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Abstract

Using a survey, we aimed to investigate Mexicangparter knowledge towards pre-slaughter
logistic chain and occupational risks and secontlyguantify how transport can affect sheep
welfare. We used univariate and multivariate siaishased on cluster analysis. According to a
cluster analysis, the incidence of risks variedhwilhe association between transport, pre-
slaughter logistic operations and journey distar@@ester 1 included long distance journeys
(LDJ), cluster 2 medium distance journeys (MDJ) alter 3 short distance journeys (SDJ). In
MDJ the collection points were quite varied compai@ the LDJ and SDJ groups, which were
always in the north or central regions, respegfiv€éhe LDJ group used pot-belly trailers or 10
ton (t) to 16 t lorries, the MDJ group preferabbed 10 t to 16 t lorries and group SDJ used 3.5
lorries or pick-ups. Most of the accidents wereuged in SDJ, which also included transporters
who smoked most and drank coffee as a counterme&susleepiness. The MDJ group loaded
more animals at the farm, while the other two gsowmpostly collected animals at assembly
centres or auction markets. Results suggest treteexce of three types of journey distances,
most of the road accidents were grouped in lontpdce journeys. It is critical for everyone
engaged in welfare promotion along the pre-slaugldgistic chain to recognize the links
between human well-being, animal welfare, and therenment, and to know that the way

sheep are transported can have broader One-Watiplieations.
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1. Introduction

In recent years, the interest in health and safetite workplace has increased (Cecchini et al.,
2018). Animal production represents a high-riskupation, responsible for several thousand
worker injuries and fatalities worldwide per yeann and Poots, 2015). The main occupational
hazards which can have an impact on transportéesysare relatively well known, including;
interaction with animals, driving, sleeplessnessl grhysical effort. In this context, a
multidisciplinary approach is essential to underdtéhe complex relationships between people
and animals during livestock transport. One-Welf@gren integrative concept that asks us to
confront the most contentious and important quastiof ethics, science, production, health,
economics, and politics (Colonius and Earley, 201Bhis concept also recognises the
interconnections between human wellbeing, animdfaneeand environment balance (Pinillos et
al., 2016), although it does not directly refeithe well-being of stock-people, transporters and
operators. In this article we make an extensiaeadefinition of One Welfare as standards that
promote the welfare of farm animals, prevent ooy occupational hazards that may affect
livestock workers (farmers, stock-people, tranggsrtand abattoir operators), promote
sustainability in animal production and generateirgegrative vision of the human-animal

relationship (Miranda-de La Lama, 2018).

Transportation is generally regarded as an exasgtiostressful period in the life of an animal,
and there is an increasing public interest in amatern for the welfare of transported livestock
(Padalino et al., 2015). During transport, aninas exposed to a range of potential stressors
such as handling and human contact, loading analgkai different or unfamiliar environments,
food and water deprivation, alterations in weatl®nditions, noise and environmental
pollutants, and also changes in social structureutih separation, mixing and crowding
(Miranda-de la Lama et al.,, 2014). Sheep produci®rone of the fastest growing food-
producing sectors in Mexico. This is mostly motadiby a higher demand for lamb meat in the
central states of Mexico, where they consume #wdittonal sheep dishes. Additionally, in recent
years, the number of sheep abattoirs has decreaskdecome more centralized, increasing

transport times. As a result, the pre-slaughteistagchain for sheep production in Mexico is
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now longer and possibly more detrimental for tramsgys and animals, including breeding

farms, feedlots, collecting points, markets andtaba (Miranda-de la Lama et al., 2018).

Much has been learned about stress during transpottless attention has been paid to
identifying and correcting risk factors from theiqgoof view of interactions between transporters
and animals, partly because they vary widely battionally and internationally (Marahrens et
al., 2011). Consequently, animal welfare duringh¢port can depend on the attitudes and
training of handlers and transporters and on tteelahility of appropriate facilities (Burnard et
al., 2015). Notwithstanding the fact that livestadtvers play an essential role in protecting
animal welfare throughout the pre-slaughter logistiain, and can be held legally responsible,
there is limited information about this group darisporters in the scientific literature (Miranda-
de La Lama et al., 2010). Studies on risk perceptb transporters are often referred to as
specific risk factors as traumatic accidents, Imat tisk perception plays an important role in
preventing every kind of accident, occupationakdge and the welfare of transported animals.
Little is known of the occupational exposures, rigktors and their associated adverse health
outcomes among sheep transporters, particularty #mergent countries. Therefore, we aimed
to investigate Mexican transporter knowledge reiggrdransport and pre-slaughter logistic
operations, and secondly, to quantify how journestatice affects occupational risks of

transporters and animal welfare.

