangerous situations such as a fall from the horse or becoming injured by this animal. The current use of horses as companion or therapeutic animals may also support the ability to recognise their emotions. Being in a close relationship with an animal involves intimacy and emotional bond [62], and recognising an animal’s emotions by multiple sensory channels might be beneficial for this emotional attachment.



In the process of domestication, human beings shaped both anatomy and behaviour of animals by means of controlled breeding of individuals [63,64]. Since behaviour is related to emotions [65], conducting such a directed selection may also have favoured an increase in the understanding of emotions of domesticated animals.



The present study is not free from limitations. Firstly, the horses’ reactions in the fear condition were only validated via behavioural measures. Thus, it may be insufficient to conclude whether this condition actually generated fear and, if so, to what extent. Future research should include other options for verifying the emotional reaction of horses, such as measuring cortisol levels in horses’ blood. Secondly, the participants were not asked to openly attribute a quality to the odour samples but had to choose between limited options and closed responses—intense or not; fear or not. On the one hand, free odour naming is tiring and challenging [66], especially when participants are presented with 32 odour samples. Thus, by employing a forced recognition procedure [67], we aimed to make this task easier for the participants. On the other hand, it should be noted that this kind of odour assessment is bound to create a response bias. Thirdly, the fear condition contained a strong element of physical activity which is bound to increase sweat production. As a result, an open question remains, which is whether humans could simply distinguish between little versus much sweat and between high intensity versus low intensity or were able to recognise horses’ fear and non-fear emotions. While future research in this field should control for the level of physical activity in both conditions, it should be noted that experiencing fear per se leads to increased sweating [68]. Thus, we assume that the horses could sweat more because of increased physical activity as well as experiencing more fear. Eventually, several methodological issues should be considered. A relatively short time lag of 20 min between the fear and non-fear situations, limited possibilities of cleaning the horses between both conditions, and not randomised order of treatments are weaknesses of this study. This being said, it must be noted that the study was conducted in natural, non-laboratory conditions, and changing these aspects was not practically feasible.




5. Conclusions


To conclude, the results of the present study suggest that olfactory cues might contribute to the recognition of horse emotions by humans. An open question remains, which is whether humans could simply distinguish between little versus much sweat and between high intensity versus low intensity or were able to recognise horses’ fear and non-fear emotions. Future studies with carefully elaborated methodology should explore this issue further.







Author Contributions


Conceptualisation, A.S., M.B., K.T., R.Ś., M.D. and P.S.; data curation, A.S. and R.Ś.; formal analysis, A.S., M.D. and P.S.; funding acquisition, M.D.; investigation, A.S., M.B. and K.T.; methodology, A.S., M.B. and K.T.; project administration, R.Ś.; supervision, R.Ś. and P.S.; validation, A.S., R.Ś. and P.S.; writing—original draft preparation, A.S. and M.D. All authors have read and agreed to the published version of the manuscript.




Funding


The publication is financed within the framework of the ‘Dialogue’ programme introduced by the Minister of Science and Higher Education during 2016–2019.




Institutional Review Board Statement


This study was approved by the Institutional Review Board of the University of Wroclaw (Protocol Number 2018/JPE0015). All procedures performed in this study involving human participants were in accordance with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The datasets analysed during the current study are not publicly available due to the privacy of the participants but are available from the corresponding author on reasonable request.




Acknowledgments


The authors would like to thank Tadeusz Sabiniewicz for his help in the process of collecting the horse odour samples, and the horse racing team led by Robert Świątek, for their involvement in this project.




Conflicts of Interest


The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.




