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ABSTRACT

Individual recording of feed intake of animals ealsn groups is essential to improve feed efficjenc
in breeding programs and also for research ontrautrifeeding behaviour, health and animal welfare.
We have designed and manufactured 30 pieces ofafewllowing such recording. In this work, we
present the device, showing the type of raw dgtaoiluces as well as how this information is edited
Raw visits recorded are merged to meals at a rhtepproximately 0.6-0.65 (meals/visits), and
approximately 40-45% of the declared meals havecesgd null feed intake records. Thus, the
relatively high proportion of visits with misidefitation (25%) actually do not have serious
consequences since they involve short meals wiillalig no intake. In spite of the fact that we are
already working with the described device, thewgafe for editing information provided by the feeder
is still under development and improvement to iasee the quality of the feed intake recorded
information.
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INTRODUCTION

Up to date, there is no device for individual retiog of feed intake in rabbits housed in group# as
exists for other species such as pigs (Eistes., 1998). Nonetheless, having such device would be
highly relevant both to implement selection progsamased on direct measurements of feed efficiency
of animals in groups, and to conduct research iieBvregarding feeding behavior, nutrition or
welfare. Drouilhetet al (2016) have conducted two successful selectiper@xents to improve feed
efficiency on animals on restricted ad libitumfeeding regimes housed in individual cages. Howeve
Pileset al. (2017) have shown that social interaction effbetsveen cage mates contribute largely to
the total heritable variance of average daily galen growing rabbits are raised under restricted
feeding in groups, as it is the case of many pridndarms (Gidennet al, 2012). Ignoring those
effects in a breeding program for increasing ralbitwth or other traits is likely to have negative
consequences on the productive performance of ggpreibbits and eventually on animal well-being,
especially when the amount of food is limited. Efere, it is important to select animals under the
same conditions of feeding and housing as thosdieappn production farms for rabbit meat
production. With this aim, we have designed anceliged an electronic feeder that allows individual
recording of feed intake of group raised animaisthis communication, we show this device to the
rabbit research and breeding communities, desgribinv it works and the information it provides.

MATERIALS AND METHODS

Electronic feeder design description

Figure 1 presents a picture of the electronic feaustalled in polyvalent cages. The device is gthc

in the nest area, and it provides food to animedsnftwo connected cages. The feeder has two
components, an external part formed by a hoppédr avitelectronic screw in its base to direct thalfoo
to the trough that is fixed to a cell load. Theesscto the trough is through a polycarbonate turmel
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the tunnel there are two sensors: i) a movemeiht cel
to detect the animals entering or leaving the thoug
and ii) a radio frequency antenna used to read the
RFID (Radio Frequency Identification) tag that each
animal wears in the ear.

Animals and experimental design

At IRTA's rabbit farm we have 30 electronic

feeders, and they have been in use since early. 2017
o Mo In this period we have controlled feed intake of

= e around 4,500 kits and conducted different

Figure 1. Placement of the electronic feedemodifications both in hardware and structure of the

in a polyvalent cage device, as well as on the different software progra

involved in device management, data collection @ata edition. For the present study we analyze and
present results from records obtained in the last ¢ontrolled batches, October - November 2019
using animals from three different populationstHa first batch, half of the cages included 6 kits
cage and the other half of the cages had 7 matdsalbthe animals were feadl libitum.In the second
batch, all the cages included 6 kits, but halfhefinh were fecd libitum while the other half were fed
under restriction. The feed restriction can be i@ppby setting the electronic feeder to not provide
food during certain period of the day, in this cdsen 6 am to 6 pm. In both batches commercial
pelleted feed was used and the control period ethft8 d, from 42 to 60 d of age, at these two ages
individual body weight was manually recorded toeassbody weight gain. In addition, we have also
manually recorded group feed intake during thercbpieriod.

Feed intake recording and data processing

Every second, each electronic feeder sends thesspatthe different sensors to a dedicated MySQL
data base. i) The cell load sends the feed weigthteatrough, ii) the RF reader send information on
the last identified RFID tag as well as the val@i@ @aounter with the number of cumulated tag reads,
iii) The movement sensor send a binary signalciatitig whether the trough is occupied or not. This
raw information is automatically processed everyhddrs in order to define the different individual
visits to the trough during the last 24 hours atsb @ cumulate visit feed intake information to
generate individual daily feed intake records. Du¢he physical interaction between the rabbit and
the feeder trough, the weight signal is not stableis, for defining feed weight at the entrance aind
the exit of one particular rabbit it is neededderitify the periods in which the trough is not quedl
and weight signal is stable (with a measurementiracy of 1 g). The definition of the individual
visits to the trough is done in two steps. In arigal step, visits are defined just by the changiethe
binary variable that generates the movement sefreon, “free” to “occupied” (start of a visit) and
from “occupied” to “free” (the end of a visit). Bnsecond step, those properly identified raw vesies
aggregated when they consecutively belong to three snimal and between them the time interval is
lower than 30 seconds, we nhame this aggregated @isimeals. Note that in this definition the ietak
level is not consider; thus, meals with null intakdikely to occur. The identifications of meals in
which the read of RFID tag failed are predictedeldasn the probabilities associated to the different
animals entering the trough, given that in the jmmey meal the feeder is occupied by one known
animal. These probabilities are computed from mfmtion on consecutive meals having a proper
RFID tag identification. In the final edition stegt the end of the control period, average indigidu
feed intake over the control period is compute@rafémoving outliers which are mainly the result
from an incorrect use of the feeder (e.g. whengittsone leg into the trough). This is done byrfgta
third-degree polynomial model of the date, nestédimthe population to which the animals belong,
to the individual daily feed intake records, anértldeclaring outliers those records with an assatia
Cook’s distance (Cook, 1977) greater than 4 tinkes dverage. This outlier detection procedure
resulted in the declaration of 4-6% daily FI recas outliers in each batch (aprox. 100 out of®,20
In a last step, before daily feed intake averagihg,value of daily records declared as outliees ar
predicted using a random regression model, withsdmae fixed structure as that used for outlier
declaration, but also fitting an animal-specifierdhdegree polynomial regression on the day of
control.
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RESULTS AND DISCUSSION