2. Material and methods

The survey was carried out in the municipalityGzpulhuac(19°12N 99°28W; 2700 m.a.s.l.)

in the State of Mexico (central plateau of MexicGhe survey period was from May to
September 2016. The first article in this serieglgtthe transporters perceptions and attitudes
towards animal welfare and their influence in ltigss practices in sheep transport (see Pulido et
al., 2018), and this article integrates the know&df transporters about Mexican pre-slaughter
logistic chain and occupational risks and its intpac sheep welfare. In Mexico, sheep are
slaughtered, and meat is processed in the cem&alda the country, mostly because of the high
demand in Hidalgo and Mexico City where sheep neabnsumed as a traditional dish called
“barbacoa”. The Capulhuac municipality is the largest sheep producer witlpragimately

400,000 head slaughtered per year, 600 small-stalghterhouses, 300 sheep meat retailers



94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

and 115 professional transporters. There are sggtialized abattoirs, while 60% of the animals
are slaughtered in small abattoirs and even at koWe obtained written informed consent from
every transporter participant in the survey, ahefadthem were informed that they could quit at
any time, without explanation. The questionnaires\@aonymous, and all information obtained

in the study was kept confidential and used onhofar study.

2.1. Study Description and Questionnaire

Fifty-seven male transporters (53% of the natiasgisus of professional sheep transporters)
aged between 18 and 62 years old were recruit@dighrthe Sheep Dealers and Transporters
Association of Capulhuac (State of Mexico). No women were found working siseep
transporters. Only transporters with at least orer wf experience driving livestock trucks were
chosen. The transporters had participated in cthelies related to the same sector due to their
willingness to provide information and the crediyilof their testimonials. To minimize
selection biases, we ensured that the participansporters were blind to the main objectives of
the study. The interested transporters were infdrthat “participation was voluntary, that the
information collected was confidential, and if thdigd not participate or wanted to desist during
the interview, their future employment condition®uld not be affected”. Participation was
anonymous and there were no financial incentivélsreSpondents had permits to drive heavy
lorries and were working as professional transperteansporting sheep. The interviews were
conducted individually at the assembly centresssifecation centres or transporter offices (with

a work context) and took 30 minutes to complete.

To validate the questionnaire, ten preliminary sys/were carried out in May 2016 using draft
guestions with the participation of 10 sheep trangps (who were excluded from subsequent
analyses). Using those results we designed thédumstionnaire, which was divided into three
sections. The first section was related to sociatgaphics such as age, education, driving
experience, vehicle type and work status (owne&mngployee). The second section was related to
operational risks, including personal health, oetigmal risks on the road and accidents. The
final section dealt with operational and logistiagtices during transport, transporters were
guestioned about most common routes or journeygrangport procedures. This allowed us to

obtain numerical data on loading capacity, jourdestance, transport time, loading/unloading
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time, transportation cost per sheep, weight losszgmntage of animals injured and mortality. In
the same section, the participants were asked dbgistic issues such as the farms or collecting
points of origin (north, northwest-centre, centrel asoutheast of the Mexican Republic), and
animal handling during loading and unloading. Hinalespondents were asked two questions:
“Do you think that stress during animal productiand transport could affect meat qualitghd

“What parts of the pre-slaughter logistics mostgaaize the welfare of sheep in Mexico?”