References


	



Wyatt, T.D. Pheromones and Animal Behavior: Chemical Signals and Signatures; Cambridge University Press: Cambridge, UK, 2014. [Google Scholar]

	



Zeng, C.; Spielman, A.I.; Vowels, B.R.; Leyden, J.J.; Biemann, K.; Preti, G. A human axillary odourant is carried by apolipoprotein D. Proc. Natl. Acad. Sci. USA 1996, 93, 6626–6630. [Google Scholar] [CrossRef]

	



Croy, I.; Negoias, S.; Novakova, L.; Landis, B.N.; Hummel, T. Learning about the functions of the olfactory system from people without a sense of smell. PLoS ONE 2012, 7, e33365. [Google Scholar] [CrossRef] [PubMed]

	



Havlicek, J.; Roberts, S.C. MHC-correlated mate choice in humans: A review. Psychoneuroendocrinology 2009, 34, 497–512. [Google Scholar] [CrossRef] [PubMed]

	



Lundström, J.N.; Mathe, A.; Schaal, B.; Frasnelli, J.; Nitzsche, K.; Gerber, J.; Hummel, T. Maternal status regulates cortical responses to the body odour of newborns. Front. Psychol. 2013, 4, 597. [Google Scholar] [CrossRef] [PubMed]

	



Lundström, J.N.; Jones-Gotman, M. Romantic love modulates women’s identification of men’s body odours. Horm. Behav. 2009, 55, 280–284. [Google Scholar] [CrossRef]

	



Prehn-Kristensen, A.; Wiesner, C.; Bergmann, T.O.; Wolff, S.; Jansen, O.; Mehdorn, H.M.; Ferstl, R.; Pause, B.M. Induction of empathy by the smell of anxiety. PLoS ONE 2009, 4, e5987. [Google Scholar] [CrossRef]

	



Sorokowska, A.; Sorokowski, P.; Szmajke, A. Does personality smell? Accuracy of personality assessments based on body odour. Eur. J. Pers. 2012, 26, 496–503. [Google Scholar] [CrossRef]

	



Stevenson, R.J. An initial evaluation of the functions of human olfaction. Chem. Senses 2009, 35, 3–20. [Google Scholar] [CrossRef]

	



Parma, V.; Gordon, A.R.; Cecchetto, C.; Cavazzana, A.; Lundström, J.N.; Olsson, M.J. Processing of human body odors. In Springer Handbook of Odor; Buettner, A., Ed.; Springer: New York, NY, USA, 2007; pp. 127–128. [Google Scholar]

	



Ferretti, V.; Papaleo, F. Understanding others: Emotion recognition in humans and other animals. Genes Brain Behav. 2019, 18, e12544. [Google Scholar] [CrossRef]

	



Chen, D.; Haviland-Jones, J. Human olfactory communication of emotion. Percept. Mot. Skills 2000, 91, 771–781. [Google Scholar] [CrossRef] [PubMed]

	



Brennan, P.A.; Zufall, F. Pheromonal communication in vertebrates. Nature 2006, 444, 308–315. [Google Scholar] [CrossRef] [PubMed]

	



Haberly, L.B. Parallel-distributed processing in olfactory cortex: New insights from morphological and physiological analysis of neuronal circuitry. Chem. Senses 2001, 26, 551–576. [Google Scholar] [CrossRef] [PubMed]

	



Keverne, E.B. The vomeronasal organ. Science 1999, 286, 716–720. [Google Scholar] [CrossRef] [PubMed]

	



Sullivan, R.M.; Wilson, D.A.; Ravel, N.; Mouly, A.M. Olfactory memory networks: From emotional learning to social behaviors. Front. Behav. Neurosci. 2015, 9, 36. [Google Scholar] [CrossRef] [PubMed]

	



Kla1ilova, M.; Lee, P.C. Wild western lowland gorillas signal selectively using odour. PLoS ONE 2014, 9, e99554. [Google Scholar]

	



Siniscalchi, M.; d’Ingeo, S.; Quaranta, A. The dog nose “KNOWS” fear: Asymmetric nostril use during sniffing at canine and human emotional stimuli. Behav. Brain Res. 2016, 304, 34–41. [Google Scholar] [CrossRef]

	



Krueger, K.; Flauger, B. Olfactory recognition of individual competitors by means of faeces in horse (Equus caballus). Anim. Cogn. 2011, 14, 245–257. [Google Scholar] [CrossRef]

	



Fanselow, M.S. Odors released by stressed rats produce opioid analgesia in unstressed rats. Behav. Neurosci. 1985, 99, 589–592. [Google Scholar] [CrossRef]

