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ABSTRACT

Movements of livestock across the Member States is monitored using the Trade Control and
Expert System (TRACES), a web-based veterinarian certification tool. This study aimed to evalu-
ate the criticalities of this tracing system and the most frequent non-conformities in their com-
pilation. TRACES of cattle (n=320) departed from France and arriving or transiting across Puglia
(Italy) in 2019 (n=199) and 2020 (n=121) were analysed. The distribution arriving in Italy and
Greece did not vary between the 2 years. The majority of the bovine (53.4%) were medium-
sized cattle transported for fattening with a median body weight of 410kg. However, almost
half of the TRACES did not report correctly the total expected loaded weight or the available
space, so for them, it was impossible to calculate and double-check whether the minimal space
allowance was respected. Long journeys must include a resting stop after the first 14 h, how-
ever, 20.9% of the examined and declared stops did not comply with it. Finally, comparing the
expected declared journey duration with a calculated one (dividing travel distance by an aver-
age speed of 70km/h, adding 1h for loading and unloading, and 1h or 24 h for resting stops),
we found that only 30.6% of the journey durations were congruent. The irregularities resulted
associated with consignors and transporters (p <.05). Overall, the proportion of mistakes and
non-compliance suggest that there is a need to improve the current practice to enhance animal
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welfare during transportation.

HIGHLIGHTS

e TRACES (n=320) of cattle transported from France in 2019 and 2022 were analysed.

e Almost half of the TRACES were not filled correctly.

o TRACES should be implemented and double-checked carefully to ensure animal welfare.

Introduction

Millions of animals are transported daily all over the
world. However, transportation may be stressful for
animals and it is a welfare concern (Broom 2008;
Padalino et al. 2021). Weight loss, traumatic lesions or
(in extreme cases) death can indeed be a consequence
of inadequate management concerning transport
(Knowles et al. 1993, 1994). Loading methods, stocking
density, journey duration, driving skills, and road con-
ditions have been identified as risk factors for poor
animal welfare (EFSA 2011; Miranda-de la Lama et al.
2014; Schwartzkopf-Genswein et al. 2016). To limit risk,
specific laws and codes aiming at safeguarding the
welfare of the travelling animals regulate live animal
movements worldwide.

The European Council Regulation (EC) No. 1/2005
regulates animal transportation with different require-
ment depending on journey length (less or more than
8h) and transported species (minimum loading dens-
ity, maximum journey duration) (Council of the
European Union 2005). Each species has indeed differ-
ent physiological requirements and needs according
to transport conditions, means of transport used, and
climatic zones (Marahrens et al. 2011; Schwartzkopf-
Genswein et al. 2016). For cattle, the maximum jour-
ney duration in compliance with the EC1/2005 is 29 h.
However, always according to the law, those 29 h can-
not be continued, and stops for resting and watering
the animals must be scheduled. Consequently, after
14h of travel, there is a compulsory stop of at least
1hour for watering and feeding, and a possible
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continuation of another 14h of travel. If the expected
journey duration exceeds 29h, cattle must be
unloaded and rest for at least 24h in an approved
control post and then loaded again towards the final
destination (Council of the European Union 2005).
Loading cattle onto the truck is a stressful event in
itself, causing an increase in heart rate, nervousness
and agitation, and it can take time (Chacon et al.
2005). Thus, the expected journey duration always
includes the time of loading and unloading, since a
journey starts when the first animal is loaded and fin-
ishes when the last animal leaves the vehicle
(EFSA 2004).

Council Regulation (EC) no. 1/2005 regulates in
Annexe 1 the loading density for the different animal
species and categories transported. For bovine,
depending on the weight categories, the following dif-
ferent minimal space allowance is envisaged, ranging
from an area 0.30 and 0.40 square metre (m?) for
small calves (approximate body weight of 50kg) to an
area greater than 1.60m? for very heavy cattle (body
weight more than 700kg). The legislation also speci-
fies that minimum space allowance may vary based
not only on weight and size but also on the physical
state of the animals, weather conditions, and the
probable duration of the journey. The law also sug-
gests that animals should travel in homogeneous
groups in terms of age, sex, and size; mixing adults
with young and large specimens with small ones can
cause crushing (EFSA 2004; Council of the European
Union 2005) and an increase in fighting and mounts
between them (Calderon et al. 2020). The presence of
horned cattle in the transported group increases the
incidence of superficial and deep lesions, so mixing
horned and unhorned animals is forbidden if not
raised in compatible groups and accustomed to each
other (i.e. loaded in different origin places) (Council of
the European Union 2005).