2.2. Specifications of the Model

We used univariate and multivariate statistics base cluster analysis. All statistical analyses
were carried out using the software Package SP8joh 21.0. Descriptive statistics included
percentages and means. Prior to that, univarisaéyses were carried out on all the variables
included in the study to observe their individughbviour and to detect outliers. A cluster
analysis was carried out in order to typify the graphical origins of the journeys in accordance
with transporters knowledge regarding transport @nelslaughter logistic operations. The
conglomeration method was the two-step method duthé nature of the data (categorical
variables). Unlike hierarchical and non-hierarchiceethods, this method was used in order to
take maximum advantage of the benefits offereddifs methods (Morris et al., 2017). The two-
step method has been used previously to examimeahtriansport and farm external biosecurity
(Bottoms et al., 2013). The distance measuremestt@maximum likelihood, calculated using
the variables relating to four possible geograghaagins of the journeys (north, northwest-
central, central and south-central), and the numbé&rconglomerates was identified
automatically. The log-likelihood distance measwes applied for clustering and the Schwarz's
Bayesian Criterion (BIC) was to select the optimaimber of clusters. Having defined the
clusters, they were then characterized based an dhentation towards vehicle type, sheep
collection method, production system at origin, aoencial category of the animals (lambs,
sheep’s and goats), route matters (stop at aniestthcheckpoints, number of toll booths of the
route, journey distance, journey time, transposgte@er animal per journey, number of animals
per journey), occupational hazards, animal losadilty and unloading schedules, and animal
handling procedures. In order to identify the Vialea that discriminated between clusters, the
contingency tables were employed with their respecChi-square tests and Kruskal-Wallis

tests to compare ranges of independent samplesl{®ep et al., 2010).
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3. Results

The characteristics of the sample are present@alite 1. The mean age of respondents was 40
years old (SD= 10.7), while the mean driving exgece was 7.7 (£3) years. Most transporters
(80.8%) had at least a junior high-school educatidme great majority (72%) were taught to
drive sheep vehicles by a relative, while 28% ledrhy being an assistant to a transporter. Most
of the transporters interviewed owned 10 ton (6d lorries with two to three axles (40%), pot-
bellies (28%), 3 t lorries (15.8%) or pick-ups (4% \bout 65% were owners and 35%
employees. The transported animals come from difteplaces in northern Mexico, via long
journeys of more than 8 hours (from state€bfhuahua, San Luis Potosi, Zacatecas, Coahuila
and Durangg, from northwest-central Mexico (4 to 8 hour joeys from states of
Aguascalientes, Jalisco, Queretarand Guanajuaty and central Mexico (less than 4 hour
journeys from states df¥lexico, Morelosand Michoacar) and southeast Mexico with medium

journeys (4 to 8 h journeys from statesaferreroandOaxacy.

3.1. Univariate Analysis

Regarding the participation of transporters in thensport process, 70% bought animals,
loaded/unloaded and drove, 13.9 % only drove aaddd/unloaded, 11.1% bought animals and
drove and 5 % only drove. Only 13.3% of carrieggoréed having some form of chronic disease.
The most common health complications were diab@@%o), chronic back pain (37.5%), and

high cholesterol (12.5%). Regarding occupatiorsdgion the road, the most important problems
were assault while on the road (49.4%), road aotsd@3%), and kidnappings (7.6%). All the

accidents only involved the livestock vehicle andb0% of the cases the vehicle was empty (no
animal mortality). In approximately 56% of the atmmts the vehicle overturned, 40% were
collisions and 4% mechanical failures. In most @eots involving animals, 63.6% were re-

transported to the destination, while 36.4% werandbned (alive, injured or dead) on the

motorway. Most accidents (68%) occurred at nig@e43luring the day).

Regarding logistics, all together the transporteterviewed transported approximately 40,000
sheep per month, making up 70% of all the animiasghtered per month in Capulhuac. The

average transport distance of loaded vehicles Wds68 + 309.7 km (maximum 1,300 km).
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Loading time took about 2.2 h on average and jorgasted 12 £ 6 h (maximum 24 h). Some
journeys included goats (7%) since Mexican sheemdes traditionally keep some goats with
their sheep. Animals were always loaded in groups the average loading time was 2.20 h
(x2.0), with widespread use of sticks or electriods. Most transporters (73.2%) mentioned that
before loading they normally separated sheep bynuertial category, presence of horns or
breed, to then place them in specific compartmentthe truck. Most loading was performed in
the afternoon from 13 to 19 pm (58%), followed bg morning (37.5% between 6 am to 12 pm)
and 3.6% at night (8 pm- 5 am). Unloading was faglel+1.4 h) up to maximum of 2 And
mostly performed in the morning (65%), followed te afternoon-night (35%). Transporters
stated that the most common difficulties duringdiog/unloading were lack of personnel
(19.9%), poor infrastructure for weighing (17.5%Mor weather conditions (16.7%), too long
distance between pre-loading pens and loading @@y %), lack of ramps (13.3%), lack of
ramps and personnel (10%), and little space to nf@¥6). In reference to the supply of water
or feed for the animals at the destination, 87.#%viped water-feed, 8.8% nothing and 3.5%

only water.