	



Hauser, R.; Wiergowski, M.; Kaliszan, M.; Gos, T.; Kernbach-Wighton, G.; Studniarek, M.; Jankowski, Z.; Namieśnik, J. Olfactory and tissue markers of fear in mammals including humans. Med. Hypotheses 2011, 77, 1062–1067. [Google Scholar] [CrossRef] [PubMed]

	



Carr, W.J.; Martorano, R.D.; Krames, L. Responses of mice to odours associated with stress. J. Comp. Physiol. Psychol. 1970, 71, 223–228. [Google Scholar] [CrossRef] [PubMed]

	



Archer, J. The effect of strange male odour on aggressive behavior in male mice. J. Mammal. 1968, 49, 572–575. [Google Scholar] [CrossRef] [PubMed]

	



de Groot, J.H.; Smeets, M.A.; Kaldewaij, A.; Duijndam, M.J.; Semin, G.R. Chemosignals communicate human emotions. Psychol. Sci. 2012, 23, 1417–1424. [Google Scholar] [CrossRef] [PubMed]

	



Mujica-Parodi, L.R.; Strey, H.H.; Frederick, B.; Savoy, R.; Cox, D.; Botanov, Y.; Tolkunov, D.; Rubin, D.; Weber, J. Chemosensory cues to conspecific emotional stress activate amygdala in humans. PLoS ONE 2009, 4, e6415. [Google Scholar] [CrossRef] [PubMed]

	



Prehn, A.; Ohrt, A.; Sojka, B.; Ferstl, R.; Pause, B.M. Chemosensory anxiety signals augment the startle reflex in humans. Neurosci. Lett. 2006, 394, 127–130. [Google Scholar] [CrossRef]

	



Zhou, W.; Chen, D. Fear-related chemosignals modulate recognition of fear in ambiguous facial expressions. Psychol. Sci. 2009, 20, 177–183. [Google Scholar] [CrossRef] [PubMed]

	



de Groot, J.H.; Smeets, M.A.; Rowson, M.J.; Bulsing, P.J.; Blonk, C.G.; Wilkinson, J.E.; Semin, G.R. A sniff of happiness. Psychol. Sci. 2015, 26, 684–700. [Google Scholar] [CrossRef]

	



Haviland-Jones, J.; McGuire, D.J. The scents of fear and funny. Aroma-Chol. Rev. 1999, 8, 11. [Google Scholar]

	



Ackerl, K.; Atzmueller, M.; Grammer, K. The scent of fear. Neuro. Endocrinol. Lett. 2002, 23, 79–84. [Google Scholar]

	



Chen, D.; Katdare, A.; Lucas, N. Chemosignals of fear enhance cognitive performance in humans. Chem. Senses 2006, 31, 415–423. [Google Scholar] [CrossRef]

	



Racca, A.; Guo, K.; Meints, K.; Mills, D.S. Reading faces: Differential lateral gaze bias in processing canine and human facial expressions in dogs and 4-year-old children. PLoS ONE 2012, 7, e36076. [Google Scholar] [CrossRef]

	



Roberts, M. The Man Who Listens to Horses; Random House: London, UK, 1997. [Google Scholar]

	



Clutton-Brock, J. Horse Power: A History of the Horse and the Donkey in Human Societies; Harvard University Press: Cambridge, UK, 1992. [Google Scholar]

	



Klecel, W.; Martyniuk, E. From the Eurasian steppes to the Roman circuses: A review of early development of horse breeding and management. Animals 2021, 11, 1859. [Google Scholar] [CrossRef]

	



Digard, J.P. Research in the social science of horses: Why and how. Equine Vet. J. Suppl. 1999, 28, 56–57. [Google Scholar]

	



Anderson, M.K.; Friend, T.H.; Evans, J.W.; Bushong, D.M. Behavioral assessment of horses in therapeutic riding programs. Appl. Anim. Behav. Sci. 1999, 63, 11–24. [Google Scholar] [CrossRef]

	



