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Abstract

:

The aim of the experiment was to investigate the use and effect of a new beak-abrasive material not yet examined on mortality of non-beak trimmed laying hens of different genotypes housed in an alternative pen. The study was performed on 636 females belonging to three genotypes of Bábolna TETRA Ltd. (a1 = commercial brown layer hybrid (C); a2 = purebred male line offspring group (maternal); a3 = purebfigure ed female line offspring group (paternal)). A total of 318 hens, i.e., 106 hens/genotype distributed in six pens (53 hens/pen), were evaluated. Cylindrical beak-abrasive blocks of 5.3–5.6 kg were suspended (0.1–0.4 mm diameter gravel, limestone grit, lime hydrate, and cement mixture) in six alternative pens. In six control pens without abrasive material, 318 hens, i.e., 106 hens/genotype (2 pens control group/genotype, i.e., C1 = commercial brown layer hybrid, C2 = purebred male line offspring group, C3 = purebred female line offspring group; 53 hens/pen;) were placed where there were no beak-abrasive materials. The rate of change in the weight of the beak-abrasive materials and the mortality rate were recorded daily. In the six pens equipped with beak-abrasive materials, infrared cameras were installed, and 24 h recordings were made. The number of individuals pecking the beak-abrasive material, the time and duration of dealing with the material were recorded. Data coming from one observation day are given. During the 13 experimental weeks of observation, the weight loss of beak-abrasives differed significantly in the different genotypes (a1 = 27.4%; a2 = 29.6%; a3 = 56.6%). During the only day analyzed, the hens from all the genotypes mostly stayed between 17:00 and 21:00 h in the littered scratching area where the beak-abrasive material was placed (a1 = 48.4%; a2 = 49.2%; a3 = 54.4%). In the case of each genotype, the rate of the hens dealing with beak-abrasives in the first two periods of the day was relatively low (0.2%–0.7%). Peaks of the activity were between 17:00 and 21:00 (a1 = 0.8%; a2 = 1.3%; a3 = 1.8%). The a3 dealt with the beak-abrasive materials to a significantly greater extent in the period from 13:00 to 17:00 (0.8%) and from 17:00 to 21:00 (1.8%) than the a1 (0.2% and 0.8%, respectively). Due to the use of the beak-abrasive materials, the mortality rate decreased the most in the genotypes that used them (a1 with beak-abrasive material 0.0% vs. C1 9.4%; a2 with beak-abrasive material 2.9% vs. C2 12.4%; a3 with beak-abrasive material) 15.4% vs. C3 5.7%). It can be concluded that the insertion of beak-abrasive materials increased the behavioral repertoire of hens, which is particularly beneficial from an animal welfare point of view. Further and longer-term research is needed to determine whether the insertion of the beak-abrasive material has a beneficial effect on the mortality data of the experimental groups through enrichment, either through physical abrasion of the beak or both.






Keywords:


laying hen; non-caged; non-trimmed; beak abrasion; behavior; aggressiveness; mortality












1. Introduction


The examination of the abrasive material is actual nowadays; that is why the alternative husbandry technologies are increasingly gaining prominence in European laying hen farming, in which the abandonment of beak trimming is encouraged [1]. In addition, a significant proportion of consumers want to eat eggs from a husbandry technology where the hens live in a larger area, in more stimulus-rich conditions, without beak trimming.



In general, those who advocate the preamble of alternative housing systems and the abandonment of beak trimming are referred to the behavior of wild hen species (junglefowl) in their natural environment. In its natural environment, one of the ancestors of domestic hens (Gallus gallus domesticus) is the red junglefowl (Gallus gallus or Gallus ferrugineus) searching for food, which is also assisted by the beak [2]. Their beaks constantly make contact with materials of different hardness in the environment while they search for food. This activity is carried out almost throughout the whole day, from which it follows that their beaks are subject to constant friction and wear.



This natural process does not apply in this form to layer hybrids kept in cages. They do not have to search for food, as it is at their disposal within a few meters, and they do not have the same substances in the cages as in nature for the wear of their beaks [3].