The movement of livestock across the borders of
the Member States of the European Union is moni-
tored using the Trade Control and Expert System
(TRACES) and reported in the Activity Report
(European Parliament 2018; European Commission
2019). TRACES have to be filled in before moving the
animals and Official Veterinarians have to double-
check them and decide whether to approve or not
the proposed journey considering whether the latter is
compliant with the current regulation. The TRACES is
composed of three main parts. The first part reports
the details of dispatched consignment, such as
Consignor's and Consignee’s names and addresses,
certificate reference number and central competent
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Authority, country of origin and destination, and the
details of dispatched consignment, such as transport-
er's details, date and time of departure and estimated
journey time and the identification of the transported
animals. The second part, named certification, is dedi-
cated to all health information (e.g. information about
the animals come from holding/s of origin and area/s
which, in conformity with Union or national legislation,
is/are not subject to any prohibition or restriction for
reasons of animal diseases affecting bovine animals;
inspection of animals and control of communicable
diseases). The third part is named planning, which
summaries the travel plan, including estimated total
weight, total space and list of foreseen resting, trans-
fer and exit points destination with their duration.
Thanks to the TRACES system, all movements can be
monitored. For instance, in 2018, Italy imported a total
number of live bovine of 1,075,895 from all countries
of the world and of these 1,050,319 from Europe,
mainly from France (Dahl-Pedersen and Herskin 2021;
ISTAT 2021).

A recently published study showed that vehicles
transporting cattle from France to Italy were often
fined during road inspection (Padalino et al. 2020).
Consequently, this study hypothesised that TRACES
would often be not filled in all their parts and that
many planned journeys were approved even if not in
compliance with the requirements related to journey
duration and minimum space allowance reported in
the Reg EC 1/2005. This study aimed to analyse retro-
spectively the TRACES approved for the transporta-
tions of cattle from France towards Bari Province or
crossing it towards Greece in 2019 and 2020. Precisely,
the health certificates and planning notified in the
TRACES system were examined, aiming at document-
ing whether article 14 of Regulation EC No. 1/2005
was fulfilled and whether the TRACES were correctly
filled in and reported correct information concerning
journey time and animal density.

Materials and methods

The TRACES from the 1 January 2019 to the 31
December 2020 originated in France and arriving in
the province of Bari or crossing it to continue towards
Greece were downloaded by one of the authors (DT)
from the official platform of the site https://webgate.
ec.europa.eu/sanco/traces/ with the permission of the
Italian Health Minister.

Data were entered in Excel following the different
parts of the TRACES. Namely, the following sections
were reported: consignor name; consignee name;
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Table 1. Parameters taken from each TRACES and criteria to define their compliance with the regulation and data plausibility.

Criteria to be met

Output if not met

Parameter

Compilation of records Records not empty
Total weight and number of animals 110 kg < BW?<900 kg
Total space <200 m?

Loading density

(expressed as space allowance m?/animal) >0.4 m%/animal

If 110 <BW ? <200, space allowance

Missing data

Total weight and number of animals not plausible
Total space not plausible

Non-compliance for density

If 200 <BW ? <325, space allowance

>0.7 m*/animal

If 325 <BW ? <550, space allowance

>0.95 m%/animal

If 550 <BW ? <700, space allowance

>1.3m%/animal

If BW @ >700, space allowance >1.6 m*/animal

Duration of the journey

Equal or longer than those calculated according

Duration of the journey not plausible

to travel distance, time for loading and
unloading operations, and compulsory

resting stops
Foreseen resting stop

If 14 h < travel time <29h, 1 stop of 1h

Non-compliance for foreseen resting stop

If travel time >29 h, 2 stops including rest

of 24h

*Mean body weight, calculated as the ratio between total weight and number of animals.

certificate reference number; central competent
authority; country of origin; country of destination;
place of loading; place of destination; date and time
of departure; identification of means of transport;
transporter; number/quantity; animal certified for/
products certified for; estimated journey time; route
plan; date and time of destination and list of foreseen
resting, transfer or exit point and length in hours.
Other sections present in the TRACES (i.e. Health vacci-
nations) were considered of poor interest and not
inserted in the excel.

Data curation and statistical analysis

First, data reported in each TRACES were analysed to
identify missing or implausible data and compliance
with regulations. Criteria for data classification are
summarised in Table 1.

