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Sheep are exposed to numerous stressors and environments during the pre-export phase of the live export industry. Establishing how animal behavior, health and demeanor reflect their experiences prior to sea transport is the first step toward testing the suitability and practicality of animal welfare measures. A total of 240 merino wethers originating from four farms were assessed at four locations in the live export chain: on farm, upon arrival to the registered export feedlot (Fe1), prior to departing the feedlot (Fe2) and 30 min post loading onto a live export vessel. Each of these locations and time points represent relevant assessment points as part of the commercial live export process. Pen-side behavioral and health measures were collected. Video footage was collected and edited to provide 48 30–45 s duration clips that were then scored by 12 assessors against 10 demeanor terms using a Qualitative Behavioral Assessment (QBA) methodology; data were analyzed using Principal Components (PC) analysis. Repeated Measures ANOVAs tested for variation in each dependent measure across each location and time point. There were low levels of health issues recorded overall; however, seven health and behavior measures significantly varied across the locations and time points. Most vocalizing was recorded on farm; most drinking, eating and resting behaviors were recorded at Fe1 and ruminating at Fe2; while the highest percentage of wethers with ocular discharge and lameness was on the vessel. For QBA, PC1 explained 30.5% of the variability, with agitated and nervous loaded to one end of the axis and calm and relaxed loaded to the opposing end. PC2 explained 24.5% of the variability, with interested, alert and sociable loaded to one end of the axis and lethargic loaded to the opposing end. Spearman's rank correlations between behavior, health and PC scores indicated that wethers eating, ruminating and resting were scored as more calm/relaxed, while those scored as more agitated/nervous or/ lethargic were also likely to vocalize. Determining how wethers respond to the different environments in the immediate pre-export phase of the journey informs on their welfare and the practicality of using a behavior tool to assess animal welfare.
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INTRODUCTION

Agriculture and the export of farm produce are essential to the sustainability of the Australian economy, with over 2.6 million livestock animals exported annually (MLA, 2019). However, the live export industry does not have universal support from the Australian public due to perceived risks to the well-being and health of livestock (Keniry et al., 2003; Doughty et al., 2017). The political debate around the live export industry commenced in the 1980's as incidents of poor animal welfare were reported (Stinson, 2008), and has escalated more recently as Australian media have exposed footage of conditions on voyages and in destination ports (Sinclair et al., 2018). The public requires clear and unbiased information regarding live export (Fleming et al., 2020), but the fear of negative reporting by the media has contributed to a lack of industry transparency. Developing methods of animal welfare assessment and reporting may lead to improved accountability and industry acceptance.

The sustainability of the live export industry requires a feasible method to track animal welfare throughout the supply chain. Under current regulations, Daily and End of Voyage reports are required by Australian Government, which focus on mortality and morbidity (DAFF, DoAFaF, 2011; Craig, 2013; DAWR, AGDoAaWR, 2017). However, this reporting does not capture concerns regarding animal handling, stress and disease in livestock across the chain. It also does not allow for communication between the place of animal origin and country of destination, as there is little interest in sharing reports that detail medical treatment of animals and poor welfare states (Craig, 2013; Hastreiter, 2013). Further constraints for assessing animal well-being throughout the supply chain include restricted timeframes during which livestock are assembled, reduced movement and visibility of livestock, and differences in handling and husbandry procedures and facilities that occur across supply chain sectors (Fleming et al., 2020). Finally, as livestock pass through the complex live export supply chain, they are exposed to a range of stressors associated with exposure to different environments and husbandry practices (Phillips and Santurtun, 2013; Collins et al., 2018a; Aguilar et al., 2019). Therefore, developing welfare measures that are indicative of stress responses, including behavior and affective state, under a range of environmental conditions, are required (Dunston-Clarke et al., 2020; Fleming et al., 2020).