Most (56.4%) of the transporters stated that thiékaneeof the animals could be under risk during
transport, where the most important problems deta@ to fatigue (60.8%), bruises (26.1%) and
fractures (13.1%). Regarding mortality, only 31.@#6the transporters reported at least one
mortality per journey. They also consider that vaeilgss per animal shipped was 4.0 (£1.9) kg
(maximum 11 kg). The transporters believe that alibytand morbidity were higher in winter
(36.8%) and summer (24.6%), while some mentionecktlvere more problems in spring (5.3%)
and fall (1.8%). The remaining 31.7% of transpartiErund no relation between mortality and
season of the year. The cost of transport per dnras approximately 2.98 (x1.3) US dollars,
up to $ 6.23 US dollars. The lairage and slaughtehe abattoir (32.1%) and road accidents
(24.5%) were mentioned as the two main welfarecatipoints, followed by transport (20.8%),
markets and collecting points (11.3%), and liviranditions on the farm (5.7%). In 6th place
were clinical and husbandry procedures (5.6%).IKiNd9% of the transporters considered that

stress during animal production and transport caffiect meat quality.

3.2. Multivariate Analysis
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The two-step cluster analysis separated three etbustr typical routes that explained the
association between transport and pre-slaughtéstiogperations and journey distance (Table
2). Cluster 1 included long distance journeys (L2I)ster 2 medium distance journeys (MDJ)
and cluster 3 short distance journeys (SDJ). Thenha(86%) of the respondents were evenly
distributed in clusters 1 (LDJ) and 2 (MDJ), andyoh4% in cluster 3 (SDJ). In MDJ the

collection points were quite varied compared toltBd and SDJ groups, which were always in
the north or central regions, respectively. The Igbdup used pot-belly trailers or 10 t to 16 t
lorries, the MDJ group preferably used 10 t to 16rties and group SDJ used 3.5 t lorries or
pick-ups. Most of the accidents were grouped in ,L®ich also included transporters who
smoked most and drank coffee as a countermeasuséetpiness. The MDJ group loaded more
animals at the farm, while the other two groups tigallected animals at assembly centres or
auction markets. The animals transported in LDJ 8Bd groups came mostly from mixed

production systems (grazing and finishing with eartcate in stables), while MDJ animals were

mostly stabled.

Lambs were the most transported commercial categspecially in LDJ and MDJ groups. The
SDJ group mostly included cull ewes. The three gsowansported goats, although sheep was
always the main species. The LDJ group always st@t animal health checkpoints run by
governmental authorities, passing through more thaee toll-booths and having the longest
journeys (above 700 km and 13 h). They also tramsgdhe largest number of animals per trip
at the highest cost. Surprisingly, the highest alibyt was concentrated in medium-distance
journeys, followed by long journeys. Weight lossswiirectly related to journey distance, with
LDJ animals losing the most weight, followed by gboof medium distance. Loading always
took place during the day for long and short distajourneys. In the case of MDJ, loading
usually occurred during the day but occasionallyight. That group also had longer loading
times. The highest unloading time correspondedDd. Shouting and aggressive handling were
common in all three groups. Finally, separationselection of sheep during the pre-loading
period was common practice in LDJ and MDJ groups.

4. Discussion
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Transportation is a stressful experience for arsnaald sheep are no exception (Miranda-de La
Lama et al., 2010). Safe and humane livestock p@mation carries important public and trade
concerns worldwide due to its potential negativeseguences on economics, animal health and
welfare, food quality and safety (Gonzélez et a012). Transporters play a crucial role in
delivering live and healthy animals to their destions on time, despite long journeys and
irregular driving schedules (Pulido et al., 201&urprisingly we know little about how
transporters influence animal welfare. Our studgns of the first to consider how transporters
perceive and influence pre-slaughter transportlagigtics in terms of One-Welfare.