All records with blank fields were treated as
‘missing data’. The number of animals and the esti-
mated total weight of the consignment were consid-
ered as 'not plausible’ if the mean animal body weight
(BW, calculated as the ratio between total weight and
number of animals) was less than 110kg or higher
than 900 kg. The estimated mean BW was also used to
categorise the animals which were transported in each
consignment according to the weight categories
adopted by Regulation 1/2005. In particular, the fol-
lowing BW categories were used: small calves
<110kg; medium size calves >110kg and <200kg;
heavy calves >200kg and <325 kg; medium size cattle
>325kg and <550kg; heavy cattle >550kg and
<700kg; very heavy cattle >700kg. Some TRACES
reported typos for total space values. We decided,
therefore, to consider all values of total space >

200m? as ‘not plausible’, since a vehicle (Truck plus
trailer) used for transporting cattle on two levels (each
level about 34 m?) can have maximum dimensions of
about 130m?, and the typos found were all above
200. Estimated loading density was calculated as the
ratio between the total space (valid numbers) and the
number of animals. Then, the estimated loading dens-
ity of each TRACES was compared with that regulated
by Regulation 1/2005 according to the weight catego-
ries of animals, thus creating a new binary variable
(yes/no) which defines the regulatory compliance
(Table 1).

Theoretical duration of the journey (in hours) was
calculated for each TRACES by dividing travel distance
by an average speed of 70km/h (suggested for live
animal vehicles), and by adding 1h for loading and
unloading, and 1h or 24 h for compulsory stops if the
journey was longer than 14 or 29h, respectively
(Council of the European Union 2005). Furthermore,
8h were added at a flat rate when the transport was
headed to Greece (the ferry journey takes about 6h
plus loading and unloading). Journey time reported in
the TRACES was treated as ‘not plausible’ if it was
shorter than the theoretical duration, and the differ-
ence (in hours) between declared and theoretical dur-
ation was calculated. A variable defining the
concordance between the number of declared and
compulsory stops (according to Regulation 1/2005)
was also created. All variables defining the
‘compliance with regulations’ and ‘data plausibility’
were coded as zero-one (no-yes).

Finally, the categories of some variables were reor-
ganised and relabelled to simplify data presentation
and statistical analysis as well as to ensure privacy. In
particular, consignors and transporters involved in less
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Figure 1. Frequency distribution of TRACES and the total
number of animals in 2019 and 2020.

than 20 journeys were included in categories called
‘Small consignors’ and ‘Small transporters’, respect-
ively, while the others were identified with a letter
(e.g. Consignor A, Consignor B; Consignor C;
Transporter A, Transporter B).

Descriptive statistics were used to present both raw
data and new variables as mean and standard devi-
ation (SD), median (Mdn) and range (minimum and
maximum) or interquartile range (IQR), number, and
percentage. Chi-square goodness of fit test was used
to analyse the distribution of the categories within
each variable (assuming all categories equal).
Univariable binary logistic regression was used to
assess whether there was an association between non-
compliance or implausibility (included as dependent
variables) and consignor or transporters (included as
predictors). Results were reported as odds ratio (OR),
95% confidence interval (95%Cl), and the p-value of
Wald statisticc. An Independent t-test assuming
unequal variance was used to compare the mean
number of animals per TRACES during 2019 and 2020.
All analyses were performed using SPSS version 25.0
statistical analysis software (IBM Inc., Chicago, IL) and
a p-value < .05 was considered statistically significant.

Results

A total of 320 TRACES were analysed, of which 199
(62.2%) were related to 2019 and 121 (37.8%) to 2020,
including a total of 9629 animals (n=5874 and
n=3755 for the year 2019 and 2020, respectively;
Figure 1). The distribution between Greece and ltaly
did not differ between the 2years for the number of
TRACES (OR = 0.693, 95%Cl = 0.364-1.316; p=.262;
Figure 2(a)) and the total number of animals (OR =
1.026, 95%Cl = 0.878-1.198; p =.750; Figure 2(b)).
Table 2 shows descriptive statistics and results of
the goodness of fit test for some generic information
reported in Part I. In most of the TRACES, the means
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of transport was the ‘Road vehicle’ (96.3%; p <.001),
and animals were certified for ‘Production’ (89.4%;
p <.001). The place of origin and destination were
always ‘Assembly Centre’ and ‘Holding” (100.0%;
p <.001), respectively, while the section on tempera-
ture was never completed (missing data = 100%).
Overall, the number of sections not filled in ranged
from 4 to 8 (mean=SD = 6+ 1 sections), and over
half of the TRACES had more than 5 uncom-
piled sections.

Table 3 reports data related to the loading density.
The number of animals recorded in each TRACES
ranged from 1 to 72, and there was no difference in
the mean number between 2019 and 2020 (29.5+17.2
and 31.0+19.9 animals/TRACES during 2019 and 2020,
respectively; p =.488). The total space ranged between
3 (in case of single animal) and 73 m? while the total
weight of the consignment from 400 to 26,049 kg.
Mean BW and loading density calculated based on
these data were 410kg and 1.78 m*/animal, respect-
ively. Then, animals were classified into weight catego-
ries as showed in Table 4 and most of them fell into
the ‘medium-sized’ class (n=171, 53.4%; p <.001).
However, animals were classified only in 190 out of
320 traces as more than 40% showed missing or
unplausible data (Table 4) making it impossible to esti-
mate the mean body weight and, then, the weight
categories. Missing or unplausible data were, more-
over, found for the total space in 125 TRACES (39.1%;
Table 4). Overall, 139 TRACES (43.4%) showed at least
one error so that regulatory compliance for minimum
space could be defined only for 181 of them. Among
these, only one irregularity (0.6%) was found. This
non-compliance concerned a TRACES (ID247) trans-
porting very heavy cattle (minimum space allowance
required by Regulation no. 1/2005 = 1.6 m*/animal) for
which an estimated density of 1.4m?/animal was
found (Table 4).