Assessing morbidity, mortality and environmental factors alone cannot describe any source of ill-health and there is increasing recognition that animal-based assessments (rather than environment- and resource-based indicators) are the most informative and relevant in capturing the animal's experience of its environment (Phillips and Santurtun, 2013; Dunston-Clarke et al., 2020; Fleming et al., 2020). Previous research on animal welfare in live export has addressed husbandry, handling, health, nutrition, infrastructure and transportation (Botreau et al., 2007; Velarde and Dalmau, 2012; Phillips, 2016); however, there has been little work addressing animal behavior through welfare assessments of livestock during the export process. For a welfare tool to be feasible, it must be able to overcome the practical constraints of data collection encountered across the live export supply chain, while being capable of describing both positive and negative welfare states. Behavioral measures can be versatile, reasonably efficient to perform without onerous technological requirements and, most importantly, are directly informative about the animal's experience (Dunston-Clarke et al., 2020; Fleming et al., 2020). Behavioral indicators of animal welfare can, therefore, be informative for many steps in the live export industry.

For welfare assessments to be all encompassing, consideration of an animal's physical and mental state needs to occur. As detailed in the Five Domains Model, a framework for evaluating the welfare of animals, an animal will express negative or positive emotional responses in relation to nutrition, environment, health and behavioral factors, informing on their welfare state at that point in time in a particular situation (Mellor, 2016). Importantly, the Five Domains framework explores the mental state of animals and acknowledges that an animal's accompanying emotional or subjective experience may also affect welfare. This framework has been adopted as a tool for assessing the impacts of procedures or management interventions in animals' lives. One research methodology that fits within the Five Domains Model has been proposed to capture animal emotion by describing animal body language is Qualitative Behavioral Assessment (QBA) (Wemelsfelder, 1997; Wemelsfelder et al., 2001; Fleming et al., 2016). QBA has been used as a measure of the behavioral expression (reflecting the demeanor) of animals and has contributed to animal welfare assessment throughout several production systems; for example, allowing analyses of physical and psychological stress during transport (Stockman et al., 2011, 2013; Wickham et al., 2012, 2015; Messori et al., 2015; Collins et al., 2018b), handling and effect of temperament (Stockman et al., 2011), socialization (Czycholl et al., 2015), and behavior at slaughter (Velarde and Dalmau, 2012; Dalmau et al., 2016). QBA captures animal responses, and therefore observers can potentially detect variation in welfare states through subtle changes in the animal's behavior (Fleming et al., 2016); this can be achieved by the observers using a list of terms provided or by allowing them to generate their own terms (Wemelsfelder, 1997; Wemelsfelder et al., 2001; Fleming et al., 2016). Versions of this approach have consequently been incorporated into the EU's Welfare Quality scheme and Animal Welfare Indicators project (AWIN) (Blokhuis, 2007, 2008; Battini et al., 2015, 2017).

Using a novel digital welfare recording tool, we tested the feasibility of pen-side behavioral and health measures and recorded video footage for assessment by QBA to assess sheep demeanor across the initial stages of live export: on farm, upon entry into, and after 5 days confinement in a pre-export feedlot, and on the live export vessel in the port of embarkation. We recorded real-time direct pen assessments of sheep health and behavior taken by one observer. We then compared these observations to the QBA scores derived from videos of the same sheep. Our aim was to determine whether the pen-side assessment or QBA-video methods were sufficiently sensitive to detect differences in the behavior and demeanor of sheep at the four pre-embarkation stages under a commercial consignment.



METHODS

This study was approved by the Murdoch University Animal Ethics Committee (R2938/17) and Human Ethics Committee (2008/021). Merino wethers (n = 240) were followed from four farms in southwest Western Australia. All wethers were shorn prior to commencement of this study as this is a regulatory requirement (wool or hair must be no longer than 25 mm in length), and was done in accordance with the Australian Standards for the Export of Livestock (ASEL) version 2.3 (DAWR, AGDoAaWR, 2011).

At each farm, wethers were yarded within 6 h of the researcher arriving, with similar management and handling, and generally similar conditions (only one farm had covered holding yards). For each farm, we identified three groups of animals (total 12 focal groups) by selecting the first 60 wethers that passed through the race and systematically allocating a wether to one of three focal groups and marked them using colored stock marker (i.e., 20 wethers in each group). Direct observations and videos were collected 5–10 min after wethers were moved into yards, with video footage (using a Panasonic HC-V520M camera placed on a tripod and moved around the pen perimeter 2–3 times to capture numerous 2 min-duration clips of the wethers) collected over a 20 min period, with the lens adjusted to maintain a consistent field of view.