4.1. Univariate Analysis

More than half of the transporters we intervieweeravover 39 years old, with a secondary
education and more than 10 years of experiencéndriattle trucks. Most of those trucks were
large (>10 t) and owned by the transporters, whee l@particular interest in profiting from the
purchase and sale of live animals. Morbidity andtaiity are economic losses for the meat
industry, regardless of the pain and suffering edus animals. Increasing the number of trained
personnel would help to promote positive attitutt®sards welfare issues (Hemsworth et al.,
2011). Sheep transport in Mexico mostly involvehigies from 10 t to 16 t, followed by pot-
belly’s. The use of large vehicles reflects theustdal scale of the supply chain and the need to
move a greater number of animals at a lower pReeviding appropriate vehicles for livestock
transport that are built and equipped accordinth¢ospecifications of the sheep category of the
animals transported is an unquestionable prindgoi¢he protection of animals during transport
(Gallo et al., 2018).

Typically, commercial transporters had irregularkvechedules and sleep hours, in addition to
little physical activity, poor eating habits andtnition, and mental and physical stress, all of
which may aggravate health problems, including itesardiovascular issues and metabolic
disorders (Mabry et al.,, 2016). Although only 13%tloe transporters stated that they had a
chronic disease, one of the main problems was tiab&hat could be due to the work schedules
that do not provide enough time to follow an adeguhet, partly due to the difficulty of finding
healthy foods en route and the perception thas diedt are rich in carbohydrates, fat and sugar

stave off hunger, which predisposes transporteobésity and eventually diabetes (Vayro et al.,
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2016). That would also help explain the problemthwiore backs and high cholesterol, which
can be the result of obesogenic process and beectath to cardiovascular and metabolic
disorders (Leyton et al., 2012). In addition, jeays include risks such as armed robbery and
accidents. Safety is a relatively recent topictudes on logistics and supply chains. The type of
goods affects the risk of theft, especially in Mex(De la Torre et al., 2015). In that context, the
high incidence of thefts could be related to sevaors including the high value of sheep meat
(compared with other farm species), small size lbéep, numerous loading sites, poor

traceability and decreasing national road secigitgls.

Road accidents involving loaded livestock vehictzsn be a serious problem, leading to
economic, animal, and even human loss. In addicnidents have an important impact in the
media and affect the image of the industry for comsrs (Valadez-Noriega et al., 2018). Our
results indicate that a little less than half ttams$porters had at least one accident on the jab, a
half of those accidents were with an empty loace Tdte of accidents is related to a series of
factors determined by journey time/distance, astimeed below in section 4.2. We also found a
similar tendency for accidents reported in Spainrgdhtla-de la Lama et al., 2011). One of the
main causes of accidents appears to be driverufgtighich may be the result of intense
workdays, poorly designed route plans, or high Iewe pressure from companies (Valadez-
Noriega et al., 2018). Most accidents occurrediglitrwith an empty load since loading and

journey with live animals tend to occur during th@y. When there are accidents with animals
on-board, there was a high rate of re-transpomt(¢e the slaughterhouse for emergency
slaughter) compared to reports from Spain (Miraddda Lama et al., 2011) and the USA
(Woods and Grandin, 2008). The high rate and cdsaagidents involving sheep lorries

demonstrate the need for continued efforts to am@ethe safety of trucking operations in

Mexico and other countries.

The data confirm that the number of animals trartspgoand slaughtered in this region of
Mexico is the highest in the country (Mondragon-£imeo et al., 2018) and possibly the highest
in Latin America. That may partly be explained imary traditions, migration of consumers

from the countryside to the city and to a view tlaab meat is tied with modern food traditions.

Although it is clear that the production chain Bugg, certain stages of transport and logistics

10
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are deficient and require more governmental confrioé legal requisites related to transport and
slaughter are known as the Official Mexican Regoitet (NOM-024-Z00-1995 and NOM-051-

Z00-1995). These legal provisions regulate the marm journey time that in the case of small
ruminants is 18 hours (without access to waterfard). Although in practice these regulations
are not usually met by sheep transporters. Théecaig and poultry industries appear to obey
those regulations, possibly since the productiahrigues are more modern than for sheep.
Those norms may be relaxed for animals that areymed, slaughtered and consumed in a
traditional manner. However, mass consumption @ephmeat in Mexico may mean that the
industry will have to comply with current and futuregulations. In addition, a recent study has
confirmed that Mexican consumers demand high quafieat and systems of transport and
slaughter that take into account animal welfareha@smain pillar of operational quality in the

system (Miranda-de la Lama et al., 2019).