The likelihood of finding a compilation error con-
cerning the total number of animals, total weight,
and/or total space was associated with both the con-
signor and the transporter (p <.001; Table 5). The
odds of finding an irregularity was higher or lower in
one of the larger consignor or transporter compared
with the group of small consignors/transporters. Some
specific companies filled in the TRACES better than
others. For example, consignor B and transporter B
were less likely to make errors related to total number
of animals, total weight, and/or total space than small
consignors and transporter, respectively (p <.001).

The foreseen resting stops were indicated in most
of the TRACES (79.4%; Table 6). The number of
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Figure 2. Relative frequency distribution of TRACES (panel a) and the total number of animals (panel b) during 2019 and 2020
according to the country of destination. The differences were not significant.

Table 2. Descriptive statistics and results of the goodness of fit test for some generic information reported in

Part I.
Count
Section Category (N=320) % p value”
Place of origin Holding 0 0.0 <.001
Approved body 0 0.0
Embryo team 0 0.0
Assembly centre 320 100.0
Semen centre 0 0.0
Establishment 0 0.0
Dealer’s premise 0 0.0
Approved aquaculture holding 0 0.0
Other 0 0.0
Place of destination Holding 320 100.0 <.001
Approved body 0 0.0
Embryo team 0 0.0
Assembly centre 0 0.0
Semen centre 0 0.0
Establishment 0 0.0
Dealer's premise 0 0.0
Approved aquaculture holding 0 0.0
Other 0 0.0
Means of transport Aeroplane 0 0.0 <.001
Ship 0 0.0
Railway wagon 0 0.0
Road vehicle 308 96.3
Other 12 38
Animals certified for/products certified for Breeding 20 6.3 <.001
Slaughter 14 44
Production 286 89.4
Temperature of products Ambient - - -
Chilled - -
Frozen - -
Missing data 320 100.0
Route plan Yes 320 100.0 <.001
No 0 0.0

Values are numbers (count) and percentages (N %).
*p value from chi-square goodness of fit test (assuming all categories equal for each question).

Table 3. Descriptive statistics of parameters related to loading density as reported on the TRACES' planning or computed
‘a posteriori’.

Parameter Mean SD Median Min Max IQR
Number of animals 30 18 30 1 72 16-40
Total weight of the consignment (in kg) 11,443 7104 11,000 400 26,049 5520-13,149
Estimated mean body weight® 410 81 396 133 857 363-424
Total space foreseen for the consignment (in m?) 3430 20.78 32.00 3.00 73.00 18.00-48.00
Loading density (expressed as space allowance m?/animal)® 1.78 3.38 1.13 0.97 37.00 1.00-1.25

?Computed ‘a posteriori'.
SD: standard deviation; Min: minimum; Max: maximum; IQR: interquartile range.
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Table 4. Classification of animals in weight categories (as computed by dividing the total weight by the number of animals),
errors concerning the total number of animals, total weight and/or total space, and compliance of the estimated load density

with the Regulation (EC) no. 1/2005.

Parameter Category Count (N=320) %
Animal category Missing data 130 40.6
Medium-sized calves (110-199 kg) 1 0.3
Heavy calves (200-324 kg) 2 0.6
Medium-sized cattle (325-549 kg) 171 53.4
Heavy cattle (550-699 kg) 14 4.4
Very heavy cattle (>700kg) 2 0.6
Error concerning total weight or number of animals No error 190 59.4
Total weight or number of animals not plausible® 14 44
Total weight or number of animals missing 116 36.3
Error concerning total space No error 195 60.9
Space not plausible® 6 1.9
Missing data 119 37.2
Error concerning total weight, number of animals and/or total space No error 181 56.6
At least one error 139 434
Regulatory compliance for loading density® No 1d 0.6
Yes 180 99.4

Values are numbers (count) and percentages (N %).
®Mean body weight <110kg or >900 kg.
PSpace >200 m?

‘Regulation (EC) no. 1/2005. Compliance could only be defined for traces filled in correctly in the sections total number of animals, total weight, and

total space (n=181).