Wethers were then transported between 110 and 240 km by road from farms to the commercial feedlot where focal wethers were penned, adjacent to other export sheep. Wethers were housed in elevated (mesh flooring), covered sheds (roof and ½ of shed sides) that contain four 10 × 25 m pens that had ad libitum automated feed and water systems, which comply with ASEL regulation requirements (DAWR, AGDoAaWR, 2011). At the feedlot, observations and 20 min-duration video footage (same method as on-farm) was collected 5–10 min after being penned on day 1 (Fe1) and on day 5 (Fe2), prior to being passed through the race and re-spray marked. All wethers were then transported by road to the port (2 h drive) loaded and moved into two adjacent pens on the export vessel. Direct observations were collected 30 min after sheep were penned and cameras were set up and left to record for 30 min on the vessel in the absence of the researcher. At the time of direct observations, video footage of the sheep was collected at each location.


Direct Observation

A digital dashboard (using a small laptop for assessments) was developed using Microsoft Access (Microsoft, 2015) comprised of 20 behavior and health measures, detailed in Table 1, including those currently used in the live export industry and additional welfare indicators that have been identified as potentially useful for animals undergoing sea transport (Fleming et al., 2020). Direct observations were conducted by a single observer (author UMCA), located 3–5 m from the wethers, standing stationary and silently at, or just within the pen boundary, depending on facility layout. Observations were collected on focal sheep only, with measures collected 5–10 min after sheep were handled on each farm and at Fe1 and Fe2, while measures were collected 30 min after sheep were penned on the export vessel. All real-time assessments of wethers behavior and health were recorded as a group, either the percentage of animals exhibiting the clinical sign, or the predominant behavior.


Table 1. Ethogram of health (Jubb and Perkins, 2015) and behavior and the method of collection.
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Qualitative Behavioral Assessment

Video clips were selected using the criteria that heads of three target wethers from each group were clearly visible for a minimum of 1 min. The footage was cut using Final Cut Pro X (Apple, Version 10.2) into 48 clips [4 focal groups of sheep × 4 location/time point (farm, Fe1, Fe2, and vessel × 3 repeats)] with a duration of 30–45 s each. Each video was assigned a code which was entered in Excel to produce a randomized order for the videos before they were placed into PowerPoint to show assessors during the scoring sessions. Video editing included masking the background so locations remained unidentified, use of arrows to focus observer's attention on target wethers in the clip within the same field of view, and included a blank scoring screen of 30 s after each clip to allow time for the assessors to score wether demeanor against a fixed list of 10 descriptive terms generated from previous QBA studies conducted on livestock (Grosso et al., 2016; Minero et al., 2016).

Assessors were recruited through flyers distributed around Murdoch University campus, with 12 people attending and completing all video scoring. Information on the assessors, including their demographics and background experience with animals, was captured by survey prior to undergoing a short training session on how to assess the video footage. During this training session, the observers discussed the application of the descriptive terms using some test footage, which included numerous videos of sheep expressing a range of behavioral demeanours. At subsequent quantification sessions, observers were asked to score each video against the fixed list of terms using Microsoft Excel on a Visual Analog Score (VAS) that represented numerical figures 0–100, where 0 represented absence of, and 100 represented a predominant expression of that behavioral demeanor.



Statistical Analyses

Statistical analyses were carried out using Statistica Academic Version 13 (TIBCO® Data Science, 2018). Health and behavioral data collected via direct observations were not normally distributed and were, therefore, square root transformed prior to analysis using repeated measures analysis of variance (RM-ANOVA) to test for variation between location/time points (farm, Fe1, Fe2, and vessel). The measures “unable to stand” and “ill-thrifty” were not observed at any location and therefore omitted from analysis. QBA scores from the 12 assessors was tested using Principal Components (PC) analysis to identify common scoring patterns across the video clips. The strongest PC dimensions were described by identifying the terms that were most strongly correlated with each dimension (>75% of the highest absolute correlation coefficient value; Mardia et al., 1979). A total of 576 scores per PC dimension were generated and tested via RM-ANOVA for variation between time points. The relationship between the direct health and behavior measures (percentage of occurrence per pen, per location) and QBA assessments (PC dimensions) was carried out using Spearman's Rank Order correlation.