The survey we developed helped to identify a seriggactices that represent risks to the health
and welfare of sheep. Many journeys were long éferage was 12 h), which may be a problem
in a country without legal limits on sheep jourrigges. Longer journey times increase the risk
of unnecessary suffering for animals and have negaffects on the health of transporters.
Thus, journey distance is of vital interest in teraf animal welfare and product quality but also
within the framework of the One-Welfare conceptthalugh not demanded by Mexican
regulations, most transporters provide feed an@mtatsheep upon arrival at the slaughterhouse
or in small collection centres near the slaughteskeo especially during medium to long hauls.
The main reason is to compensate for weight losm &hen the animals will be slaughtered in
the following 72 hours. This practice may posesé i terms of food, according to Pointon et al.
(2012), the significance of withholding feed fontpperiod before slaughter is twofold. Firstly,
it leads to an increase in rumen pH, due to a temluen volatile fatty acids, which in turn
favours the multiplication and growth of undesiml#nteric bacteria as Salmonella and
Escherichia coli This causes an increase in microbial hazard preea and counts in both
rumen contents and faeces as the time without feexkases. Secondly, withholding feed
reduces the visible contamination of the surfacéhefanimals and facilitates hygienic dressing

(Pointon et al., 2012). Non-compliance with certigigal provisions regarding safety and animal

11
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welfare is related to the traditional charactethd consumption of sheep meat in the country.

Unlike pork and beef that are usually exported, #nede industries are highly regulated.

The work of the transporter requires specific argvabilities, but many transporters also partake
in the loading/unloading of animals, select aninfalsloading and distribute animals on the
truck according to their weight or commercial caigg The use of electric prods (very popular
device among transporters in North America) anceothstruments to handle the animals is
more common during the loading and unloading ofjydawehicles, since it is done by
compartment and conditions are often less thanusdeqThose problems lead to long loading
(2-4 hours) and unloading times (1-2 hours). Raughdling during the pre-slaughter period has
been related to fatigue and increased bruising heeg, particularly under poor transport
conditions (Taruman and Gallo, 2008). Poorly defiabnormalities in the mobility of pigs and
recently in cattle at abattoirs have garnered camable interest from the beef industry and
media (Thomson et al., 2015). Fatigue is a muliiaal syndrome in which affected animals
become non-ambulatory without obvious injury, tramr disease, and refuse to walk (Schuetze
et al.,, 2017). Although there are no clinical repaabout this syndrome in sheep, Mexican
transporters perceive fatigue as the main riskngutd transport. Some of them referred to
clinical signs that are similar to other speciesrgpnal observations outside the questionnaire),

so it would be necessary to investigate the clirsignificance of this phenomenon.

Loss in live weight is an inevitable consequencé&arsport, although its impact depends on the
breed, sex, health status, body condition, handang individual susceptibility to stress
(Cernicchiaro et al., 2008). Our results indicdtat tweight loss averages 3.5 kg per animal,
independently of the journey distance. The intiatrease is due to dehydration and loss of urine
and feces, that represent 5 -15 % of the totalWweeght. During long, stressful journeys (where
sheep release high levels of glucocorticoids)ti$aie may also be lost, which affects carcass fat
deposition (Miranda-de la Lama et al., 2018). Imgnaf those cases, the high levels of physical
stress increase mortality (31% of long journeys l@dleast one mortality), which most

transporters believe is higher in winter and summenths.
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According to Mexican consumers, the greatest reskanimal welfare is during transport to
slaughter, followed by handling immediately befaskmughter and during slaughter itself
(Miranda-de la Lama et al., 2019). Nonetheless,tfansporters, the greatest risk to animal
welfare is right before and during slaughter. Tlhiécrepancy may be explained by a
phenomenon already described for workers withesgiatresponsibilities, where they do not tend
to accept their degree of responsibility in theafiquality of a product (Del Campo et al., 2014).
In the future, training programs could focus orsthroblem by raising awareness about the
importance of transporters throughout pre-slauglagistics. Finally, 79% of the transporters
considered that stress on the farm and during praabhsould affect meat quality. This is a good
sign and it may make it easier to train them intigehandling, although adequate handling

facilities are also required (Soysal et al., 2014).