HTraces 1D247: computed density = 1.4 m?/animal (minimum space allowance for heavy cattle = 1.6 m?/animal).

foreseen resting stops reported ranged from 1 to 9
although their duration was never specified. Based on
the journey duration, we estimated that 50 TRACES
(15.6%) should have included at least 2 foreseen rest-
ing stops. The foreseen resting stops indicated in the
examined TRACES did not comply with the Regulation
in 67 cases (20.9%) and this non-compliance was asso-
ciated with both the consignor and the transporter
(p <.001; Table 5). For example, consignor C (p =.005)
and transporter A (p <0.001) were more likely not to
be compliant for the foreseen resting stops than
small consignors.

Table 7 shows descriptive statistics for the journey
length as reported in the TRACES and as calculated
based on the kilometres travelled and the compulsory
resting stops. The mean kilometres travelled were
1497 and 2435 for loads directed to Italy and Greece,
respectively. Mean durations reported on the planning
were 23 and 49h for Italy and Greece, respectively,
while mean durations calculated according to kilo-
metres and foreseen resting stops were 24 and 69,
respectively. Less than a third of the examined
TRACES (98/320, 30.6%) reported durations congruent
with the theoretical ones while, in most of them
(61.6%; p <.001), the estimated duration was at least
5h longer than that reported in the planning (Figure
3). The concordance between declared and estimated
duration was associated with both the consignor and
transporter (p <.01; Table 5). It could be noted that
consignor B, in addition to fewer errors related to
space, animals’ number and weight, was less likely to

make errors also related to the journey duration com-
pared to small consignors (p <.001).

Discussion

Our study analysed retrospectively the TRACES
approved for the movements of live cattle from
France towards a Southern Italian Provence or crossing
it towards Greece in 2019 and 2020. Our data sup-
ported the hypothesis that article 14 of Regulation EC
No. 1/2005 was often not fulfilled and the majority of
the TRACES were not correctly filled in resulting in a
high quantity of missing information concerning total
space and total load. Consequently, in many TRACES it
was impossible to double-check whether the minimal
space allowance was fulfilled. However, since space
allowance and journey duration vary depending on
the animal category (i.e. animal body weight) and this
information is never reported in TRACES, in the future
official veterinarians would be able to double-check
whether the journey is compliant with the legislation
(i.e. minimum space allowance, maximum journey
length, resting period), only if the ‘category of the
transported animal’ was added to the current TRACES
format. Our findings could be therefore useful to
implement the EC 1/2005 currently under revision.
Medium-sized cattle (325-549kg) was the category
we found to be the animal category mostly trans-
ported from France. This was expected and in line
with the reported live animal trade happening in
Europe (European Parliament 2018). Italy indeed tends
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Table 5. Factors associated with the presence of at least one error related to total number of animals, total
weight, and/or total space, regulatory compliance for foreseen restings, and concordance between declared

and estimated duration.

95%Cl
Dependent variable Predictor Category OR Lower Upper Sig.
Presence of at Consignor Overall <0.001
least one error Consignor A versus 1.166 0.434 3.134 0.761
related to total small consignors
number of animals, Consignor B versus 0.175 0.070 0.439 <0.001
total weight, and/ small consignors
or total space Consignor C versus 1.583 0.810 3.095 0.179
small consignors
Transporter Overall <0.001
Transporter A 1.106 0.647 1.891 0.712
versus small
transporters
Transporter B 0.106 0.043 0.259 <0.001
versus small
transporters
Regulatory non- Consignor Overall <0.001
compliance for Consignor A versus 1.857 0.421 8.191 0414
foreseen small consignors
resting stop Consignor B versus 0.134 .014 1.237 0.076
small consignors
Consignor C versus 4713 1.607 13.817 0.005
small consignors
Transporter Overall <0.001
Transporter A 5.343 2311 12352 <0.001
versus small
transporters
Transporter B 0.147 0.018 1.226 0.076
versus small
transporters
Discrepancy Consignor Overall <0.001
between declared Consignor A versus - - - -
and small consignors
estimated duration Consignor B versus 0.120 0.051 0.281 <0.001
small consignors
Consignor C versus 2423 1.123 5.229 0.024
small consignors
Transporter Overall 0.006
Transporter A 1.063 .607 1.861 0.831
versus small
transporters
Transporter B — 3.360 1.489 7.581 0.004
small
transporters

OR: odds ratio; Cl: confidence interval, -complete separation.

Table 6. Descriptive statistics of parameters related to foreseen resting stops as reported on the planning or estimated, and
regulatory compliance.