Laying hens in alternative housing systems usually live in large groups but in limited places and environments, and their lack of stimuli can lead to abnormal behaviors and cannibalism due to abandonment of the beak trimming.



Unfortunately, aggression and cannibalism may be higher in non-beak trimmed flocks, which may result in higher mortality rates, as well as higher rates of egg breakage and feed waste [4,5]. For this reason, beak trimming of hens is widely used [6,7], which solved these problems somewhat [8], both in alternative systems [9] and cage housing [10]. However, it should be mentioned that there are several negative effects of beak trimming. Beak shortening can cause tissue and nerve damage [11], which may result in abnormalities that may inhibit the hen from feathering [12,13,14,15] and feeding [16], furthermore may have a negative effect on body weight [17] and egg production. Moreover, the shortened beak is not fully capable of performing its function against ectoparasites [18,19,20]. These changes not only jeopardize the welfare of the hens but can also be a serious economic loss for the producers [21]. Partly because of these, beak trimming is now banned in Norway (1974), in Finland (1986), in Sweden (1988), and Denmark (2013) due to the pressure of animal welfare organizations, commercial interest groups, and certain sections of the consumers. Other countries, such as Germany (from 2017) and England (scheduled for 2025), have initiated voluntary agreements to phase out the practice of beak trimming. Belgium, Luxembourg, Switzerland have urged for stricter animal welfare laws. This practice was banned in Austria as early as 2013 and has been banned in The Netherlands since 1 September 2018 [1].



Based on these facts, it would be desirable to try other alternative solutions that facilitate beak wear and enrich the environment for laying hens, which can reduce the adverse effects of long sharp beaks on production. In addition, adequate environmental enrichment would also be important for laying hens, which can diversify the environment of the animals, thus broadening the behavioral repertoire and reducing the incidence of abnormal behaviors.



Without beak trimming, an excellent way to promote natural beak wear is inserting various beak-abrasive materials into the place where the animals are kept, which can simultaneously be an enriching element, an opportunity to reduce aggression and wear the beak.



Therefore, in our research, we aimed to investigate the use and effect of a new, hitherto unexamined beak-abrasive material on mortality and aimed to investigate the behavior and location during the different parts of the day for non-beak trimmed laying hens of different genotypes housed in an alternative pen.




2. Materials and Methods


The study was conducted at the Poultry Testing Station (Kaposvár, HU, Somogy) of the Kaposvár Campus Training and Experimental Plant of Hungarian University of Agriculture and Life Sciences, with a herd of three different genotypes of laying hens provided by Bábolna TETRA Ltd (Bábolna, Hungary). (a1 = commercial brown layer hybrid (K); a2 = purebred male line offspring group (maternal); a3 = purebred female line offspring group (paternal)) (Figure 1). The set numbers are: N = 636; n = 212 hen/genotype; 53 hen/pen. The laying hens were not beak trimmed. The barn typically had a temperature of 15–18 °C and humidity between 65% and 70%. Lighting of 16 h (continuously between 5:00 and 21:00; 30 LUX, warm white) per day was used during the experimental period. Laying hens were allowed to consume ad libitum commercially available hen feed (175.1 g/kg of CP, 39.8 g/kg of CF, 11.50 MJ of ME, 34.2 g/kg of Ca, 5.4 g/kg of P, 8 mg/kg of Cu, 80 mg/kg of Zn, 50 mg/kg of Fe, 100 mg/kg of Mn, 1 mg/kg of I, 0.3 mg/kg of Se) from 2 suspended hand-filled feeders (trough length: 120 cm) and drinking water from a suspended open water drinker (trough length: 120 cm) in each pen (Figure 2).



A total of 53 nineteen-week-old pullets (1041 cm2/hen) were housed in the 12 alternative pens, each with a floor area of 5.52 m2. In each pen, 1/3 of the floor space consisted of a scratching area littered with wood shavings, while the remaining 2/3 of the floor space consisted of an elevated plastic grid floor (Figure 2).