RESULTS


Real-Time Observation

Of the 20 health and behavior measures recorded (Table 1), only seven varied between location/time points. Significantly more wethers vocalized on-farm compared to all other locations (F3,33 = 8.23, p < 0.001, Figure 1A). Wethers were scored to be resting least on-farm compared with other locations and more at Fe2 compared to on vessel (F3,33 = 5.40, p = 0.004, Figure 1B). Significantly more wethers were scored as eating in the feedlot compared with on-farm and vessel (F3,33 = 7.66, p = 0.001, Figure 1C). More drinking was observed at Fe1 compared to all other locations (F3,33 = 16.91, p < 0.001, Figure 1D), while wethers were scored to ruminate more at Fe2 and on vessel compared to Fe1 and on-farm (F3,33 = 9.56, p < 0.001, Figure 1E). Significantly more wethers with ocular discharge (F3, 33 = 3.28, p = 0.033) and lameness (F3,33 = 2.91, p = 0.049) were observed on the vessel (Figures 1F,G).
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FIGURE 1. Average percentage (±std error) of animals scored for (A) ocular discharge, (B) lame, (C) vocalizing, (D) eating, (E) drinking, (F) ruminating, (G) resting across the four locations as part of the live export supply chain (n = 48 per location/timepoint). Note: letters link locations that were not significantly different to each other through square root Repeated Measures ANOVA analysis (p < 0.05).




Qualitative Behavioral Assessment

The 12 assessors (nine females and three males) had varying experience with sheep. Nine were Australian (one usually resided in South Africa), one Canadian, one Chinese and one Singaporean. Six of the assessors were undergraduate students, two were postgraduate students, and other occupations listed were one investor, one lawyer, one photographer, and one veterinary epidemiologist. Eleven of the assessors lived in urban areas and one on a rural property; however, five assessors had lived on a rural property in the past, while one had never visited a farm that rears animals.

PC analysis indicated two dimensions that explained 30.5% (PC1) and 24.5% (PC2) of the variation in the observer scoring patterns against the 10 descriptive terms (Table 2). Each dimension described significant differences across the four location/time points. For PC1, wethers with low scores were scored as more calm/relaxed, while higher scores indicated that wethers were scored to be more agitated/nervous. Significantly higher scores for PC1 were recorded on-farm than the other three time points (Figure 2A, p < 0.001).


Table 2. Loadings, eigenvalues, total variance, and repeated measures ANOVA of PCA.
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FIGURE 2. Means (± std error) of assessor scores for (A) PC1 and (B) PC2 across the four locations (n = 144 per location/timepoint). Note: letters link location that were not significantly different to each other (p < 0.05).


For PC2, sheep that had low scores were more likely to be lethargic, while high scores indicated they were more interested/alert/sociable. Significantly higher scores were recorded for wethers in the feedlot (Fe1 and Fe2; Figure 2B, p < 0.001), indicating that wethers were described as more interested/alert/sociable in the feedlot at both time points.



Relationship Between PC Factors and Real-Time Observations

There was a positive correlation between PC1 and five health measures, with wethers more likely to be scored as more agitated/nervous when they were also recorded to be belching, coughing, vocalizing, salivating and drooling (Table 3). Wethers scored as more calm/relaxed also scored higher for ocular lesions, gut fill, eating, ruminating and resting. For PC2, wethers were more often recorded vocalizing when also scored as lethargic.


Table 3. Spearman's rank correlation results between PC factors for PC1 and PC2 and real-time measures, with significant results (p < 0.05) bolded.
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DISCUSSION

This study provided a novel assessment of sheep behavior and demeanor across four locations and time points in a live export supply chain, from farm to embarking a vessel in Australia. Pen-side data and video footage collected on farm, at the feedlot and after loading onto the export vessel allowed scoring of the perceived behavior and emotive state of sheep as they move through the supply chain. The changes in behavior detected with our simple assessment method appear to be relevant to the welfare of the animals, and therefore, hold promise for future animal welfare assessment protocols.

