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Industry Summary 

Background: Tail biting is a common problem in swine production. Tail biting not only causes economic losses 

for pork producers, but also results in major negative implications for welfare of pigs. Currently, the common 

method to prevent tail biting is tail docking. While tail docking reduces incidence of tail biting, it does not 

eliminate the problem completely. Because tail docking is a painful procedure for pigs, it is under scrutiny because 

of animal welfare concerns. In this project, we quantified the impact of tail docking and tail biting on the welfare 

and performance of pigs to evaluate the need for tail docking. 

Objectives were to: 1. compare incidence of tail biting among pigs with docked tails vs. intact tails; 2. investigate 

the development of tail biting behavior to predict outbreaks of tail biting; 3. evaluate the impact of tail biting on 

welfare and performance of victimized pigs and tail biters. 

Procedures: The project was conducted at the University of Minnesota West Central Research and Outreach 

Center in Morris, MN. Pigs (Yorkshire × Landrace × Duroc) in the control group were tail docked after birth, and 

pigs in the treatment group were left with intact tails. Pigs (n = 352) without any sign of tail damage were weaned 

into a confinement nursery barn and housed in 44 pens of 8 pigs each, with 20 pens housing pigs of the docked 

group and 24 pens housing pigs with intact tails. Pigs remained in the nursery barn for 5 weeks. At 9 weeks of 

age, 240 pigs with no tail lesions were moved to a confinement grower-finisher barn and housed in 8 pens (4 pens 

of docked pigs and 4 pens of pigs with intact tails) of 30 pigs each, where they remained for 16 weeks until they 

reached market weight (average weight = 278 lb). Pigs were weighed at birth, when entering and exiting the 

nursery barn, every 4 weeks in the growing-finishing barn, and at the conclusion of the study. Feed intake was 

recorded on a pen basis during both the nursery and growing-finishing periods. To accomplish objective 1, all 

pigs were assessed for tail damage at entry to the nursery barn, 2 weeks thereafter, and when exiting the nursery 

barn, and then at 3 days, 1 week, 2 weeks, 5 weeks, 8 weeks, 10 weeks, and 16 weeks after entering the growing-

finishing barn. Each pig was given a score of 0 to 4 depending on tail damage: score 0 = no damage; score 1 = 
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healed lesions without visible blood; score 2 = open wounds without signs of infection; score 3 = open wounds 

with signs of infection, or partial loss of the tail without signs of infection; score 4 = partial or total loss of the tail 

with signs of infection. Pigs in pens with outbreaks of tail biting were scored for tail damage daily starting on the 

day that the first pig with a tail score of 2 emerged. Since tail biting may be associated with ear biting and body 

sucking which can cause skin lesions, lesion scores on the ears and the body were assessed at the same time that 

tail scores were assessed during the growing-finishing period. Incidence and reasons for morbidity and mortality 

were recorded throughout the study. To achieve objective 2, behaviors of all pigs were video-recorded twice 

weekly for 13 weeks when pigs were 10 to 22 weeks of age. Our hypothesis to predict outbreaks of tail biting was 

that pigs will increase their activity levels before the outbreak. To test the hypothesis, 3 hours (one hour each in 

the morning, noon, and afternoon) of video recording on each recording day were analyzed for optical flow which 

measures movement of pigs in each pen. Meanwhile, behaviors of interest (tail biting, ear-biting, pig-directed 

behavior, eating, drinking, standing/walking, and lying) were analyzed through scan sampling of video-recordings 

at 5 min intervals. In addition, live observations were conducted for 2 hours per week for 4 weeks when pigs were 

17 to 21 weeks of age to record areas where tail biting occurred in a pen. To accomplish objective 3, tail biters, 

victimized pigs, and non-victimized pigs were defined during the growing-finishing period. Tail biters were 

identified through live observations 2 hours per day for two days, starting immediately after the first victimized 

pig emerged in a pen. Pigs identified to be biting tails of other pigs repetitively or obsessively were classified as 

tail biters. Pigs that had tail score 3 or 4 were classified as victimized pigs. Pigs that were neither tail biters nor 

victimized pigs were considered non-victimized pigs. Blood samples were collected from tail biters, victimized 

pigs, and non-victimized pigs from the same pen that housed victimized pigs for analysis of total serum protein, 

Ig-G, and substance P (pain indicator) concentrations. When pigs reached market weight, carcass weight was 

recorded at the packing plant for all pigs that were harvested. Incidence of subjective carcass trim loss was 

recorded. 

 

Findings: 

Objective 1: Tail docking reduced incidence and severity of tail damage in both nursery and growing-finishing 

pigs. During the nursery period, 2% of pigs with docked tails vs. 41% of pigs with intact tails had skin lesions 

(score 1 or greater) on their tails. None of the docked pigs were scored 2 or greater for their tail lesion, but 7% of 

undocked pigs were scored 3 or greater, suggesting that undocked pigs suffered from more severe tail damage 

than docked pigs. During the growing-finishing period, 48% of pigs with docked tails and 89% of pigs with intact 

tails had skin lesions on their tails at some time point, with 5% of docked pigs and 30% of undocked pigs scoring 

3 or greater. Tail docking did not affect weight gain or feed intake of pigs that survived to market. However, 

compared to pigs with docked tails, pigs with intact tails had higher morbidity. During the growing-finishing 

period, 5% of docked pigs and 21% of undocked pigs were removed for tail damage or tail biting. As a result, 

more pigs with docked tails (97% vs. 90%) were harvested without carcass trim loss at the packing plant than 

pigs with intact tails.  

Objective 2: During the growing-finishing period, tail docking reduced tail biting behavior. Pigs with docked tails 

spent less time tail biting (0.08% vs. 0.33% of observation time; P = 0.01) compared to pigs with intact tails. 

Outbreaks of tail biting started in pigs with intact tails when they were 11 weeks of age, which was 6 weeks earlier 

than pigs with docked tails. Pigs with intact tails decreased time spent lying and increased time spent 

standing/walking 3 days before and during the first outbreak of tail biting, which may be used for prediction of 

tail biting outbreaks among these pigs. Compared to pigs with docked tails, pigs with intact tails had greater 

average optical flow, indicating higher activity levels. In addition, optical flow measures of pigs with intact tails 
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changed according to outbreaks of tail biting. Average optical flow of intact pigs was increased during the 1st 

outbreak of tail biting compared to periods without outbreak. Results of the current study suggest that optical flow 

analysis might be a promising tool for monitoring activity levels of pigs and predicting outbreaks of tail biting 

among pigs with intact tails. Results from live observations indicate that tail biting events occurred most at the 

area near the pen perimeter (37% for docked pigs and 42% for undocked pigs), followed by the feeder area (37% 

for docked pigs and 26% for undocked pigs), and least at the drinker area (10% for both docked and undocked 

pigs). Previous studies have shown that tail biting may be alleviated by enriching the environment suggesting that 

a follow-up study should be conducted placing enrichment devices in locations where tail biting occurs most, 

such as near pen perimeters and feeders. 

Objective 3: Victimized pigs gained less weight between 17 and 21 weeks of age during which tail biting prevailed 

in this study. More victimized pig carcasses (7% vs. 1%) were trimmed for abscesses or other imperfections at 

the packing plant, resulting in a lower dressing percentage (74.5% vs. 76.3%; P < 0.05) compared with carcasses 

from non-victimizedpigs. There was no difference in birth weight, weaning weight, market weight, or overall 

weight gain during the finishing period among tail biters, victimized pigs and non-victimized pigs. Compared to 

victimized pigs and non-victimized pigs, tail biters had lower total serum protein (P = 0.01) and Ig-G (P = 0.01) 

concentrations suggesting that tail biters may suffer from compromised immune functions. For victimized pigs, 

total serum protein and Ig-G concentrations were elevated 5 days after tail damage suggesting that bitten tails can 

cause inflammation which in turn may lead to carcass abscesses. No differences in Substance P concentrations 

were detected among victimized pigs, tail biters, and non-victimized pigs. It is not clear whether tail damage did 

not cause much pain in the current study or Substance P was not sensitive enough to detect pain in tail-bitten pigs.   