4.2. Multivariate Analysis

In the generic meat logistics chain, livestock sved to slaughterhouses via farms, feedlots and
logistic centres. Each slaughterhouse can alsaipplisd by more than one production region
(Soysal et al., 2014). Throughout the chain, wenéba clear effect of the route (determined by
the points of loading/collecting animals), vehit¢igpe, occupational risks, collecting points,
production systems, commercial categories of sheemey distance and cost, animal mortality
and handling of the animals at loading and unlagad@®iven those associations we identified
three main journey types; long, medium and shamnrjeys. The long journeys begin in the north
where goats are traditionally produced, and sheegugtion is gaining momentum to feed the
demands of the larger cities in the centre of thentry (Miranda-de la Lama et al., 2018). This
has resulted in the creation of collecting sitesti{bpublic and private) in the north where
livestock is quite heterogeneous in terms of gesgfproduction system (grazing, stabled or
mixed) and commercial categories. Typically, ansrat collecting sites will have undergone a
previous transport, which has a cumulative effext enay increase mortality during the long
journeys as well as loss in live weight. Long jaeys are also more risky for transporters in
terms of traffic accidents, and are correlated witgher tobacco consumption. Typically, the

trade route crosses desert areas in a straightdimeundreds of kilometres, which can increase
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the incidence of falling asleep at the wheel. Timany accidents involve empty, heavy vehicles
travelling at night (to be able to load the animalghe morning). Long journeys are also subject

to sanitary inspection and must go through tolpstgoll-highways).

Medium distance journeys typically involve collegi sheep at farms with more intensive
production. Each delivery is contracted so as twide homogenous lambs directed to a specific
market (i.e. cuts). These journeys have the higmestality and losses in live weight. A possible
explanation for this phenomenon could be that tlister of medium distance journeys also
includes 23% long and short journeys, which couléraogistical practices and handling.
Accidents are not a typical problem, but transpertmnsume high levels of coffee and tobacco,
which places them as the highest risk group fordéne=lopment of chronic diseases. From these
results and the dynamics of sheep production iniddealso for Latin America), we can suggest
that the risk of road accidents increases as thmgy distance increases. Increasing journey
time (and distance) also tend to increase weigl, lIosnmunosuppression and negative effects on
meat quality (Miranda-de la Lama et al., 2018). this reason, there is an international tendency
to decrease long journeys. Nonetheless, the negaffects of journey distance can be
aggravated if performed under poor conditions, saghn an extreme climate, using a poorly
designed vehicle or by placing animals of differsiaes and commercial categories in the same
compartment. In our study, short journeys werelaintdo long ones in terms of heterogeneity of
animal sizes since both begin at collecting centrevestock markets. The shorter trips are
under less governmental control, however, and es®mslary vehicles and transport fewer
animals than the other two typologies. Accidentsrare, and the use of tobacco and coffee is

lower, implying less stress for the animals andttarsporters.

5. Conclusions

An integrative approach is essential to understiedrelationships between transporters and
animals during pre-slaughter logistic chain. Owuits show a sheep collection system with
three types of journey distances, implying a spiezagon of the drivers and trucks used in each
type of journey. The journey type influences certasks to which transporters and animals are
exposed. Smoking and consuming coffee is relatgduimeys of more than 4 hours and should

be considered in future occupational health progralourneys greater than 8 hours imply a

14



432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462

greater probability of suffering an accident on tbhad. The crisis in public security in Mexico
are also a major stress factor in drivers that nestaken into account. In terms of sheep
welfare, it seems that the medium-distance jourrméyambs from stable systems concentrate a
greater mortality during the journey, even compasgtth long distance animals. Additionally,
night journeys, aversive and violent handling (¢shmguand the use of electric prod), loading
times greater than 2.5 hours can also increaseMerght losses and mortality rates. Finally, our
results highlight the importance of developing nmgulations and guidelines for transport in
Mexico and Latin America in terms of transport tired transporting conditions, with a long-
term view to obtain improvements in the conditiafsthe thousands of sheep’s that travel,

avoiding suffering and preventing losses for thaustry.
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