Brubaker, L.; Schroeder, K.; Sherwood, D.; Stroud, D.; Udell, M.A. Horse behavior towards familiar and unfamiliar humans: Implications for equine-assisted services. Animals 2021, 11, 2369. [Google Scholar] [CrossRef] [PubMed]

	



Lerch, N.; Lerch, N.; Cirulli, F.; Rochais, C.; Lesimple, C.; Guilbaud, E.; Contalbrigo, L.; Borgi, M.; Grandgeorge, M.; Hausberger, M. Interest in humans: Comparisons between riding school lesson equids and assisted-intervention equids. Animals 2021, 11, 2533. [Google Scholar] [CrossRef]

	



Calvi, E.; Quassolo, U.; Massaia, M.; Scandurra, A.; D’Aniello, B.; D’Amelio, P. The scent of emotions: A systematic review of human intra-and interspecific chemical communication of emotions. Brain Behav. 2020, 10, e01585. [Google Scholar] [CrossRef] [PubMed]

	



D’Aniello, B.; Semin, G.R.; Alterisio, A.; Aria, M.; Scandurra, A. Interspecies transmission of emotional information via chemosignals: From humans to dogs (Canis lupus familiaris). Anim. Cogn. 2018, 21, 67–78. [Google Scholar] [CrossRef]

	



D’Aniello, B.; Fierro, B.; Scandurra, A.; Pinelli, C.; Aria, M.; Semin, G.R. Sex differences in the behavioral responses of dogs exposed to human chemosignals of fear and happiness. Anim. Cogn. 2021, 24, 299–309. [Google Scholar] [CrossRef]

	



Lanata, A.; Nardelli, M.; Valenza, G.; Baragli, P.; D’Aniello, B.; Alterisio, A.; Scandurra, A.; Semin, G.R.; Scilingo, E.P. A case for the interspecies transfer of emotions: A preliminary investigation on how humans odours modify reactions of the autonomic nervous system in horses. In Proceedings of the 2018 40th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC), Honolulu, HI, USA, 18–21 July 2018; pp. 522–525. [Google Scholar]

	



Sabiniewicz, A.; Tarnowska, K.; Świątek, R.; Sorokowski, P.; Laska, M. Olfactory-based interspecific recognition of human emotions: Horses (Equus ferus caballus) can recognise fear and happiness body odour from humans (Homo sapiens). Appl. Anim. Behav. Sci. 2020, 230, 105072. [Google Scholar] [CrossRef]

	



Semin, G.R.; Scandurra, A.; Baragli, P.; Lanatà, A.; D’Aniello, B. Inter-and intra-species communication of emotion: Chemosignals as the neglected medium. Animals 2019, 9, 887. [Google Scholar] [CrossRef] [PubMed]

	



Witkowska-Piłaszewicz, O.; Grzędzicka, J.; Seń, J.; Czopowicz, M.; Żmigrodzka, M.; Winnicka, A.; Cywińska, A.; Carter, C. Stress response after race and endurance training sessions and competitions in Arabian horses. Prev. Vet. Med. 2021, 188, 105265. [Google Scholar] [CrossRef]

	



Sorokowska, A.; Hummel, T. Polish version of the Sniffin’Sticks test-adaptation and normalization. Otolaryngol. Pol. 2014, 68, 308–314. [Google Scholar] [CrossRef] [PubMed]

	



Laska, M. Human and animal olfactory capabilities compared. In Springer Handbook of Odor; Springer: New York, NY, USA, 2017; pp. 81–82. [Google Scholar]

	



McGann, J.P. Poor human olfaction is a 19th-century myth. Science 2017, 356, 7263. [Google Scholar] [CrossRef] [PubMed]

	



Güven, S.C.; Laska, M. Olfactory sensitivity and odor structure-activity relationships for aliphatic carboxylic acids in CD-1 mice. PLoS ONE 2012, 7, e34301. [Google Scholar] [CrossRef]

	



Salazar, L.T.H.; Laska, M.; Luna, E.R. Olfactory sensitivity for aliphatic esters in spider monkeys (Ateles geoffroyi). Behav. Neurosci. 2003, 117, 1142–1149. [Google Scholar] [CrossRef]