Conclusions: Tail docking is an effective tool for preventing tail biting in pigs raised in confinement housing 

systems in the U.S. Without tail docking, pigs in our study experienced tail damage more frequently and more 

severely, resulting in increased morbidity rate. While tail damage did not affect overall weight gain or market 

weight of pigs that survived, pigs with tail damage were more likely subject to carcass trim loss and reduced 

dressing percentage compared to pigs without tail damage. Pigs with intact tails displayed more tail biting 

behavior than pigs with docked tails. Pigs with intact tails started outbreaks of tail biting at a younger age 

compared to pigs with docked tails. Pigs with intact tails increased their activity levels 3 days before and during 

the first outbreak of tail biting. Optical flow technology can detect activity levels of pigs, and might be a promising 

tool for prediction of outbreaks of tail biting in pigs with intact tails. Victimized pigs with damaged tails 

experienced inflammation which may lead to carcass abscesses and trim loss. Tail biters had lower Ig-G and 

serum protein concentrations, suggesting that they may suffer from compromised immune functions which in turn 

might predispose them to tail biting. Tail biting events occurred most frequently at areas of pen perimeters and 

near the feeder where enrichment devices to alleviate tail biting could be placed. 

Key words: behavior, pain, performance, pigs, skin lesion, tail biting. 

 

Contact details: Yuzhi Li, yuzhili@morris.umn.edu; office: 320-589-1711 

 

Abstract 

A study was conducted to compare performance, behavior, and welfare between pigs with docked tails and pigs 

with intact tails. Three hundred and fifty two pigs with no sign of tail damage weaned at 4 weeks of age (initial 

wt = 17.3 ± 3.7 lb) were housed in 42 pens of 8 pigs for 5 weeks in a nursery barn. Twenty pens housed pigs with 
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their tails docked at birth, and the other 24 pens housed pigs with their tails intact. At 9 weeks of age, pigs without 

any tail damage (n = 240, initial wt = 56.6 ± 6.4 lb) were transferred to a growing-finishing barn and housed in 8 

pens of 30 pigs for 16 weeks until they reached market weight (avg wt = 278 lb), with 4 pens each housing pigs 

with docked or intact tails. Pigs were weighed at birth, when entering and exiting the nursery barn, every 4 weeks 

in the growing-finishing barn, and at the conclusion of the study. Feed intake was recorded on a pen basis during 

the same period. All pigs were assessed for tail damage at entering the nursery barn, 2 wks thereafter, and exiting 

the nursery barn, and then d 3, wk 1, wk 2, wk 5, wk 8, wk 10, and wk 16 after entering the growing-finishing 

barn, using a 0 to 4 scoring system (0 = no damage; 1 = healed lesions without visible blood; 2 = open wounds 

without signs of infection; 3 = open wounds with signs of infection, or partial loss of the tail without signs of 

infection; 4 = partial or total loss of the tail with signs of infection).  Pigs in pens with outbreaks of tail biting 

were scored for tail damage daily, starting on the day that the first pig with a tail score of 2 emerged. Lesion 

scores on the ears and body were assessed at the same time that tail scores were assessed during the growing-

finishing period. Incidence and reasons for morbidity and mortality were recorded throughout the study. 

Behaviors of pigs in each pen were video-recorded twice a week for 13 weeks when pigs were 10 to 22 weeks of 

age. Video-recordings were analyzed for optical flow which measures movement of pigs in each pen. Meanwhile, 

behaviors of interest (tail biting, ear-biting, pig-directed behavior, eating, drinking, standing, and lying) were 

analyzed through scan-sampling of video-recordings at 5 minute intervals. In addition, live observations of pig 

behavior were conducted for 2 hours per week for 4 weeks when pigs were 17 to 21 weeks of age to record areas 

where tail biting occurred in the pen. During outbreaks of tail biting, tail biters were identified through live 

observations 2 hours per day for two days, starting immediately after the first pig with tail score 2 emerged in a 

pen. Pigs that had tail score 3 or 4 were considered victimized pigs. Pigs that were neither tail biters nor victimized 

were classified as non-victimized pigs. Blood samples were collected from tail biters, victimized pigs, and non-

victimized pigs from the same pen that housed victimized pigs for analysis of total serum protein, Ig-G, and 

substance P concentrations. When pigs were marketed, carcass weights were recorded at the packing plant for all 

pigs. Incidence of subjective carcass trim loss was noted. During the nursery period, 2% of pigs with docked tails 

and 41% (P < 0.001) of pigs with intact tails had skin lesions (score 1 or greater) on their tails. During the growing-

finishing period, 48% of pigs with docked tails and 89% (P < 0.001) of pigs with intact tails had lesions on their 

tails at some time, including 5% of docked pigs and 30% of intact pigs that scored 3 or greater. Tail docking did 

not affect weight gain or feed intake of pigs that survived to market. However, 5% of docked pigs vs. 21% (P < 

0.001) of intact pigs were removed to hospital pens due to tail damage or tail biting. Ninety percent of intact pigs 

vs. 97% of docked pigs (P = 0.14) were harvested at the packing plant for full value. For pigs that were harvested, 

there was no difference in carcass weight or dressing percentage between pigs with docked tails and pigs with 

intact tails. Pigs with intact tails spent more time tail biting (0.33% vs. 0.08%; P = 0.01) and eating (15.0% vs. 

13.5%; P = 0.01), and less time lying (63.7% vs. 67.6%; P < 0.0001) and drinking (1.2% vs. 1.8%; P = 0.01), and 

tended to spend less time standing/walking (15.5 vs. 17.0%; P = 0.08) compared to pigs with docked tails. 

Outbreaks of tail biting started in pigs with intact tails when they were 11 weeks of age, which was 6 weeks earlier 

than docked pigs. Pigs with intact tails decreased time spent lying and increased time spent standing/walking 3 

days before and during the first outbreak of tail biting, which may be used for prediction of tail biting outbreaks 

among these pigs. Compared to pigs with docked tails, pigs with intact tails had greater average optical flow (8.15 

vs. 6.88, SE = 0.42; P = 0.03), indicating higher activity levels. In addition, average optical flow for pigs with 

intact tails was increased during the 1st outbreak of tail biting (14.6 vs. 6.9, SE = 0.73; P < 0.0001) compared to 

periods without tail biting, indicating increased activity level during the first outbreak of tail biting. Tail biting 

events were observed most at the area near pen perimeters (37% for docked pigs and 42% for intact pigs), followed 
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by the feeder area (37% for docked pigs and 26% for intact pigs), and least at the drinker area (10% for both 

docked and intact pigs). Victimized pigs gained less weight between 17 and 21 weeks of age when tail biting 

prevailed in this study. Carcasses trimmed at the packing plant were greater for victimized pigs (7% vs. 1%), 

resulting in a lower dressing percentage (74.5% vs. 76.3%; P < 0.001) compared to pigs that did not have tail 

damage. There was no difference in birth weight, weaning weight, market weight, or overall weight gain among 

tail biters, victimized pigs, and non-victimized pigs. Compared to victimized pigs and non-victimized pigs, tail 

biters had lower total serum protein (P = 0.01) and Ig-G (P = 0.01) concentrations indicating that tail biters may 

suffer from poor immune functions. For victimized pigs, total serum protein and Ig-G concentrations were 

elevated 5 days after tails were injured suggesting that tail damage can cause inflammation which may lead to 

carcass abscesses and trim loss. No differences in Substance P concentrations were detected among victimized 

pigs, tail biters, and non-victimized pigs.  Results of the current study indicate that tail docking is an effective 

tool for preventing tail biting in pigs raised in confinement housing systems in the U.S. Optical flow technology 

might be a useful tool for monitoring activity levels and prediction of tail biting outbreaks in group-housed pigs 

with intact tails.  

 

Introduction 

Tail biting has been a common problem in swine production for more than half a century (Schroder-Petersen and 

Simonsen, 2001). It causes considerable economic losses to pork producers and major welfare complications for 

pigs. The average prevalence of tail biting (as measured by percent pigs with damaged tails) was estimated to be 

around 3% to 5% for docked pigs and 6% to 10% for undocked pigs (EFSA, 2007). These estimates could be 

lower than the actual occurrence of tail biting at the farm level because most of the data came from slaughter 

plants where pigs with their tails healed or being culled on the farm may not have been recorded (Taylor et al., 

2012). In fact, the prevalence of tail biting can vary greatly from farm to farm, ranging from 0% to 16% for 

docked pigs (Kritas and Morrison, 2004; EFSA, 2007) and 3% to 35% for undocked pigs (Valros et al., 2004; 

EFSA, 2007).  