There were provided 14 laying nests with artificial grass placed on two levels per pen for the hens (3.8 hens/nest). In front of the laying nest row, 2 perches per level helped approach the nests. Cylindrical beak-abrasive blocks of 5.3–5.6 kg (0.1–0.4 mm diameter gravel, a mixture of limestone grit, lime hydrate, and cement) were hung above the scratching area (Figure 1) in six pens (2 pens/genotype) identified as a1, a2 and a3 for genotype. The beak-abrasive blocks were provided to us by Bábolna TETRA Ltd(Bábolna, Hungary). and were manufactured by the company itself. We adjusted the height of the beak-abrasive blocks so that their center fell into the back height of the laying hens. For each observed pen, we recorded daily the rate of block weight change (loss) and hens mortality rate of the abrasive. As a control group, no beak-abrasives were placed in 6 pens (2 pens control group/genotype, i.e., C1, C2, C3).



Infrared cameras (GeoVision Target(Budapest, Hungary) H.265 4.0 Mpixel outdoor IP Eyeball dome camera) were installed over the 6 pens equipped with abrasive materials, and 24 h recordings were made on the test week using special software (GeoVision GV-NVR System) (Budapest, Hungary).



Flock monitoring and data collection began at week 24 of life after 5 weeks of adaptation and production. To date, a total of 13 study weeks have been evaluated. On each study day, the location and activity of the hens within the pen were recorded and observed every quarter hours (96 times per day). In our research presenting the preliminary results, we have so far evaluated one day in two repeats per genotype, which meant the analysis of a total of (1 × 3 × 2 × 96 =) 576 recordings.



Analyzing the camera footage, we calculated the time proportion of hens spent in the laying nests, perch, plastic grid floor, and scratching area. In addition, we also recorded the activity of the birds in the different compartments, i.e., differentiated between eating, drinking, scratching, resting-feathering behavior, and the use of abrasive material.



The weight change of all beak-abrasive blocks was measured daily. For the pen paternal), which produced the greatest weight loss, a complete lighting period, i.e., 16 h were observed without interruption. The number of individuals ‘dealing’ with the beak-abrasive materials, the date and duration of dealing with the substance were recorded. Dealing with the beak-abrasive material means: The hens touch only the blocks with their beak to feed or any other reason.



Based on this, three categories were distinguished:




	
The individual’s attention is only drawn to one or two pecks, after which they continue to search for another activity;



	
The individual pecks more than two times, using the abrasive for 5–10 s;



	
The birds peck it several times and use it for at least 15 s.








The degree of abrasion of the beak-abrasive blocks, the location of the hens, and the distribution of different behaviors, as well as the mortality rate, were evaluated by the likelihood ratio test using the SPSS 10.0 software package.




3. Results and Discussion


3.1. The Degree of Weight Change of the Abrasive Materials


A statistically verifiable difference was observed in the extent of weight loss of the measured beak-abrasive materials between the examined genotypes (Table 1). The slightest weight loss was observed in the commercial hybrid; little more was measured in the maternal genotype. In contrast, for the paternal genotype, more than 56% of the abrasive material was depleted during the study period. In this period, the paternal genotype dealt the most with the beak-abrasive material and wore the largest proportion of it. This observation is strongly correlated with the results in Table 4, which show that this group had the lowest mortality.




3.2. Location and Behavior of Laying Hens, Dealing with Abrasive Material


In order to explore in more detail the background of the laying hen’s handling of beak-abrasive materials, we need to know the location of the animals in the pen at a given time of day because a higher degree of expression of the specific behavioral repertoires, characteristic for a given part of the pen, is expected when there is a greater presence of animals in it.



Table 2 shows the percentual distribution of laying hens between different parts of the laying hen house depending on genotype and time of day. For all the genotypes examined, it is clear that only in the last light period of the day, i.e., between 17:00 and 21:00, the laying hens were staying the most in the littered scratching area, where the beak abrasion material was also suspended. In the case of the paternal genotype, there were significantly more laying hens in the litter scratching area than on the grid floor, which is consistent with the data in Table 3 and Figure 3 and Figure 4. The only interesting difference in terms of location data is that the maternal genotype was much more in the scratching area during the dark period than the other two genotypes.