	



Sarrafchi, A.; Laska, M. Olfactory sensitivity for the mammalian blood odor component trans-4,5-epoxy-(E)-2-decenal in CD-1 mice. Perception 2017, 46, 333–342. [Google Scholar] [CrossRef]

	



de Groot, J.H.; Semin, G.R.; Smeets, M.A.M. On the communicative function of body odors: A theoretical integration and review. Perspect. Psychol. Sci. 2017, 12, 306–324. [Google Scholar] [CrossRef]

	



Croy, I.; Nordin, S.; Hummel, T. Olfactory disorders and quality of life—An updated review. Chem. Senses 2014, 39, 185–194. [Google Scholar] [CrossRef] [PubMed]

	



Wells, D.L.; Hepper, P.G. The discrimination of dog odours by humans. Perception 2000, 29, 111–115. [Google Scholar] [CrossRef]

	



Hepper, P.G.; Wells, D.L. Individually identifiable body odors are produced by the gorilla and discriminated by humans. Chem. Senses 2010, 35, 263–268. [Google Scholar] [CrossRef]

	



Gilbert, A.N.; Yamazaki, K.; Beauchamp, G.K.; Thomas, L. Olfactory discrimination of mouse strains (Mus musculus) and major histocompatibility types by humans (Homo sapiens). J. Comp. Psychol. 1986, 100, 262. [Google Scholar] [CrossRef] [PubMed]

	



Parelli, P.; Kadash, K.; Parelli, K. Natural Horse-Man-Ship; Western Horseman: Fort Worth, TX, USA, 1993. [Google Scholar]

	



Turrell, H.; Craig, R. Is there really something about the outside of a horse that’s good for the inside of a man? Exploring the factors influencing the human-horse relationship in a therapeutic context. In Proceedings of the 23rd Biennial International Conference on Human Ethology, Stirling, UK, 01-05 August 2016. [Google Scholar]

	



Vanutelli, M.E.; Venturella, I.; Angioletti, L.; Balconi, M. Mirroring the emotions of others by autonomic system: Intra-species effect in children. Neuropsychol. Trends 2017, 22, 109–119. [Google Scholar] [CrossRef]

	



Keeling, L.J. Horse-riding accidents: When the human-animal relationship goes wrong! In Proceedings of the 33rd International Congress of the International Society for Applied Ethology, Lillehammer, Norway, 17–21 August 1999. [Google Scholar]

	



Sanders, C.R. Actions speak louder than words: Close relationships between humans and nonhuman animals. Symb. Interact. 2003, 26, 405–426. [Google Scholar] [CrossRef]

	



Hemmer, H. Domestication: The Decline of Environmental Appreciation; Cambridge University Press: Cambridge, UK, 1990. [Google Scholar]

	



Marshall, F.B.; Dobney, K.; Denham, T.; Capriles, J.M. Evaluating the roles of directed breeding and gene flow in animal domestication. Proc. Natl. Acad. Sci. USA 2014, 111, 6153–6158. [Google Scholar] [CrossRef]

	



de Waal, F.B. What is an animal emotion? Ann. N. Y. Acad. Sci. 2011, 1224, 191–206. [Google Scholar] [CrossRef]

	



Cleary, A.M.; Konkel, K.E.; Nomi, J.S.; McCabe, D.P. Odor recognition without identification. Mem. Cognit. 2010, 38, 452–460. [Google Scholar] [CrossRef] [PubMed]

	



Laska, M.; Hudson, R. Ability to discriminate between related odor mixtures. Chem. Senses 1992, 17, 403–415. [Google Scholar] [CrossRef]

	



de Groot, J.H.; Kirk, P.A.; Gottfried, J.A. Encoding fear intensity in human sweat. Philos. Trans. R. Soc. B 2020, 375, 20190271. [Google Scholar] [CrossRef] [PubMed]








[image: Animals 11 03499 g001 550] 





Figure 1. Distribution of the accuracy of odour recognition. 
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