 

Tail biting is considered an abnormal behavior due to stress and frustration in the pig (Widowski and Torrey, 

2002; EFSA, 2007). External contributing factors to outbreaks of tail biting include: nutritional deficiencies, 

overcrowding, poor air quality, too hot, too cold, drafts, improper feeding, watering and lighting methods, floor 

type, and lack of  substrates that pigs can manipulate (Taylor et al., 2010; D’Eath et al., 2014). Internal 

contributing factors include genetics, sex, and age which can make pigs susceptible to distress or frustration 

(Taylor et al., 2010). The heritability of tail biting has been estimated to be high enough to allow for genetic 

selection against the behavioral trait (EFSA, 2007). For instance, there is evidence that lean tissue growth is 

correlated positively with tail biting suggesting that modern genetics with fast lean growth may be more prone 

than other genetics (Taylor et al., 2010). Female pigs are reported to perform more tail biting than male pigs, and 

male pigs are usually victims of tail biting with damaged tails (Widowski, 2002; Harley et al., 2014). However, 

sorting by sex did not reduce the incidence of tail biting (Zonderland et al., 2010). Tail biting usually occurs 

during the late growing-finishing period. In a study of pigs with intact tails, Statham et al. (2009) did not observe 

any tail biting outbreaks (defined as at least one pig in the pen had tail damage with visible blood, Zonderland et 

al., 2010) until the pigs reached 11 weeks of age suggesting that development of tail biting is associated with the 

growth process. In most cases, outbreaks of tail biting are triggered by a combination of multiple factors including 

both external and internal. Some contributing factors are considered more important than others, such as absence 

of substrates to manipulate, overcrowding at the feeder, and fully slatted floors (EFSA, 2007; D’Eath et al., 2014). 
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 While tail docking reduces incidence of tail biting, it is a painful procedure for the pig. Tail docking can cause 

moderate pain in pigs for both a short period (hours) during the tail docking procedure and for a long period (days 

and weeks) due to neuroma after the procedure (Meintjes, 2012; Herskin et al., 2015). Due to animal welfare 

concerns, tail docking on a routine basis is prohibited by the EU (European Union Directive 91/630/EEC). The 

overall objective of this project was to quantify the impact of tail docking and tail biting on the welfare and 

performance of pigs so as to evaluate the need for tail docking in swine production in the U.S. Specific objectives 

were: to compare the incidence of tail biting and tail damage among pigs with docked tails vs. intact tails; to 

investigate the development of tail biting behavior to predict outbreaks of tail biting; and to evaluate the impact 

of tail biting on welfare and performance of victimized pigs and tail biters. 

  

Materials and Methods 

The project was conducted at the University of Minnesota West Central Research and Outreach Center in Morris, 

MN. The Institutional Animal Care and Use Committee of the University of Minnesota reviewed and approved 

the experimental protocol for this project. 

  

Experimental treatments and management of pigs 

Pigs in the control group were tail docked, and pigs in the treatment group remained with their tails intact. Within 

24 h after farrowing, all piglets were weighed, teeth-clipped, ear-tagged, and injected with iron, and male pigs 

were castrated. At the same time, tail docking was performed randomly on half of the piglets within each litter 

with sex balanced and the other half of the litter remained with intact tails. Docking occurred 0.5 to 1 inch from 

the base of the tail (Widowski and Torrey, 2002). Piglets were weaned at 4 weeks of age and transferred to a 

confinement nursery barn. Each nursery pen housed 8 pigs on fully slotted plastic floors with floor space 

allowance of 3.7 ft2/pig excluding the space occupied by the feeder. The nursery pen was equipped with a 5-space 

dry feeder and a bowl drinker. Pigs stayed in the nursery barn for 5 weeks. At 9 weeks of age, pigs were moved 

to a confinement grower-finisher barn and housed in pens of 30 pigs on fully slatted concrete floors with the floor 

space allowance of 7.5 ft2/pig excluding the space occupied by the feeder. Each pen in the grower-finisher barn 

was equipped with 2 nipple drinkers and a 3-space dry feeder. All pigs had free access to standard diets formulated 

according to NRC recommendations (NRC, 2012) and water. PayLean or any other growth enhancing additive 

was not used throughout the grow-finish period to avoid any possible influences on behavior of pigs which might 

be related to tail biting. Room temperatures were maintained in the thermal neutral zones of pigs as much as 

possible and recorded by a Hobo Data Logger throughout the study. Lights in the barn were on for 8 hours daily 

in both nursery and finishing barns. 

  

Experimental design 

A randomized experimental design was used. Pigs (Yorkshire x Landrace x Duroc) farrowed by 37 sows within 

a week were assigned to the study. At weaning, 352 pigs without any sign of compromised health or tail damage 

were selected for the study. The pigs were sorted by experimental treatment, sex and weight. Within each weight 

category, pigs of same sex and same tail docking treatment were allocated randomly to 44 pens of 8 pigs in the 

nursery barn without consideration of litter origin. Two rooms designed identically in the nursery barn were used, 

each accommodating 10 control pens (5 pens of each sex) and 12 treatment pens (6 pens of barrows and 5 pens 

of gilts). Pigs remained in their designated pens for 5 weeks in the nursery barn. At 9 weeks of age, 240 pigs with 

equal number of barrows and gilts from each treatment that had no tail damage were selected for data collection 

during the growing-finishing period. Eight pens (15.5 ft×15.1 ft) in a room of the grower-finisher barn were used. 
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The eight pens consisted of 4 control pens and 4 treatment pens each accommodating 30 pigs. Pigs were sorted 

by weight and sex. Within each weight and sex category, pigs were randomly allocated to a pen to achieve equal 

number of barrows and gilts within each pen, and similar mean weight and variation (coefficient of variation) 

within control and treatment pens. Pigs remained in their designated pens until 25 weeks of age. When any pigs 

were removed from the study due to compromised health, they were weighed and the reason for removal were 

recorded. Meanwhile, the pen size was adjusted accordingly to maintain floor space allowance consistent 

throughout the study.   

  

Data collection 

Tail damage: Tail damage was assessed at nursery entry, 2 weeks thereafter, and nursery exit, and then at 3 days, 

1 week, 2 weeks, 5 weeks, 8 weeks, 10 weeks, and 16 weeks after entering the grower-finisher barn. Tail damage 

was assessed using a modified 0 to 4 scoring system based on the method of Kritas and Morrison (2004): score 0 

= no damage; score 1 = healed lesions without visible blood; score 2 = open wounds without signs of infection; 

score 3 = open wounds with signs of infection, or partial loss of the tail without signs of infection; score 4 = 

partial or total loss of the tail with signs of infection. Pigs were checked for tail damage through routine daily 

observation of animals. Once any pig with visible blood on a tail emerged in a pen, the pen was considered to 

have an outbreak of tail biting. Then, all pigs in the pen with an outbreak of tail biting were assessed for tail 

damage. Pigs with tail score 3 or 4 were removed to hospital pens as soon as they were found. The assessment of 

tail damage was conducted daily until all pigs in the pen achieved a tail score of 0 or 1.   

Skin lesions, morbidity, and mortality: Tail biting may be associated with other abnormal behaviors, such ear 

biting, flank sucking, and belly nosing (Brunberg et al., 2011) which can cause skin lesions in pigs. Therefore, 

skin lesions on the ears and the body were assessed for all pigs at the same time that tail scores were assessed. 

For assessment of skin lesions on the ears, a 0 to 3 scoring system was used: score 0 = no lesion; score 1 = healed 

lesion without visible blood; score 2 = open wounds without signs of infection; score 3 = open wounds with signs 

of infection. For assessment of skin lesions on the body, the body surface was divided by imaginary lines into 3 

zones: the head, the shoulders, and the remaining parts of the body as in a previous study (Li and Johnston, 2009). 

Each zone received a score based on the number of scratches on it: score 0 = no scratch, score 1 = 1 to 3 scratches, 

score 2 = 4 to 6 scratches, score 3 = more than 6 scratches. The possible minimum score of body lesion for each 

pig was 0 and the possible maximum was 18. Incidence of morbidity and mortality was recorded throughout the 

study including both the nursery and the growing-finishing periods. Once moved to hospital pens, pigs remained 

in the hospital pens until they were marketed or euthanized due to compromised welfare. 