Overall, the laying hens frequently used the littered scratching area and also scratched there because the hen’s natural behavior and instinct include searching and scratching for food [22].



To determine the extent of dealing with beak-abrasive material, we gathered important information about the animals’ total daily behavioral repertoire, and this way, we assessed the extent to which this activity occurs relative to other behaviors. Moreover, the daily change and rhythm of each form of behavior also have an effect on the development of the handling of the beak-abrasive materials, as this activity satisfies a “secondary” need for poultry, as eating, drinking, and laying eggs are basic needs and behavior.



For all the studied genotypes, a statistically verifiable difference was obtained between the different behaviors for all periods, and daily fluctuations were also observed between the periods (Table 3). Interestingly, compared to other behaviors, dealing with the beak-abrasive material represents a significantly lower rate at most times of the day. For all genotypes, the usage of beak-abrasives in the first two periods of the day showed relatively low levels.



At that time, only 0.2–0.7% of the flock dealt with the beak-abrasive material on average. The peak of dealing with this fell on the time of the day from 17:00 to 21:00. From the data, it can be clearly seen that compared to the morning hours, the rate of usage of beak-abrasives increased four times in the case of the commercial hybrid, two and a half times in the case of the paternal genotype, and more than three times in the case of the maternal genotype. In the case of the paternal offspring group, the extent of dealing with the beak abrasion material had already exceeded the extent of staying in the laying nest during the last light hours of the day.



The paternal genotype dealt with the beak-abrasive material to a significantly greater extent during the days from 13:00 to 17:00 and from 17:00 to 21:00 than the commercial genotype, which also coincided with the data of the weight loss of the beak-abrasive materials. It can also be seen from Table 3 that the proportion of eating behavior was the lowest in the period from 17:00 to 21:00, so that the proportion of laying hens engaged in scratching and using beak-abrasive materials was increased during this period.



The use of beak-abrasive material showed daily fluctuations for all genotypes. Researching the background of the phenomenon, we examined in more depth the development of the use of the abrasive in the pen where the greatest weight loss (Paternal) was experienced since in this pen we had the opportunity to observe this activity the most (Figure 3).



The deal with the beak-abrasive material was observed first in the morning. It can be said that the abrasive block aroused the interest of mainly one individual at a time, less often two, and even less often three or four hens.



The duration of beak-abrasive material showed daily fluctuations also (Figure 4). In the morning, before 8:00 a.m., the feeders are usually empty, in which case the laying hens are hungry and, in addition to scratching, the beak-abrasive materials are also pecked. According to the work schedule, feeding takes place around 8:00 a.m.; when the animals concentrate on feed intake with rather high intensity, their activity is mainly determined by this. In this case, the number of individuals dealing with the abrasive material decreases significantly, and next time their number increased only after 17:00.



Mainly in the early morning hours before feeding, categories 1, 2 were typical, i.e., the hens showed a lower level of interest in the abrasive, which means that they pecked up to one or two and used them for about 10 s. Similar to Figure 3, not only did the number of individuals dealing with abrasive material increase after 16:00, but also the duration of treatment with abrasive material. At that time, the hens used abrasive materials more frequently and longer. In the evening hours, i.e., after 19:00, category 3 was predominantly observed.




3.3. Mortality of Laying Hens Depending on the Use of the Beak Abrasion


In terms of mortality, a significant difference was observed between the genotypes, both in pens with and without beak abrasion material (Table 4). In the case of the commercial hybrid and the paternal genotype, mortality was significantly lower in pens using beak-abrasives, presumably because this enriching element was used by the animals, which could reduce aggression toward each other and cannibalism, and thus, the resulting mortality was also reduced. This enrichment had a positive effect on laying hens, as noted by some researchers [23,24]. We came to similar results as another study [25], where, as an environmental enrichment, brightly colored bottles, balls, and rattles were placed among the laying hens, the hens began pecking them with their beaks, an activity that reduced the stress accumulated in the animals and helped to reduce their excess energy, aggression toward each other.