The first dimension (PC1) in our study described the animal's “valence” (agitated/nervous vs. calm/relaxed) which may reflect the wether's emotive responses to human handling. PC2 described “arousal” (interested/alert/sociable vs. lethargic) and may reflect their emotive responses to their environment, including access to resources. The association of demeanor to the first and arousal to the second dimension has also been reported by Collins et al. (2018b) in sheep during land transport. The variations in behavioral responses across location/time points provide insight into how the sheep respond to each location or context and reflects the animals' restricted ability to express activity under the tested environments.

It is well-documented that the stress of mustering, exposure to a novel environment (yards), changes in social grouping (Norris et al., 1989) and increased human handling, can cause increases in stress (Baldock and Sibly, 1990; Hargreaves and Hutson, 1990a,b,c). The novelty of the on-farm yards and close human presence experienced by extensively raised sheep around mustering and holding in preparation for transport would have resulted in the behavioral responses that we captured as wethers being more agitated/nervous in demeanor, responses which have been observed during land transport previously (Wickham et al., 2012; Collins et al., 2018b).

Once animals left the farms of their origin, sheep are exposed to novel environments in the export supply chain, including drafting and social mixing, novel handling methods (electric prodders and dogs), shearing, land transportation followed by loading and drafting at the port, the sea-voyage, and the arrival in a foreign country for their destination of slaughter or breeding (Keniry et al., 2003; Phillips, 2005; Farmer, 2011). Livestock with larger flight zones are characterized as being more aggressive (Cooke and Kunkle, 2014), are more prone to self-harm and can cause injury to humans (Grandin, 1983, 2007), have compromised immune and digestive function (Grandin, 1998), and have lower productivity. Repeated exposure generally contribute to sheep having reduced flight responses toward human observers in pen and grass paddock environments (González-Pech et al., 2018). It is important, therefore, to evaluate the human-animal relationship throughout the live export supply chain. The observation that wethers became more calm/relaxed and increased feeding as they were moved through the supply chain suggests that with increased exposure, they adapted to handling and novel environments. While it is impossible to prevent sheep from being exposed to all stressors, such evidence of adapting to stressors is important for animal welfare within these early sectors of the supply chain.

The second PC dimension described “arousal” (interested/alert/sociable vs. lethargic), which describes high to low energy expression (Cooper and Wemelsfelder, 2020), and may explain the influence of access to resources on sheep demeanor, and potentially, choice or motivation. Wethers were described as more interested/alert/sociable at the feedlot than on the farm and vessel. The feedlot environment provided sheep with opportunities not possible on the farm and vessel, including access to feed and water and a large pen with many conspecifics. Access to feed and water was ad lib at the feedlot, and as eating is stimulating or rewarding, with an influence on animal demeanor (Stockman et al., 2011, 2012; Wickham et al., 2012), animals that were eating or drinking were therefore more engaged with their surrounding environment. Animals feeding would also participate in exploration and foraging behaviors, evoking expectancy and excited engagement, diversion and enjoyment (Mellor, 2012).

Sheep were also more able to escape the researcher's immediate presence in the feedlot. Sheep have two principle responses toward humans; active responses that are associated with movement and vocalizations, or a passive response that includes frozen body posture and vigilance (Cramer et al., 2020). Flight distances and fear expression in sheep can therefore be influenced by pen design and space allowance (Napolitano et al., 2011), with method of approaching the pen, flock size and environmental noise all being factors that can influence animal responses (Cramer et al., 2020). While at all locations, the researcher was positioned at least 5 m away from the sheep and recordings conducted 5–10 min after the observer approached the sheep, the smaller pen sizes and higher stocking densities on the farm and vessel would limit the sheep's escape responses toward the immediate presence of the researcher, and similarly, the presence of deck crew on the vessel. Therefore, sheep filmed at the feedlot were those positioned closer to the researcher that were more likely to be interested, or positively engaging with their surrounding environment.

On the vessel, wethers were more interested/alert/sociable; despite this location lacking food and water provisions during the time of filming. This indicates some sheep were still engaging and exploring their new environment at the time of filming. This emphasizes how the affective state of sheep was influenced by the presence or absence of certain factors, such as food. This links to the point made by the Five Domains model, that physical factors influence the affective state of an animal, and therefore, their welfare (Mellor, 2016). How the demeanor of sheep on the export vessel would change given more time to settle or once provided with food and water would be interesting to determine. Further assessments of sheep during sea transport is recommended to fully understand how the sheep adapt to the vessel environment.