  

Pain, stress and welfare of victimized pigs and tail biters: Victimized pigs of tail biting can suffer from pain and 

infection caused by injured tails. Tail biters may also endure stress and compromised welfare which lead them to 

tail biting (EFSA, 2007; Taylor et al., 2010). To evaluate effect of tail biting on pain, stress and welfare of these 

pigs, pigs were categorized into tail biters, victimized pigs, and non-victimized pigs during the growing-finishing 

period. Tail biters were identified through live observations (details described below) 2 hours per day for two 

days starting immediately after the first pig with visible blood on the tail emerged in a pen. Pigs that had tail score 

3 or 4 at any time point during the growing-finishing period were classified as victimized pigs. Pigs that were 

neither tail biters nor victimized pigs were considered non-victimized pigs. During outbreaks of tail biting, blood 

samples were collected from 11 tail biters, 30 victimized pigs, and 27 non-victimized pigs from the home pen of 

victimized pigs. For victimized pigs, blood samples were collected on the day when they were first scored 3 or 4 

for tail damage (d 1), and then d 3 and d 5 thereafter. Tail biters and non-victimized pigs were blood-sampled on 
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d 3 when tail biters were confirmed through 2 days of live observations. The non-victimized pigs were selected 

randomly with sex balanced from the home pen of victimized pigs. Two tubes (a serum tube and an EDTA tube) 

of 7 ml blood were collected from each pig using vacuum tubes through jugular venipuncture. Blood samples in 

serum tubes were used for measurement of total serum protein and Ig-G concentrations, and blood samples in 

EDTA tubes were used for analysis of substance P. To separate serum, blood in serum tubes was allowed to clot 

for 10-15 minutes at room temperature, and then centrifuged at 4 °C for 15 minutes at 1400 x g. Total serum 

protein and Ig-G were measured using a digital refractometer (Misco, Palm Abbe, U.S.A.). For analysis of 

Substance P concentrations, 1 mM benzamidine (a solution to stabilize enzyme and proteins) was added to each 

EDTA tube, and blood samples were placed on ice immediately after collection. Within 60 minutes after 

collection, blood was centrifuged at 4 °C for 15 minutes at 1500 x g. Plasma was extracted and transferred to 

cryo-vial tubes and stored at – 80 °C for further analysis. Plasma concentrations for substance P were analyzed 

using a double antibody system with a primary antibody vs. substance P (1:60,000) purchased from Phoenix 

Pharmaceuticals, (Burlingame, CA; Lot # 1286-1) and 125 I-substance P (20,000 cpm, Lot # BX62460) purchased 

from Perkin Elmer Inc (Waltham, Massachusetts, USA).  Methods of analysis were consistent with those 

previously described by Van Engen et al. (2014). Protease inhibitors EDTA (13 mM) and benzamidine (1 mM) 

were utilized in the radioimmunoassay. The range of detection for substance P was 10 - 640 pg/ml, with a 

coefficient of variation for intra assay variability of 7.4% and the inter assay variability of 18.1%.  

  

Growth performance: Pigs were weighed individually at birth, at weaning, at nursery exit, every four weeks in 

the grower-finisher barn, and at the conclusion of the study. The study ended when 10% of pigs reached 290 lb 

or greater at 25 weeks of age. Pigs in both hospital and test pens were weighed on the same day. Feed additions 

to each test pen (but not the hospital pens) were weighed and recorded. Excess feed in the feeder were weighed 

every four weeks at the time of weighing pigs. Average daily gain of individual pigs, average feed disappearance 

and gain to feed ratio in each pen were calculated for the nursery period, for each 4-week period in the grower-

finisher barn, as well as for the entire period of the growing-finishing period.  

 

Carcass weight, dressing percentage, and trim loss: Before marketing, all pigs, including pigs in the hospital 

pens, were assessed for tail lesion scores and tattooed for individual identification at the packing plant. For pigs 

that were harvested, carcass weights and trim losses were recorded and dressing percentage was calculated.  Pigs 

that were not harvested were also recorded.    

       

Behavior: To understand the development of tail biting and to predict tail biters, behavior of pigs was monitored 

twice (Monday and Friday) weekly for 13 weeks in the grower-finisher barn when pigs were between 10 and 22 

weeks of age. Each pen was fitted with a camera which covered the majority (80% to 90%) of the pen area. The 

cameras were connected to a computer equipped with a time-lapse DVR device and video-recording software 

(Geo Vision Multicam Digital Surveillance System V8.2; USA Vision Systems Inc., Irvine, CA). On video-

recording days, each pen was recorded for 7 hours starting from 9 AM. Among the 7 hours of video-recording 

each day, 3 hours of videos were used for analysis of optical flow.  Optical flow measured movement of pigs in 

each pen. The 3 hours of video consisted of 1 hour each in the morning (9 – 10 AM), at noon (12 – 1 PM), and in 

the afternoon (3 – 4 PM). Optical flow for pigs in each pen was analyzed by Dr. Dawkins’ lab at the Oxford 

University, Oxford, UK (https://opticflock.com). In addition, the same 3-hour video recordings were scanned at 

5 minute intervals to record behaviors of interest which included: lying, standing/or walking, eating, drinking, 

pig-directed behaviors other than tail biting, and tail biting as defined by Statham et al. (2009). At each scan, the 

https://opticflock.com/
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number of pigs performing behaviors of interest was recorded in each pen. Time spent on each behavior of interest 

was calculated by the number of pigs performing the behavior expressed as a percentage of total pigs in the view 

(Martin and Bateson, 1993).  

  

Live observations: Upon the first incidence (visible blood on a tail) of tail biting observed in a pen, live 

observations were conducted by trained researchers to identify and confirm tail biters. The observations were 

conducted for an hour in the morning and an hour in the afternoon for two consecutive days. During the 

observations, events of tail biting, and identifications of tail biters and pigs that were tail bitten were recorded. 

Tail biting was defined as a pig having the tail of another pig in its mouth and biting or pulling hard enough to 

cause a reaction in the other pig (Statham et al., 2009). Tail biters were recognized as frequently biting tails of 

other pigs which caused responses from recipient pigs. In addition, live observations of all pigs were conducted 

for 2 hours (10 AM – 12 PM) continuously per week for 4 weeks when pigs were between 17 and 21 weeks of 

age. All tail biting events and areas where tail biting occurred in a pen were recorded. Each pen area was divided 

by imaginary lines into four areas: 1). Pen perimeter (within 1.6 ft along the pen perimeter), 2). Feeder area (within 

1.6 ft of the feeder), 3). Drinker area (within 1.6 ft of the drinker), and 4). Open area (none of above).   

 

 

Data analysis 

The data were analyzed using the Frequency procedure, the Mixed procedure and the Glimmix procedure of the 

SAS software 9.4 (SAS Institute Inc., Cary, NC). The incidence of tail damage, distribution of tail lesion score, 

and morbidity data were analyzed using the Frequency procedure with the Chi-square analysis. All growth 

performance data were analyzed using the Mixed procedure with repeated measures for day of weighing. The rest 

of the data were analyzed using the Glimmix procedure. Within the Glimmix procedure, the Poisson regression 

model was used for analysis of count data (tail damage score and lesion score) and the Gaussian model was used 

for analysis of continuous data (total serum protein, Ig-G, substance P concentrations, optical flow measures, and 

behavioral time budget). For the data collected on all animals, the model included treatment (tail docking) and 

gender as fixed effects and pen as the experimental unit. For the data collected on focal animals (tail biters, 

victimized pigs, and non-victimized pigs), the model included pig category (biter, victimized or non-victimized) 

as a fixed effect, with the individual pig as the experimental unit. For the analysis of optical flow and behavioral 

time budget data, Glimmix models with repeated measures were used. The model include tail docking treatment, 

period according to tail biting outbreaks, time of the day (morning, noon, and afternoon) and their interactions as 

fixed effects, with pen as the experimental unit. Based on the video-recording schedule, 6 periods related to the 

occurrence of tail biting outbreaks were defined: 1) first outbreak 2) day 6 before the first outbreak, 3) day 3 

before the first outbreak, 4) any outbreaks after the first one, 5) day 6 and day 3 before outbreaks after the first, 

and 6) none of above serving as the period without outbreaks. Each period consisted of 3 hours of videos recorded 

in a day, except period 5 that consisted of 6 hours from 2 days. Differences between means were tested by the 

Adjusted Tukey test, and significant differences were identified at P < 0.05 and trends at P < 0.10.                    

       

Results 

During the nursery period, tail docking did not affect ADG or ADFI (Table 1). However, pigs with intact tails 

had better gain to feed ratio (0.70 vs. 0.67; P = 0.02) than pigs with docked tails. In addition, pigs with intact tails 

had a higher lesion score (0.52 vs. 0.02; P < 0.0001) on their tails compared to pigs with docked tails. Among the 

192 pigs with intact tails, 41% had skin lesions on their tails (scored 1 or greater) during the nursery period, 
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compared to 2% of pigs with docked tails (P < 0.0001; Table 2). No pigs with docked tails were scored 2 or 

greater for tail lesions. In contrast, 12% of pigs with intact tails were scored 2, and 7% were scored 3 or 4. These 

results indicate that tail biting and tail damage started at an early age in the nursery stage. Tail docking reduced 

both incidence and severity of tail damage caused by tail biting during the nursery period.       