In contrast, the maternal genotype had three times the mortality rate in pens equipped with abrasive material than in the control groups (C2). The commercial hybrid had no mortality in pens with beak-abrasive material, and the paternal genotype had only a quarter of what was experienced in the control flock (C3).





4. Conclusions


Based on the results of the study, it can be concluded that the insertion of beak-abrasive materials increased the behavioral repertoire of hens, which is particularly beneficial from an animal welfare point of view. This enriching element has been used extensively by animals, probably because the beak-abrasive material has aroused the interest of the birds, occupied them while consuming its ingredients. During the study period, the weight loss of the abrasive material was the highest in the paternal genotype (56.6%), which was significantly higher than in the maternal line (29.6%) and the commercial hybrid (27.4%). Presumably, the reason for this is to be found in the different genetic backgrounds of the studied herd, in their different blood temperatures. The scratching area, where the beak-abrasive material was suspended, was most used by laying hens in the time interval from 17:00 to 21:00. In the period from 17:00 to 21:00, the hens used the beak-abrasive materials the most, because the proportion of other behaviors has already decreased by this period, as the laying of eggs were mainly in the morning, the feed runs out of feeders, that is why the eating and drinking are greatly reduced. The duration of the dealing with the abrasive material showed fluctuations during the day. In the morning, there was less interest in the abrasive before feeding, while after 16:00, the animals were more and more often used the abrasive material, even for periods longer than 15 s. Based on the phenomenon, it can be stated that within a day, over time, the length of use of the beak wearer increased. Insertion of the beak-abrasive material reduced mortality in genotypes that used them to a higher extent (commercial hybrid, paternal offspring group) of beak-abrasives because they produced significantly fewer mortality than their counterparts in the control group. Based on the preliminary results, it is clear that a full evaluation of several study days is needed to gain further and deeper conclusions. Consideration should be given to the use of an object of a different composition or enrichment that provides a better understanding of the background of poultry behavior during alternative housing of hens, as full open-air housing solutions are not available due to the risk of avian influenza and the cost of free-range. Further and longer-term research is needed to determine whether the insertion of the beak-abrasive block into the scratching area has a beneficial effect on the mortality data of the experimental groups through enrichment, either through physical abrasion of the beak or both.
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Figure 1. Experimental stocks with three different genetic backgrounds (commercial hybrid (left), purebred offspring of maternal (in the middle) and paternal lines (right)). 
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Figure 2. Infrared camera installed in the pen; HD-quality recording; pen interior layout with suspended beak wear material. 
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Figure 3. Changes in the number of laying hens using beak-abrasives at different times of the day for the paternal genotype. 
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Figure 4. Changes in the duration of dealing with abrasive material at different times of the day in the case of paternal genotype. 
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Table 1. Extent of weight loss of beak-abrasive materials in the case of different genotypes over a 13-week study period (%).
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	Commercial Hybrid a1
	Maternal a2
	Paternal a3
	Prob.





	Extent of weight loss
	27.42 a
	29.60 b
	56.61 c
	<0.001







a, b, c indicate significant differences among the different genotypes (p < 0.05).
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Table 2. Percentual distribution of laying hens among different parts of the pen depending on genotype and time of day (%).






Table 2. Percentual distribution of laying hens among different parts of the pen depending on genotype and time of day (%).





	
Periods of the Day

	
Distribution of Location Choice of Laying Hens, %




	
In the Nest

	
On the Perches

	
On the Plastic Grid Floor

	
Littered Scratching Area

	
Prob.






	

	
Commercial hybrid a1




	
5:00–9:00

	
5.4 aD

	
6.5 aC2

	
48.6 cA

	
39.5 bB1

	
<0.001




	
9:00–13:00

	
2.7 aC2

	
7.4 bC3

	
52.5 dB1

	
37.4 cB

	
<0.001




	
13:00–17:00

	
0.0 aA1

	
6.7 bC3

	
54.2 dB2

	
39.0 cB1

	
<0.001




	
17:00–21:00

	
0.7 aB2

	
3.9 bB2

	
47.0 cA

	
48.4 cC1

	
<0.001




	
21:00–5:00

	
1.9 aC2

	
2.8 bA3

	
87.7 dC2

	
7.5 cA1

	
<0.001




	
Prob.