Parameter Category Count (N=320) N, %
Foreseen resting stop(s) reported in the planning No 60 18.8
Yes 254 79.4
Missing data 6 19
Number of foreseen resting stop(s) reported in the planning 0 (or missing data) 66 20.6
1 190 594
2 22 6.9
>2 42 131
Duration of foreseen resting stop(s) reported in the planning Missing data 320 100.0
Estimated number of foreseen resting stop(s) according to journey length 1 270 84.4
2 50 15.6
Regulatory compliance for foreseen restings No 67 20.9
Yes 253 79.1

Values are numbers (count) and percentages (N%).

to import beef steers mainly from France (SustainBeef
2020). However, it is worth noting that we tried to cal-
culate this category based on the total load and the

calculation

number of animals, and, in half of the cases, the data
were missing so it was impossible to determine it. This

is one of the first action an Official
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Table 7. Descriptive statistics for the duration of the journey as reported in the examined TRACES and as calculated based on

the kilometres travelled and the compulsory resting stops.

Country of destination

Italy Greece
Parameter Mean SD Mdn Min Max Mean SD Mdn Min Max
Estimated travel (in kilometres) 1497 245 1452 1135 3597 2435 328 2325 2111 3597
Total expected duration reported on the traces’ planning (in hours) 23 8 20 16 72 49 23 48 24 72
Estimated duration of the journey including compulsory resting stops® (in hours) 24 6 23 18 77 69 5 67 64 85

?8h were added at a flat rate when the country of destination was Greece.
SD: standard deviation; Mdn: median; Min: minimum; Max: maximum.

[ 30.6% Plausible/in compliance duration
[ 14.4% Underestimated by <2 h

[ 13.1% Underestimated by 2-4.9 h

B 34.1% Underestimated by 5-9.9 h

Il 7.8% Underestimated by >10 h

Figure 3. Distribution of the comparison between the esti-
mated journey time reported in each examined TRACES and
those calculated according to journey length (at an average
speed of 70 km/h), including 1h for loading/unloading practi-
ces and duration of compulsory resting stops.

Veterinarian (OV) must do for double-checking the
congruity of the proposed journey with the legislation.
Animal welfare recommendations are adapted to each
type of animal as it is well known that animals of dif-
ferent ages and sizes could differently respond to
transport  stress (MAMIC  2001; EFSA  2004;
Schwartzkopf-Genswein et al. 2016). It is worth high-
lighting that the EC 1/2005 has a special requirement
for lactating females (i.e. they shall be milked at inter-
vals of not more than 12h), but declaring whether a
cow is or is not in lactation is also not a requirement
in the current TRACES. It is therefore recommended
that the animal category and the physiological state
of the animal (i.e. whether the animal is lactating)
would be included in the TRACES. Inserting the cat-
egory would be a useful implementation, as recently
suggested in the literature (Dahl-Pedersen and Herskin
2021). Otherwise, a part the identification number of
each animal, age, and sex could be added as already
happens for TRACES of sheep, or sex and date of birth
as for TRACES of dogs, or date of birth as for TRACES
of pigs. Harmonising among species of the informa-
tion related to the transported animals inserted in the
TRACES system could be recommended to implement
this tool for monitoring animal welfare during trans-
portation. Another possibility would be to not allow
the submission of a TRACES in the system if one of