  

During the growing-finishing period, tail docking did not affect growth performance of pigs that survived to 

market weight (Table 3). There was no difference in final weight, ADG or ADFI of pigs between treatment 

groups. Likewise, no difference in carcass weight or dressing percentage was observed between treatment groups. 

Furthermore, tail docking did not affect skin lesions on the body or ears of pigs. However, pigs with intact tails 

had higher tail lesion scores (0.46 vs. 0.08, P < 0.001) than pigs with docked tails which further confirms that tail 

docking reduced tail damage caused by tail biting. 

  

The distribution of maximal tail lesion score between treatment groups differed (Table 4). Over the 16 weeks in 

the grower-finisher barn, each pig was scored for tail lesions 7 to 25 times depending on whether tail biting 

occurred in its home pen. The maximal tail score represents the worst tail damage that was observed for a pig at 

any time. Among the 120 pigs with docked tails, 53% were never observed with any tail damage (tail score 0) 

throughout the entire growing-finishing period. In contrast, 11% of pigs with intact tails were never observed 

with tail damage over the same period. Twenty two percent of pigs with intact tails received a score of 2, 19% a 

score of 3, and 11% a score of 4 for tail damage. These results suggest that tail docking reduced not only incidence 

but also severity of tail damage in growing-finishing pigs. 

  

As a consequence of tail damage, more pigs with intact tails were removed to hospital pens (23% vs. 7%; P = 

0.001; Table 5) than pigs with docked tails. This included 21% of pigs with intact tails and 5% of pigs with docked 

tails removed for tail damage or tail biting. The number of pigs that were harvested for full value tended (P = 

0.14) to be lower for pigs with intact tails than pigs with docked tails. 

  

Throughout the growing-finishing period, 12 tail biters were identified during outbreaks of tail biting. Overall, 43 

pigs that had tail scores of 3 or 4 at any time point were rendered victimized pigs, and the remaining 185 pigs 

were categorized as non-victimized pigs. Thirty three percent of tail biters were barrows (Table 6; P = 0.01), while 

70% of victimized pigs and 47% of non-victimized pigs were barrows. This indicates that gilts were more likely 

to become tail biters, and barrows were more likely to become victimized pigs. Further comparisons among the 

three categories of pigs reveal that victimized pigs had lower ADG between week 17 and week 21 of age compared 

with tail biters and non-victimized pigs (P = 0.003). The reduced ADG of victimized pigs was associated with 

outbreaks of tail biting. During this 4-week period, 9 outbreaks of tail biting occurred in 6 pens which accounted 

for 56% of total tail biting outbreaks that occurred over the entire 16 weeks of the growing-finishing period. 

Simultaneously, 4 pens had more than 1 outbreak of tail biting over this 4 week period. Possibly, victimized pigs 

that were repetitively bitten might be reluctant to approach the feeder to eat causing reduced feed intake and ADG. 

No differences were detected in body weight at market, hot carcass weight, or ADG for the entire growing-

finishing period among the three categories of pigs. However, victimized pigs had lower dressing percentage 

(74.5% vs. 76.3%; P < 0.001) than non-victimized pigs. 
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Compared to non-victimized pigs and tail biters, fewer victimized pigs were sold for full value due to carcass trim 

loss, condemnation at the packing plant, or mortality (P = 0.04; Table 7). These results demonstrate that tail 

damage reduced the value of the market pigs. 

  

Tail biters had lower levels of total serum protein (P = 0.01; Table 8) and Ig-G (P = 0.01) concentrations than 

victimized pigs and non-victimized pigs. There were no differences in concentrations of total serum protein and 

Ig-G between victimized pigs and non-victimized pigs. Low levels of serum protein and Ig-G may indicate poor 

immune functions (Munsterhjelm et al., 2013a; Hao et al., 2015). Possibly, tail biters suffered from compromised 

immune function which predisposed them to tail biting. No differences in Substance P concentrations were 

detected among the three categories of pigs. 

 

For victimized pigs, total serum protein (P = 0.002; Table 9) and Ig-G (P = 0.002) concentrations were elevated 

on day 5 compared with day 1 and day 3 after their tails were injured. The elevated serum protein and Ig-G 

concentrations were signs of inflammation suggesting tails damaged from biting can cause inflammation in pigs. 

For victimized pigs, Substance P did not change over the 5-day period after tail damage. It is not clear whether 

tail damage did not cause much pain in the current study or Substance P was not sensitive enough to detect pain 

in pigs with damaged tails.  

  

During the 13 weeks when pigs were 10 to 22 weeks of age, four outbreaks of tail biting occurred in 3 pens of 

pigs with docked tails with one pen occurring twice (Fig. 1). Meanwhile 11 outbreaks of tail biting occurred in 2 

pens of pigs with intact tails, with one pen occurring 5 times and another 6 times. All tail biting outbreaks occurred 

when pigs were 11 weeks of age or older. Time spent tail biting by pigs with intact tails coincided with most 

outbreaks of tail biting. For instance, the first outbreak of tail biting occurred in pigs with intact tails when pigs 

were 11 weeks old and time spent tail biting was elevated (Fig. 1). Overall, tail biting outbreaks in pens of pigs 

with intact tails occurred over a period of 12 weeks during the growing-finishing period. In contrast, docked pigs 

spent less time tail biting than pigs with intact tails throughout the observation period. The first outbreak of tail 

biting in intact pigs occurred when pigs were 17 weeks of age, which was 6 weeks later than in the docked pigs. 

Then, another three outbreaks occurred when pigs were between 18 and 20 weeks of age. Overall, tail biting 

outbreaks occurred over a period of 4 weeks in the docked pigs which was 8 weeks shorter than in pigs with intact 

tails. These results further confirm that tail docking reduced tail biting behavior, and consequently, reduced 

outbreaks of tail biting in pigs. 

  

Optical flow measures are presented in Table 10 to 12. In general (Table 10), mean optical flow was affected by 

tail docking treatment (6.88 for the control group vs. 8.15 for treatment group, SE = 0.42; P = 0.03), period related 

to outbreaks of tail biting (before, during or after outbreaks; P < 0.0001), and time of the day (morning, noon or 

afternoon; P < 0.001). Other optical flow measures (variance, skewness, and kurtosis) were affected by period of 

tail biting outbreaks and time of the day in similar patterns of mean optical flow. There were interactions of 

docking treatment and period of tail biting outbreaks for all optical flow measures. 

 

Due to interactions of docking treatment and period of tail biting outbreaks on optical flow measures, effects of 

period of tail biting outbreaks on optical flow measures were examined separately for pigs with docked tails and 

intact tails (Table 11). For pigs with docked tails, no difference in optical flow measures was detected over the 

six periods of tail biting outbreaks, suggesting that activity levels of these pigs did not change with the occurrence 
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of tail biting outbreaks. In contrast for pigs with intact tails, optical flow measures changed over the periods of 

tail biting outbreaks. The mean optical flow reached the highest level during the first outbreak of tail biting 

compared to any other period (14.59 during first outbreak vs. 10.54 to 4.17 for other periods, SE = 0.73; P < 0.05). 

This suggests that pigs with intact tails increased their activity levels during the first outbreak of tail biting 

compared to any other periods. During the outbreaks after the first one, mean optical flow was decreased to a 

level similar to the period without outbreaks (7.24 vs. 6.92; P > 0.10). The mean optical flow during the period 

of 3 to 6 days before subsequent outbreaks was intermediate (10.54), which was lower than that during the first 

outbreak, but higher than that during the other outbreaks and the period without outbreaks. Other optical flow 

measures (variance, skewness, and kurtosis) for pigs with intact tails followed similar patterns of the mean optical 

flow over the periods of tail biting outbreaks.  

 

Optical flow measures were affected by time of the day (Table 12). The mean optical flow was lower at noon 

indicating that pigs were less active compared to morning and afternoon (P = 0.001).  Other optical flow measures 

were affected by time of day similarly to mean optical flow. 

   

Results of behavioral time budget for the same periods that optical flow was analyzed are presented in Table 13 

to 16. In general (Table 13), time of the day affected time budgets for all behaviors of interest (all P < 0.02), tail 

docking treatment affected time budgets for most behaviors of interest (all P < 0.01), except for pig-directed 

behaviors and standing (P = 0.08), and period of tail biting outbreaks affected time spent lying and standing (both 

P < 0.0001). There were interactions of tail docking and period of tail biting outbreaks on time spent lying, 

standing, and eating (all P < 0.01).  