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
-




	

	
Paternal a2




	
5:00–9:00

	
4.0 bD

	
2.4 aC1

	
47.8 cB

	
45.8 cC2

	
<0.001




	
9:00–13:00

	
1.5 aC1

	
1.9 aBC1

	
56.8 cC2

	
39.7 bB

	
<0.001




	
13:00–17:00

	
0.2 aB2

	
1.7 bBC1

	
50.4 cB1

	
47.7 cC3

	
<0.001




	
17:00–21:00

	
0.1 aB1

	
1.3 bB1

	
44.2 cA

	
54.4 dD2

	
<0.001




	
21:00–5:00

	
0.0 aA1

	
0.0 aA1

	
87.4 cD2

	
12.6 bA2

	
<0.001




	
Prob.

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
-




	

	
Maternal a3




	
5:00–9:00

	
5.1 aC

	
5.9 aC2

	
47.9 cAB

	
41.1 bAB1

	
<0.001




	
9:00–13:00

	
4.1 aC3

	
5.2 aC2

	
50.1 cB1

	
40.5 bAB

	
<0.001




	
13:00–17:00

	
1.6 aAB3

	
4.8 bBC2

	
50.2 dB1

	
43.4 cB2

	
<0.001




	
17:00–21:00

	
1.0 aA2

	
3.6 bB2

	
46.3 cA

	
49.2 cC1

	
<0.001




	
21:00–5:00

	
1.9 aB2

	
1.9 aA2

	
56.3 cC1

	
39.8 bA3

	
<0.001




	
Prob.

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
-








a, b, c, d indicate significant differences among the different parts of the pen (p < 0.05); A, B, C, D indicate significant differences among the different periods of the day (p < 0.05); 1, 2, 3 indicate significant differences among the different genotypes (p < 0.05).
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Table 3. Distribution of different behaviors (%) in several parts of the pen depending on genotype and period of the day.
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Distribution of Different Behavioral Forms of Laying Hens, %

	




	
Periods of the Day

	
Staying at Nests

	
Staying on Perches

	
On the Plastic Grid Floor

	
On the Littered Scratching Area

	




	
Eating

	
Drinking

	
Resting, Feathering

	
Total

	
Eating

	
Scratching

	
Resting, Feathering

	
Usage of Beak-Abrasive Material

	
Total

	
Prob.






	
Commercial hybrid a1

	




	
5:00–9:00

	
5.4 cdD

	
6.5 dC2

	
4.3 bcC1

	
1.5 bB

	
42.7 gB2

	
48.6 A

	
3.5 bB1

	
15.4 eBC2

	
20.3 fD1

	
0.2 aB

	
39.5 B1

	
<0.001




	
9:00–13:00

	
2.7 bC2

	
7.4 dC3

	
10.6 eD1

	
4.0 cC2

	
37.9 hA2

	
52.5 B1

	
6.8 dD2

	
17.1 gC2

	
13.4 fB1

	
0.2 aB

	
37.4 B

	
<0.001




	
13:00–17:00

	
0.0 aA1

	
6.7 dC2

	
4.1 cC2

	
3.0 cBC2

	
47.1 hC2

	
54.2 B1

	
9.6 eE2

	
13.4 fB

	
15.9 gC1

	
0.2 bB1

	
39.0 B1

	
<0.001




	
17:00–21:00

	
0.7 aB2

	
3.9 dB3

	
1.4 bcB1

	
2.2 cB

	
43.3 fBD

	
47.0 A

	
5.0 dC

	
20.9 eD2

	
21.6 eD1

	
0.8 abC1

	
48.4 C1

	
<0.001




	
21:00–5:00

	
1.9 bC2

	
2.8 cA3

	
0.0 aA

	
0.0 aA

	
87.7 eE2

	
87.7 C1

	
0.0 aA

	
0.0 aA

	
7.5 dA1

	
0.0 aA

	
7.5 A1

	
<0.001




	
Prob.