the critical information (i.e. total load, number of ani-
mals, and total space) was not present. Current
innovative information system allows forcing the pres-
ence of particular data before applying. Otherwise,
OVs must comply with the current legislation and do
not approve TRACES until they are correctly filled in.
Space allowance has been identified as a risk factor
for poor welfare during transport (EFSA 2011;
Marahrens et al. 2011). The minimum space allowance
is crucial not only to allow animals to maintain bal-
ance minimising the risk of hitting or falling but also
to permit them to lie down and rest, reach in an eas-
ier way drinking system, avoid dominant animals and
aggression, and minimise thermal stress. Several stud-
ies showed the negative impact of high stocking dens-
ity on animal welfare (Gonzdlez et al. 2012;
Schwartzkopf-Genswein et al. 2012). In the literature, it
has been reviewed that animals transported at high
densities showed a high number of bruising on their
carcass that depreciates their commercial value
(Miranda-de la Lama et al. 2014; Mendonga et al.
2019). Stocking density has also been linked to heat
stress, a major concern for cattle welfare during trans-
portation (EFSA 2011; Caulfield et al. 2014).
Overcrowded vehicles, indeed, become much hotter
inside since metabolic heat generated by animals
increases the ambient temperature in a proportional
way to the stocking density (MAMIC 2001; Caulfield et
al. 2014). The risk of thermal stress also increases in
animals that do not have adequate airflow on top and
or their sides. Vehicles used for the transport of live-
stock, thus, must be equipped with a ventilation sys-
tem to ensure acceptable micro-environmental
conditions within each trailer compart (Council of the
European Union 2005; Caulfield et al. 2014; Miranda-
de la Lama et al. 2014). In the present study, it was
not possible to obtain information about the charac-
teristics and the equipment of vehicles for privacy rea-
sons. We know, however, that the examined routes go
from the North to the South of Europe, thus, environ-
mental temperatures are often hotter at arrival in
comparison with departure. This further worsens the
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trailer microclimate increasing the risk not only of
negative health and welfare outcomes but also of
poor meat quality (Goldhawk et al. 2014
Schwartzkopf-Genswein et al. 2016). It has been
recently found, for example, that the thermal variance
from departure to arrival increases the likelihood to
find animals infected by BRD after journeys (Padalino
et al. 2021). The current regulations suggest minimum
space allowance depending on the category and it
suggests that the space allowance should be adapted
depending on the weather condition (Council of the
European Union 2005). In our dataset, when it was
possible to calculate space allowance, this was in com-
pliance with the regulation. However, it is worth not-
ing that it was impossible to determine it in almost
60% of the cases. So, those TRACES were approved
but without tools to double-check whether they were
or not compliant with EC 1/2005. Finally, it should also
point out that expressing space allowance as space
per animal is not appropriate, because more than
20years ago it was demonstrated that stocking dens-
ity should not be expressed in square metres per ani-
mal but in square metres per 100 kg to allow animals
to lie down and cope better with transport stress
(Knowles et al. 1998). Currently, stocking density is
expressed in this way only for pigs. Interestingly, some
authors proposed to evaluate the loading density in
terms of allometric coefficient (k value, calculated as
m? per animal/BW°%®’) as it provides a standardised
measure according to the animal size (Petherick and
Phillips 2009). Gonzalez et al. (2012) showed that the
low space allowance as indicated by a low allometric
coefficient (k< 0.015) increases the likelihood of death
and of becoming non-ambulatory in cattle. So, based
on the above scientific evidence, the EC 1/2005 could
be implemented adopting a consistent unit to express
space allowance and implement the current minimum
space allowance which has been proven to be still
able to cause welfare consequences. Our data also
show that TRACES system should be implemented to
make sure that minimum space allowance could be
easily determined and never be lacking information.
This would help OVs not only during the approval of
the TRACES but also during on-road inspections.
Vehicle transporting cattle has been reported as the
category which still gets fined the most during those
inspections and mainly due to overcrowding (Nanni
Costa et al. 2012; Padalino et al. 2020). Tracing sys-
tems for animal transport vehicles monitoring parame-
ters such as temperature, relative humidity, and total
loaded weight could favour the assessment of animal
welfare during transport in real time, allowing drivers

to take corrective actions and authorities to monitor
regulatory compliance (EFSA 2011).

Maximum journey duration is one of the most dis-
cussed topics in terms of animal welfare (Cave et al.
2005; EFSA 2011; Gonzalez et al. 2012; Padalino 2015;
Padalino and Riley 2020). Journey duration is indeed
the major risk factor for transport-related morbidity
and mortality in free-moving animals (Schwartzkopf-
Genswein et al. 2012; Padalino et al. 2015; Padalino et
al. 2018). Long distances are assumed to affect the
physiological and behavioural state of cattle (Miranda-
de la Lama et al. 2014), impairing the animal immune
system (Padalino et al. 2017). As distance increases,
glycogen consumption increases (Chulayo and
Muchenje 2017; Reiche et al. 2019). Furthermore, lon-
ger journeys may lead to a longer time of water
deprivation, generating conditions of greater dehydra-
tion and haemoconcentration, especially in the hot
season (Tadich et al. 2005; Chulayo and Muchenje
2017). Gonzélez et al. (2012) found that journeys last-
ing more than 30h conducted in North America
increase the likelihood of lameness and increase the
likelihood of death in cattle. Cirone et al. (2019)
reported an increase in BRD-related pathogens in beef
cattle travelling from France to Puglia for about
1700 km. The examined TRACES covered similar routes
and it is worth highlighting that the majority of the
TRACES were approved even if the expected duration
was incongruent with the planning. This incongruence
exceeded 5h in most of the TRACES. Finally, it is
worth highlighting that the time spent in a roll on-roll
off ferry from Bari to Greece may vary a lot depending
on the weather conditions and due to a variable wait-
ing time for loading which may be longer due to con-
gestions, particularly in the summer period. Rules on
animal transportation on the ferry are currently under-
regulated and need implementations (EFSA 2021).