 

Pigs with docked tails spent more time lying and drinking, and less time eating and tail biting, and tended to spend 

less time standing than pigs with intact tails (Table 14). This suggests that pigs with docked tails were less active 

and performed less tail biting behavior compared to pigs with intact tails.   

 

Within a day, pigs spent more time lying, and less time standing, eating, and performing pig-directed behaviors 

during noon than in the morning and afternoon (Table 15). This suggests that pigs were less active at noon than 

in the mornings and afternoons. In addition, pigs performed more tail biting behavior in the morning than at noon 

and in the afternoon. This indicates that tail biting mainly occurred when pigs were active in mornings. In contrast 

to more time spent on tail biting behavior, pigs spent less time drinking in mornings than in afternoons suggesting 

that pigs might replace their drinking behavior with tail biting behavior.  

        

Due to the interactions of tail docking and period of tail biting outbreaks, the effects of period of tail biting 

outbreaks on behavioral time budget were tested separately for pigs with docked tails and with intact tails (Table 

16). For pigs with docked tails, the period of tail biting outbreaks did not affect time budget for all behaviors of 

interest, except for standing which was greater 6 days before the first outbreak than during the other outbreaks. It 

is not clear what caused the difference in time spent standing between these two days. On the other hand, pigs 

with intact tails spent less time lying and more time standing/walking 3 days before and during the 1st outbreak 

of tail biting, compared to other periods over tail biting outbreaks, indicating that they were more active before 

and during the 1st outbreak of tail biting. In addition, pigs with intact tails spent more time eating and less time 

drinking during the 1st outbreak of tail biting compared to the period without outbreaks. Furthermore, pigs with 
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intact tails performed more pig-directed behaviors during the 1st outbreak, and tail biting behavior during other 

outbreaks compared with 3 to 6 days before other outbreaks.    

          

During the live observations when pigs were between 17 and 20 weeks of age, 111 and 206 tail biting events were 

observed for docked and intact pigs, respectively (Table 17). Most of the tail biting events occurred along pen 

perimeters and at the feeder area, together accounting for 74% and 68% of the total tail biting events in pens with 

docked and intact pigs, respectively. In contrast, tail biting events occurred less in the open area, and least at the 

drinker area. There was no difference in areas of tail biting occurrence between docked and intact pigs.   

  

Discussion 

The prevalence of tail damage observed in the current study is higher than results obtained from farm visits, 

surveys or data collected at packing plants (Valros et al., 2004; EFSA, 2007; Scollo et al., 2016). For instance, 

through farm visits and interviews with producers, Scollo et al. (2016) reported that only 0.09% and 0.26% of 

pigs with docked tails had tail damage during the nursery and growing-finishing periods, respectively. Likewise, 

Hunter et al. (2011) reported that 3.1% and 9.2% of docked and undocked pigs had tail lesions at the packing 

plant, and EFAS (2007) estimated that 3% to 5% of pigs with docked tails and 6% to 10% of pigs with intact tails 

had damaged tails. These numbers are much lower than our results. In the current study, 2% and 47% of docked 

pigs and 41% and 89% of pig with intact tails experienced tail damage during the nursery and growing-finishing 

periods, respectively. It is not surprising that data collected through farm visits or at the packing plants 

underestimated the incidence of tail damage because pigs that had minor tail injuries, such as pigs with tail score 

1, are usually overlooked. In the current study, 40% of docked pigs and 38% of intact pigs were scored 1 for tail 

lesions at some point during the growing-finishing period. These pigs probably would be undetected during farm 

visits or at the packing plant, resulting in underestimation of the incidence of tail damage. Similar to our results, 

Ursinus et al. (2014) reported that only 17% of pigs with intact tails in a confinement facility did not experience 

tail damage. Likewise, Paoli et al. (2016) reported that during the nursery period 2% of pigs with docked tails 

(agrees with our results), and 15% of pigs with intact tails (lower than our results) had tail damage. Although tail 

biting is sporadic and varies greatly from farm to farm and over periods, results of the current study, in agreement 

with some previous reports suggest that the average incidence of tail damage caused by tail biting could be higher 

than reported in some previous studies (EFSA, 2007; Taylor et al., 2012). 

  

The current study confirms that tail docking reduced but did not eliminate incidence of tail biting and tail damage. 

Clearly, pigs with docked tails were less engaged in tail biting, had fewer outbreaks of tail biting and fewer 

victimized pigs, compared to pigs with intact tails. These results were consistent with previous studies (Paoli et 

al., 2016; Scollo et al., 2016). The differences between the current study and other studies (Paoli et al., 2016; 

Scollo et al., 2016) were that we continuously monitored outbreaks of tail biting on a daily basis and recorded 

behavior of pigs at shorter intervals. This way we were able to match outbreaks of tail biting with behavioral 

changes in pigs. Our data show that pigs with docked tails, in general, had very low level of tail biting activity 

throughout the 13 weeks of observation period. These pigs had 4 outbreaks of tail biting during the growing-

finishing period, which started from 17-week old and spread over a period of 4 weeks. In contrast, pigs with intact 

tails had 11 outbreaks of tail biting during the same period, which started from 11-week old and spread over a 

period of 12 weeks. These results suggest that tail docking reduced the incidence of tail biting, delayed the initial 

occurrence of tail biting, and shortened the period over which tail biting outbreaks occurred.  
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We applied optical flow technology to investigate the development of tail biting in the current study. To our 

knowledge, this is the first study completed using optical flow measures to predict outbreaks of tail biting. Our 

results suggest that optical flow measures can detect changes in activity level among pigs. In general, results of 

optical flow measures were consistent with results of behavioral time budget of pigs in the current study. For 

instance, mean optical flow was higher in the mornings and afternoons than at noon suggesting that pigs were 

more active in the mornings and afternoons compared with noon. Consistently, results of behavioral time budget 

indicate that pigs spent less time lying and more time on activities such as standing/walking in the mornings and 

afternoons. Furthermore, the mean optical flow of pigs with intact tails was higher during the first outbreak of tail 

biting than during the period without outbreaks, which also coincided with pigs spending less time lying and more 

time standing/walking.  

 

To predict outbreaks of tail biting, we expected to detect increased activity levels of pigs before tail biting 

outbreaks according to the finding of Statham et al. (2009). For pigs with docked tails, no changes in either 

behavioral time budget or optical flow measures were detected, suggesting that outbreaks of tail biting could not 

be predicted through monitoring activity levels of these pigs. However, for pigs with intact tails, activity levels 

changed with the occurrence of outbreaks of tail biting. Pigs with intact tails were more active 3 days before and 

during the 1st outbreak of tail biting, as indicated by less time spent lying and more time spent standing/walking. 

The increased activity level was detected by optical flow measures during the first outbreak of tail biting, but not 

3 days before. The discrepancy between optical flow measures and behavioral time budget could be due to the 

quality of video-recording. Among the two pens with intact pigs that had tail biting outbreaks, only one pen was 

used for optical flow analysis on day 3 before the first outbreak due to bad quality of video-recordings of the other 

pen. The video of that pen was good enough for scan-sampling but not good enough for optical flow analysis. To 

prevent this problem in the future, daily video-recording may be necessary to avoid encountering such technical 

difficulties. In addition, it is essential to increase the number of pens that are video-recorded for optical flow 

analysis and tail biting study due to the unpredictable occurrence of tail biting outbreaks. Nevertheless, these 

preliminary results for pigs with intact tails support the finding of Statham et al. (2009) that pigs started increasing 

their activity levels a few days before outbreaks of tail biting which could be used for prediction of outbreaks of 

tail biting. Optical flow technology seems a promising tool for prediction of tail biting outbreaks by detecting 

changes in activity levels of pigs.  