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
-




	
Paternal a2

	




	
5:00–9:00

	
4.0 cD

	
2.4 bC1

	
8.0 dC2

	
1.0 aB

	
38.7 gB1

	
47.8 B

	
3.4 bcB1

	
18.3 eC3

	
23.2 fC2

	
0.7 aC

	
45.8 C2

	
<0.001




	
9:00–13:00

	
1.5 bC1

	
1.9 bC1

	
18.8 eD2

	
3.2 cD2

	
34.8 fA1

	
56.8 C2

	
12.0 dD3

	
13.7 dB1

	
13.8 dA1

	
0.2 aB

	
39.7 B

	
<0.001




	
13:00–17:00

	
0.2 aB2

	
1.7 cC1

	
2.3 cB1

	
1.8 cBC1

	
46.4 fC2

	
50.4 B1

	
15.0 dE3

	
13.9 dB

	
18.0 eB1

	
0.8 bC2

	
47.7 C3

	
<0.001




	
17:00–21:00

	
0.1 aB1

	
1.3 bB1

	
2.3 cB2

	
1.9 bcC

	
40.0 fB

	
44.2 A

	
5.2 dC

	
23.4 eD2

	
24.0 eC12

	
1.8 bcD2

	
54.4 D2

	
<0.001




	
21:00–5:00

	
0.0 aA1

	
0.0 aA1

	
0.0 aA

	
0.0 aA

	
87.4 cD

	
87.4 D2

	
0.0 aA

	
0.0 aA

	
12.6 bA2

	
0.0 aA

	
12.6 A2

	
<0.001




	
Prob.

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
-




	
Maternal a3

	




	
5:00–9:00

	
5.1 bC

	
5.9 cC2

	
3.9 bC1

	
0.7 aB

	
43.3 eB2

	
47.9 AB

	
6.0 bC2

	
9.8 cB1

	
24.9 dB2

	
0.4 aB

	
41.1 AB1

	
<0.001




	
9:00–13:00

	
4.1 cC3

	
5.2 cdC2

	
10.7 eE1

	
1.5 bC1

	
37.9 hA2

	
50.1 B1

	
3.5 cB1

	
14.9 fD12

	
21.9 gA2

	
0.2 aB

	
40.5 AB

	
<0.001




	
13:00–17:00

	
1.6 bAB3

	
4.8 cC2

	
5.5 cD2

	
1.9 bC1

	
42.8 fB1

	
50.2 B1

	
6.1 cC1

	
12.3 dC

	
24.6 eAB2

	
0.4 aB12

	
43.4 B2

	
<0.001




	
17:00–21:00

	
1.0 aA2

	
3.6 cB2

	
2.7 bcB2

	
2.1 abC

	
41.5 gB2

	
46.3 A

	
5.9 dC

	
16.8 eD1

	
25.1 fB2

	
1.3 aC12

	
49.2 C1

	
<0.001




	
21:00–5:00

	
1.9 bB2

	
1.9 bA2

	
0.0 aA

	
0.0 aA

	
56.3 dC1

	
56.3 C1

	
0.0 aA

	
0.0 aA

	
39.8 cC3

	
0.0 aA

	
39.8 A3

	
<0.001




	
Prob.

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
-








a, b, c, d, e, f, g indicate significant differences among the different behavioral forms (p < 0.05); A, B, C, D, E indicate significant differences among the different periods of the day (p < 0.05); 1, 2, 3 indicate significant differences among the different genotypes (p < 0.05).
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Table 4. The change in the mortality rate in pens with or without abrasive materials in the case of different genotypes during the 13-week study period (%).
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	Commercial Hybrid a1
	Maternal a2
	Paternal a3
	Prob.
	Total





	Pen with abrasive material
	0.00 a
	15.38 b
	2.91 a
	<0.001
	6.07



	Pen without abrasive material
	9.43
	5.71
	12.38
	0.246
	9.18



	Prob.
	0.001
	0.023
	0.011
	-
	0.142



	Total
	4.72
	10.53
	7.69
	0.081
	7.63







a, b indicate significant differences among the different genotypes (p < 0.05).
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