The mean number of total daily raw visits to easbder trough when the animals are d&eldlibitum
ranged from 1,200-1,270 when 6 animals are rearazhch cage to 1,500 when 7 kits are placed in
each cage (Table 1). These figures were reduceteanly 60% when they were edited, merging
consecutive visits of the same animal to the trougt meals (Table 1). When the animals are fed
under restriction the average number of daily rasits/is lower, about 1,100. Under this feeding
regimen the number of edited meals is 65% of thel tumber of raw visits, a percentage larger than
when the animal were fedd libitum (57%). This difference reflects the fact that undestricted
feeding a more dynamic use of the feeder is doaeconsecutive visits trend to belong to different
animals more frequently when feed is provided umdstriction that when feed is providad libitum

Table 1. Count of raw visits and meals to the feeder troymgiicentages of meals with different feed
intake values and with valid identification

Batch 1 Batch 2

N of rabbits / cage - Feeding Regimen 6-V 7-V 6-R 6-V
N of raw visits per day 1271 1515 1091 1201

N of meals per day 722 889 717 683

Proportion meals to raw visits 0.58 0.59 0.65 0.57
Percentage of meals with FI (-1, 0] 42.2 41.5 45.8 40.0
Percentage of meals with FI (0,1] 27.7 29.5 30.8 30.5
Percentage of meals with FI (1,4] 17.3 16.9 13.7 17.7
Percentage of meals with FI (4,10] 6.6 6.1 4.5 6.4
Percentage of meals without identification 25.1 24.6 27.4 24.4

It is remarkable that 40-46% meals are recordedhaee non-positive feed intake values. The
maximum value for this percentage was observed wvilheranimals are fed under restriction. About
30% of the meals have associated feed intake redmtiveen 0 and 1 g. The percentage of meals with
feed intake between 1 and 4 g ranged from 13.7%/16%. Only in 5-6% of the meals intake was
greater than 4 g but smaller than 10 g. The radiigh percentage of meals with unknown individual
identification (between 24 and 27%) could be exmdi in association with the fact that 18%
misidentified meals last less than 2 seconds, garsentage in visits with a proper identificatien i
only 1.6%; thus, in these short visits the anindahtification cannot be properly done. As the dctua
intake in these short-misidentified visits is expecto be low, their impact on the total daily kda
computation would be just a slight downward biasnétheless, as it has been stated in material and
methods, we implement a

procedure to predict the
individual identification in
these sort-time visits to the
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Figure 2.- Number of meals per animal along the controlqokfor | feed intake lower than 4 g
three different levels of meal intake (red = (-1gbjeal, green =(0,4] ((FI=(0,4])) . (Figure 2). In

g/meal, blue=(4,50] g/meal) and number of cage s#s®lid=6,| the first four days of the
dotted=7). control period, an increasing
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pattern is observed in the number of meals witheeihon positive or lower than 4 grams feed intake,
reaching both 50-60 meals per day. For the restetontrol period the number of meals with non-
positive feed intake, i.e. zero Fl, showed a slighiuiction for both density levels. On the contréoy
meals having between 0 and 4 grams of intake diy®s$iend was observed, and this trend is stronger
for animals in groups of 7 than for groups of Gkiin the former case, at the end of the fattening
period, between 70-75 visits per day are reconddde in the second this figure is only about 65.
Overall, the observed correlation coeffiients betwenanually recorded cage daily feed intake, and
the cage average, defined from the individual d@bd intake recorded with the electronic feedes wa
0.71, in the first case the average was 172.7mddrathe second 171.9 g/d. Given the limited numbe
of cages by treatment (aprox. 15), it is not pdesib get accurate enough correlation estimates for
each treatment. Nonetheless, we can affirm thdy deowth when 7 animals are raised per cage got
penalized by 3.3 g/d with respect to the growtlaifmals in cages having 6 cage-mates (41.1 vs 44.4
g/d), daily feed intake was accordingly reducedmrl89 g/d in cages with 6 kits, to 183 g/d in age
with 7 kits. Daily growth under restricted feedimgthe second batch was 32.2 g/d while the growith o
animals raised under full feeding in the same batak 41.5 g/d. This difference is consequence of a
feed restriction of approximately 15% (1-(143/166)0) obtained by only allowing feed provision
during only 12 hours per day.

CONCLUSIONS

An electronic feeding device has been designed,ufaatured, and it is currently in use in our
selection farm to obtain individual records of faethke in rabbits raised in groups. The software t
edit the information recorded by the device id stider improvement and development, but until now
a large amount of information has been obtaineé. Mimber of raw visits to the feeder is importantly
reduced when they are merged to meadsconsecutive visits of the same animal to theghotEven
after this merging, the majority of meals declaaee not relevant since they comprise null Fl values
The consequences of a relative large proportiamisidentified visits are not important since theg a
majorly associated to short meals with null feadke. Both cage density and feeding regimen have
important consequences for meal distribution past@nd final animal performances.
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