 

In the current study, we observed that tail biting occurred most frequently in the areas of pen perimeter and near 

the feeder. Our observations indicate that pigs that received tail biting could be either lying or standing when 

being bitten. Tail biting usually occurred when recipient pigs were lying along the pen perimeter, resulting in high 

incidence in the pen perimeter area. On the other hand, tail biting also occurred frequently when recipient pigs 

were standing/walking in the feeder area. This may be because either the recipient pig or the tail biter were trying 

to gain access to the feeder. Although there was no difference in eating behavior between docked and intact pigs, 

the fact that tail biting occurred frequently in the feeder area may imply that competition to gain access to the 

feeder is a possible cause of tail biting. In agreement with our results, Larsen et al. (2016) concluded in a review 

that tail biting was not associated with eating behavior but related to activities at the feeder area. Similarly, several 

researchers (Taylor et al., 2010, D’Eath et al., 2014) have reported that tail biting is associated with overcrowding 

at the feeder. Since tail biting could be alleviated by environmental enrichment (ESFA, 2007; D’Eath et al., 2014), 

further research is needed to determine the value of placing enrichment devices in key locations where tail biting 

occurs, such as near pen perimeters and feeders.    
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In general, tail docking did not affect growth performance of pigs, except that pigs with intact tails had better gain 

efficiency than pigs with docked tails during the nursery period. The better gain efficiency for intact pigs was not 

expected, hard to explain, and may need further investigation. It is usually considered that tail docking does not 

affect growth performance of pigs, but only reduces the incidence of tail biting, as demonstrated in the current 

study during the growing-finishing period.  

 

As a consequence of tail biting, more pigs with intact tails were removed to hospital pens. This implies that raising 

pigs without tail docking may require more hospital pens and more barn space on the farm. In addition, pigs with 

intact tails tended to be sold for less than full value more frequently than pigs with docked tails. Adding all the 

consequences together, we could project that raising pigs without tail docking may increase the cost of production.  

  

In comparison of tail biters with victimized pigs, our data show that more gilts than barrows became biters, and 

more barrows than gilts became victimized pigs. Similar results have been reported in literature (EFSA, 2007). 

Data from packing plants (Keeling et al., 2012; Harley et al., 2014) suggest that male pigs have more skin lesions 

than female pigs and are more likely subject to carcass trim loss. It is suspected that tail biting may be related to 

sexual maturity, with gilts targeting big barrows as they enter the growing stage (Taylor et al., 2010). In addition, 

Taylor et al. (2010) suggested that tail biting can be a strategy that smaller pigs use to compete for feed or other 

resources in a pen. Although tail biters in the current study were smaller than victimized pigs at birth, at weaning, 

and at entering the growing finishing barn, the difference was not statistically significant due to the small number 

of tail biters identified. The numerical weight difference between tail biters and victimized pigs remained until 

when they were 21 weeks of age, which was attributed to lower ADG in victimized pigs between week 17 and 

week 21 when tail biting prevailed in the current study. The reduced ADG of victimized pigs may result from 

decreased feed intake. Pigs with injured tails may be reluctant to stand in front of the feeder where they can attract 

other pigs biting their tails. Wallenbeck and Keeling (2013) observed that victimized pigs visited feeders less 

often than other pigs, resulting in reduced ADFI. Likewise, Munsterhjelm et al. (2015) reported that pigs with tail 

biting lesions reduced feed intake before, during and after the period of being bitten, resulting in reduced ADFI. 

In an on-farm study, Sinisalo et al. (2012) reported that victimized pigs had 1% to 3% lower ADG than other pigs, 

but had no difference in feed efficiency, suggesting that the reduced ADG was attributed to reduced feed intake.   

  

In the current study, victimized pigs had lower dressing percentage, suggesting that they were subject to carcass 

trim loss possibly caused by abscesses. Bitten tails can cause not only carcass abscesses, but also morbidity and 

mortality in pigs. Marques et al. (2012) observed that the occurrence of lameness was associated positively with 

tail lesions. Hunter et al. (2011) reported that pigs with bitten tails had more lesions on their ears and higher levels 

of carcass abscesses. Similarly, Harley et al. (2014) noted that carcass can be trimmed by 12 kg in pigs with severe 

tail lesions, and by 1.2 kg in pigs with mild lesions. Marques et al. (2012) reported that 67% of carcass trim loss 

was from pigs with bitten tails. They also found that pigs with bitten tails more likely had abscesses, lung lesions 

or arthritis in the carcass indicating that tail infection can spread to the lung and other parts of the body.   

  

To evaluate pain sustained by victimized pigs, we compared serum Substance P concentrations among victimized 

pigs, tail biters and non-victimized pigs that did not have tail lesions. Substance P is a neuropeptide that is 

associated with the integration of pain and stress in animals (Coetzee et al., 2008). Individuals that suffer from 

significant pain usually have elevated concentrations of Substance P in their blood (Meintjes, 2012). However, in 
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the current study we could not detect differences between victimized pigs and non-victimized pigs. Similar to our 

results, Sutherland et al. (2012) did not detect difference in Substance P concentrations between piglets castrated 

with and without anesthesia. It is not clear whether Substance P is sensitive enough to measure pain in pigs 

subjected to tail biting. Victimized pigs displayed increased total serum protein and Ig-G level on the 5th day of 

tail injury in the current study possibly due to activation of the immune system caused by inflammation associated 

with tail infection. This result indicates that it took up to 5 days for victimized pigs to activate the immune system. 

Similar to our results, Munsterhjelm et al. (2013a) reported elevated total serum protein levels in victimized pigs 

compared to non-victimized pigs, although the injury period of victimized pigs was not recorded in their study. 

In addition, Heinonen et al. (2010) noted that victimized pigs exhibited elevated acute phase proteins compared 

with non-victimized pigs.     

 

An interesting finding in the current study was the low level of total serum protein and Ig-G in tail biters compared 

to other pigs, which suggests that tail biters may suffer from compromised immune function. Munsterhjelm et al. 

(2013b) noted that tail biters suffered from chronic stress as indicated by altered cortisol levels. Chronic stress 

can lead to compromised immune function which may predispose pigs to tail biting. Studies focusing on tail biters 

are not well documented in the scientific literature due to the fact that it is challenging to identify tail biters 

(Zonderland, 2010; Ursinus et al., 2014). More controlled studies are needed to understand physiology, 

immunology, and behavioral development of tail biters.   

  

In summary, tail docking does not eliminate but significantly reduces the incidence of tail biting and tail damage 

in both nursery and growing-finishing pigs. Compared to pigs with docked tails, pigs with intact tails performed 

more tail biting behavior and experienced tail damage more frequently and severely. Pigs with intact tails started 

outbreaks of tail biting early in age and they recurred over a longer period compared to pigs with docked tails. 

Pigs with intact tails increased their activity levels 3 days before and during the first outbreak of tail biting. Optical 

flow technology can detect activity levels of pigs, and might be a promising tool for prediction of outbreaks of 

tail biting in pigs with intact tails. As a consequence of frequent outbreaks of tail biting, pigs with intact tails had 

higher morbidity rate and tended to be sold for less than full value more frequently than pigs with docked tails. 

While tail damage did not affect the overall weight gain and market weight of pigs that survived, pigs with tail 

damage were subject to carcass trim more frequently compared with pigs without tail damage. Victimized pigs 

with damaged tails experienced inflammation which may lead to abscess formation. Tail biters had lower Ig-G 

and serum protein concentrations, suggesting that they may suffer from compromised immune functions. Tail 

biting events occurred most frequently at areas of pen perimeter and near the feeder where enrichment devices to 

alleviate tail biting could be placed. 
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Table 1. Growth performance and tail skin lesions of nursery pigs with docked or intact tails  

Item 
Tail docking1 

SE P-value  
Docked Intact  

Number of pens 20 222   
 

Pigs/pen 8 8   
 

Weight, lb     
 

At weaning3 17.4 17.7 1.03 0.65  
At nursery exit4 54.6 55.3 4.16 0.57  
ADG, lb 1.06 1.07 0.09 0.67  
ADFI, lb 1.57 1.51 0.04 0.33  
Gain:Feed 0.67 0.70 0.01 0.02  
Average tail lesion score5  0.02 ± 0.01 0.52 ± 0.29  <0.0001  
1Tail docking occurred within 24 hours after farrowing.    
2 Among the 24 pens of pigs with intact tails, 2 pens were removed from the study due to 
outbreaks of tail biting. Growth performance was collected on 22 pens of pigs.   
3Pigs were weaned at 4 weeks of age and moved to a confinement nursery barn.    
4Pigs were 9 weeks of age at nursery exit. 
5Tail lesions were assessed when pigs were 6 and 9 week old, respectively, using a 0-4 scale system. 
The lesion scores listed were the average score over the two observation periods. 