We tested the validity and feasibility of the behavior scoring tools through correlations between pen-side measures and QBA PC dimensions scores, as well as comparing the data between location/time points. We found that wethers were described as more calm/relaxed were also significantly more likely to be eating, ruminating, resting and have a larger gut fill. These associations are important as they inform on what animal behaviors and activities are occurring to achieve this demeanor state. We also found an association between behavior and health measures on PC2, indicating that demeanor could be an important tool informing animal managers about the health status of livestock, especially if such correlations are detectable during early stages of ill health or subclinical disease. Previously, Brscic et al. (2009) found that, despite a lack of correlations between QBA and clinical health measures for their study, QBA was sensitive to factors which the clinical measures were not. There is the potential for further research to identify subtle variations in animal demeanor which could be indicative of poor health. These subtilties could allow industry to act via risk mitigation to prevent poor health outbreaks. As variations in behavioral activities individually do not greatly inform on the animal experience, layering of demeanor with activity shows the importance of applying both of these measures. This emphasizes the importance and use of behavioral measures to quantify the animal experience and their need for inclusion within a welfare assessment protocol to be used for monitoring.


Future Studies

The environmental conditions in a commercial live export setting (dust, heat, humidity, noise, smells and fatigue) are often challenging for pen-side data collection, and therefore the use of videos for welfare assessments can be particularly valuable as an alternative approach. Observers in this study were not influenced by such contextual challenges and were able to concentrate purely on the subtleties of animal behavior exhibited. Due to assessor consensus, this study indicates that remote assessments of footage could be valuable to the industry and public to facilitate a way of auditing sheep voyages in a transparent and repeatable way.

The development of feasible assessment protocols that are species-specific and are applicable across all stages of the live export supply chain are required for transparent regulation of the industry. This will allow for high standards of animal welfare, quality control, mitigation of risk areas, and stakeholder assurance. To gain a full picture of the welfare state of animals and how they deal with novel environments throughout the live export supply chain, regulations must include tools that evaluate animal affective states. Until a robust measure of pen-side demeanor is found, there is potential for QBA to be used by industry as an assessment tool, retrospectively. As it addresses animal affective state, QBA connects observers with animals as the “emotional needs” of the animal are recognized, and the language used can resonate with producers and consumers (Cooper and Wemelsfelder, 2020). The application of measures, beyond those of animal health, will assist in providing a more holistic approach to assessing welfare, which could lead to welfare improvements and greater transparency with the Australian public. Such efforts are required by industry to work toward ensuring the sustainability of the live export industry.

A major challenge in the uptake of a welfare assessment protocol is to create a feasible data capture system that is flexible and, therefore, able to overcome the complexities of the live export supply chain. Continued advances in technology will allow industry to create feasible (in terms of cost and ease of use) methods for the digital capture of welfare data, as demonstrated by the AWIN Smartphone application called “WelGoat.” This digital toolbox allows for the assessment of lameness in dairy goats in order to understand welfare states and benchmark the industry (Can et al., 2017). As stock handlers in the live export chain have limited time and capacity to carry numerous data sheets, which can be easily lost or damaged, using a digital system reduces personnel time needed and simplifies the collection of welfare data. For our study, developing a digital collection system was a critical first step toward using standardized benchmarking methodology to collect data, while providing a system that is flexible and reliable across each location/time point. This digital collection system was robust to environmental conditions over the early stages of the live export supply chain, and has since evolved (Willis et al., 2021) toward an integrated system called LIVEXCollect (LiveCorp, 2021).




CONCLUSION

This study describes the development of a tool to assess behavior and welfare of sheep at various stages of the live export supply chain, prior to the vessel sailing. Seven health and behavioral measures significantly varied across the four locations, and some behavioral activities were correlated with demeanor scores. This is the initial step toward developing a reporting platform that allows for sheep behavior and welfare to be collected consistently allowing comparison between different settings. Achieving this is necessary to ensure reliable animal welfare monitoring and industry transparency.
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