For weaned calves and cattle, a one-hour resting
stop is compulsory after the first 14 h of travel. During
the resting stop, animals should be checked, watered,
and fed (EFSA 2004; Council of the European Union
2005). However, in our TRACES, more stops were often
listed, and those were mainly due to logistics reasons,
often because the same vehicle stopped in multiple
farms to load different animals, or for changes of driv-
ers. Journeys with multiple stops have been named as
‘milking way’ and, in the literature, it has been recom-
mended to avoid them because those stops increase
the journey duration, not only due to the stops but
also because of routes deviations to reach a particular
location (Frisk et al. 2018; Meléndez et al. 2020).
Recently, it has been found that an extra stop during



a long journey increases the likelihood of cattle being
positive for Pastorella spp and Mannenia after the
journey (Padalino et al. 2021). Further studies should
thus investigate the effects of rest stops on different
welfare outcomes (Schwartzkopf-Genswein et al. 2016).
We suggest that TRACES system and the welfare of
the transported animals would improve by OVs dou-
ble-checking carefully the journey plans questioning
multiple stops before approving this type of journey.
Consignors and transporters resulted associated
with the investigated irregularities in the logistic
regression analysis. This is a new finding even if we
cannot identify which management aspects (i.e.
administrative staff, drivers, routes) are the real risk
factors. Privacy issues prevented the in-depth analysis
of those data. The classification into small and large
companies, furthermore, did not allow to highlight
particular trends. It seems that the differences were
related to the characteristics of the individual consign-
ors and transporters rather than to their size.
Consequently, our finding suggested that the correct
compilation of the TRACES represents a modus oper-
andi of the single companies and transporters. The
compilation of TRACES varied, therefore, depending
on the single companies, suggesting that training of
the operators in the correct compilation of TRACES
would be useful. It is also worthwhile noting that
there is no harmonisation of sanctions in Europe to
date. This could contribute not only to the superficial-
ity of consignors and transporters in drafting docu-
ments but also to the difficulty of OVs in managing
infringements for interstate transports. Previous stud-
ies have shown the importance of the training and
experience of the drivers as regards both the driving
ability and the handling of the animal (Gonzalez et al.
2012; Miranda-de la Lama et al. 2014; Padalino et al.
2016), but the congruity of the documents, whether
those stakeholders can fill or fill in the documents cor-
rectly, had never been taken into consideration.
Generally speaking, however, our results confirm those
of audits carried out by the Food and Veterinary
Office (i.e. European Commission) in several European
countries. The reports indicated that manual monitor-
ing and documentation in the journey logs are often
incomplete or unrealistic recommending maximum
accuracy in their compilation to allow for verifying
compliance (Food and Veterinary Office 2009; Food
and Veterinary Office 2010; Food and Veterinary Office
2012). If consignors and transporters were informed
about the importance of TRACES and encouraged to
complete them correctly and scrupulously, the TRACES
system would likely improve. Harmonisation of
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sanctions is also desirable, at least within
European countries.

Our findings should be interpreted with caution
because this study has some limitations. First of all,
only a small part of the TRACES (towards or across the
province of Bari) could be analysed, since the TRACES
system is split per Province, so we could not access all
TRACES from France to Italy. Consequently, our data
cannot be generalised and need to be confirmed in a
larger dataset. Second, journey duration has been cal-
culated and as such may be inaccurate, having the
real duration of this journey directly from the journey
logs would be indeed the best way to double-check
the expected duration declared in the TRACES with
the real one. However, journey logs are sensitive data
that stay with transporters. Similarly, the categories of
animals were estimated as they are currently not indi-
cated in the TRACES. This could make the definition of
compliance for loading density unreliable. The forced
use of estimated values, however, highlights the intrin-
sic shortcomings of the TRACES. Making those data
available would be useful to monitor and protect ani-
mal welfare during transportation. Third, some infor-
mation could not be obtained retrospectively for
privacy reasons limiting the possibility to analyse other
important risk factors for animal welfare, such as trailer
characteristics or drivers’ training and experience
(Lapworth 2008; Miranda-de la Lama et al. 2014;
Schwartzkopf-Genswein et al. 2016).

Notwithstanding the aforementioned limitations,
this is the first study that has analysed a large quantity
of TRACES showing the inaccuracy in their complete-
ness and suggesting many recommendations to imple-
ment both TRACES and current European law on the
protection of animals during road transportation.

Conclusions

Overall, this study documented that almost half of the
TRACES approved for transporting cattle from France
to an lItalian Province (Bari) and Greece were inad-
equately filled in and contained many irregularities.
Based on our analysis of the TRACES, we suggest that
the system would improve by adding the category of
the animals, since all important parameters, such as
maximal journey duration, resting stops and space
allowance, depends on it. The system could also be
implement enforcing that all the data currently pre-
sent in the TRACES are filled in correctly allowing OVs
to double-check them accurately before their
approval. Further studies are needed analysing a larger
dataset of TRACES, but for doing it, all data related to
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animal transportation should be transparent and
open access.
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