 Score 0 = no tail damage      

 Score 1 = healed lesions without visible blood     

 Score 2 = open wounds without signs of infection     

 Score 3 = open wounds with signs of infection, or partial loss of the tail without signs of infection  

 Score 4 = partial or total loss of the tail with signs of infection      
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Table 2. Incidence of tail damage in nursery pigs with docked or intact tails  

 Tail docking1     
Item Docked Intact Chi-square P-value  
Number of pigs 160 192    

Maximum tail lesion score2     

   Score 0 157 (98.1%)* 113 (58.9%) 75.7 <0.0001  
   Score 1 3 (1.9%) 43 (22.4%)    

   Score 2 0 23 (12.0%)    

   Score 3 0 6 (3.1%)    

   Score 4 0 7 (3.7%)      
1Tail docking occurred within 24 hours after farrowing.   
2Tail lesions were assessed using a 0-4 scale system when pigs were 6 and 9 week old, and 
during outbreaks of tail biting, respectively. The lesion scores listed were the maximum 
score for each pig over all the periods recorded.  

   Score 0 = no lesion     

   Score 1 = healed lesions without visible blood    

   Score 2 = open wounds without signs of infection  
   Score 3 = open wounds with signs of infection or partial loss of the tail without signs of 
          infection 

   Score 4 = partial or total loss of the tail with signs of infection   

*Percentage of the total number of pigs allocated to each treatment group  
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Table 3. Growth performance, skin lesions and carcass traits of growing-finishing pigs with docked 
or intact tails  

 Tail docking1    
Item Docked Intact SE  P-value   
Number of pens 4 4    

Pigs/pen 30 30    

Weight, lb      

   Initial (9 wk of age) 55.5 54.1 0.59 0.10  
   End (25 wk of age) 278.1 278.0 2.38 0.98  
ADG, lb      

   wk 9-wk 13 1.54 1.50 0.04 0.50  
   wk 13-wk 17 2.07 2.10 0.03 0.46  
   wk 17-wk 21 2.07 2.08 0.05 0.85  
   wk 21-wk 25 1.95 1.99 0.05 0.60  
   wk 9 - wk 25 1.90 1.92 0.02 0.65  
ADFI, lb      

   wk 9-wk 13 3.12 3.12 0.06 0.50  
   wk 13-wk 17 5.17 5.15 0.1 0.91  
   wk 17-wk 21 5.98 6.08 0.09 0.45  
   wk 21-wk 25 6.62 6.78 0.16 0.50  
 wk 9 - wk 25 5.21 5.18 0.06 0.76  
Gain:Feed      

   wk 9-wk 13 0.48 0.48 0.01 0.79  
   wk 13-wk 17 0.40 0.39 0.01 0.54  
   wk 17-wk 21 0.35 0.31 0.02 0.27  
   wk 21-wk 25 0.23 0.22 0.04 0.88  
 wk 9 - wk 25 0.37 0.37 0.00 0.71  
Average skin lesion score2      

   Body3 0.80 0.82 0.04 0.71  
   Ears4 0.77 0.73 0.04 0.58  
   Tail5 0.08 0.46 0.08  <0.001  
Carcass       
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   Pigs harvested 118 111 - -  

   Hot carcass weight, lb 211.6 211.7 1.85 0.97  
   Dressing, % 76.0 75.8 0.34 0.69  
1Tail docking occurred within 24 hours after farrowing.    
2Skin lesions were assessed every 4 weeks and during outbreak of tail biting when pigs were 9 to 25 
weeks old. The lesion scores listed were average scores over all the periods recorded. 
3Body surface was divided by imaginary lines into 3 zones (head, shoulders and body), each zone 
receiving a score of 0 to 3 based on scratches on it:  
   0 = no scratch; 1 = 1 to 3 scratches, 2 = 4 to 6 scratches; 3 = > 6 scratches 
4Each ear received a score of 0 to 3 based on skin lesions on it: 
   0 = no damage; 1 = healed lesions without visible blood; 2 = open wounds without signs of   
   infection; 3 = open wounds with signs of infection. 
5Tail lesions were assessed using a 0 to 4 scale system:  
   0 = no lesion    

   1 = healed lesions without visible blood     

   2 = open wounds without signs of infection     

   3 = open wounds with signs of infection, or partial loss of the tail without signs of infection  

   4 = partial or total loss of the tail with signs of infection   

 
 

  



5 
 

 

Table 4. Incidence of tail damage in growing-finishing pigs with docked or intact tails   

  Tail docking1       

Item Docked Intact Chi-square P-value   

Number of pigs 120 120     

Maximum tail lesion score2       

   Score 0 63 (52.5%)* 13 (10.8%) 76.2 <0.0001   

   Score 1 48 (40.0%) 45 (37.5%)     

   Score 2 3 (2.5%) 26 (21.7%)     

   Score 3 3 (2.5%) 23 (19.2%)     

   Score 4 3 (2.5%) 13 (10.8%)       
1Tail docking occurred within 24 hours after farrowing.    
2Tail lesions were assessed every 4 weeks and during outbreaks of tail biting when pigs were 9 to 25 
weeks old using a 0-4 scale system. The lesion scores listed were the maximum score for each pig over 
all the periods recorded. 

   0 = no damage      

   1 = healed lesions without visible blood     

   2 = open wounds without signs of infection    

   3 = open wounds with signs of infection, or partial loss of the tail without signs of infection 

   4 = partial or total loss of the tail with signs of infection    

*Percentage of the total number of pigs allocated to each treatment group   
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Table 5. Growing-finishing pigs that were removed from their home pens, harvested for carcass 
at market, euthanized or died due to compromised health    

 Tail docking1     

Item Docked Intact Chi-square P-value 

Number of pigs 120 120   

Pigs removed to hospital pens      

   Total 8 (6.7%)* 28 (23.0%) 13.8 0.001 

   For tail biting or tail damage 6 (5.0%) 25 (20.8%)   

Pigs harvested for carcass     

   Harvested without trim loss 116 (96.7%) 108 (90.0%) 5.5 0.14 

   Harvested with trim loss  2 (1.7%) 3 (2.5%)   

   Not harvested 0 3 (2.5%)   

   Died or euthanized 2 (1.7%) 6 (5.0%)     
1Tail docking occurred within 24 hours after farrowing. 
*Percentage of the total number of pigs that were allocated to each treatment group  
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Table 6. Growth performance of tail biters, pigs with tail damaged, and pigs 
without tail damage 

Item 

Pig category 

P-
value Tail biters1 Victimized2 

Non-
victimized3 

Number of pigs  12 43 185  
% of barrows, % 33.3 69.8  46.5 0.01* 

Weight, lb     

   At birth 3.2±0.17 3.4±0.09 3.3±0.04 0.70 

   4 wk (at weaning) 16.6±1.03 17.7±0.54 17.1±0.26 0.53 

   9 wk (at nursery exit) 52.9±1.95 55.3±1.00 54.8±0.48 0.55 

   13 wk 95.5±3.12 101.9±1.75 100.0±0.97 0.17 

   17 wk 154.8±4.08 160.6±2.14 158.3±1.02 0.34 

   21 wk 212.8±5.60 213.9±2.87 217.7±1.38 0.45 

   25 wk (at market) 276.5±7.01 275.0±3.90 278.6±1.89 0.66 

ADG, lb     

   wk 9-wk 13 1.42±0.07 1.54±0.04 1.51±0.03 0.25 

   wk 13-wk 17 2.10±0.08 2.11±0.04 2.08±0.02 0.85 

   wk 17-wk 21 2.14±0.11a 1.90±0.06b 2.12±0.03a 0.003 

   wk 21-wk 25 2.06±0.11 1.95±0.07 1.97±0.04 0.66 

 wk 9 - wk 25 1.93±0.06 1.88±0.03 1.91±0.02 0.56 

Hot carcass     

  Pigs harvested 12 38 179 - 

  Carcass weight, lb 210.3±5.6 206.3±3.1 212.8±1.5 0.16 

  Dressing, % 75.0±0.6ab 74.5±0.3b 76.3±0.6a <0.001 
1Tail biters were identified by live observations during outbreaks of tail biting in the 
growing-finishing barn. 
2Pigs with a tail lesion score of 3 or 4 at any time point throughout the study. 
3Pigs that were neither biters nor victimized pigs.   

*Chi-square = 8.97 
abMeans within a row without a common superscript differ (P < 0.05).  
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Table 7. Growing-finishing pigs that were harvested for carcass at market, euthanized or died due 
to compromised health    

  Pig category     

Item Tail biters1 Victimized2 
Non-

victimized3 
Chi-

square 
P-

value 

Number of pigs 12 43 185   

Pigs harvested       

   Harvested without trim loss 12 (100%)* 35 (81.4%) 177 (95.7%) 13.3 0.04 

   Harvested with trim loss  0 3 (7.0%) 2 (1.1%)   

   Not harvested 0 1 (2.3%) 2 (1.1%)   

   Died or euthanized 0 4 (9.3%) 4 (2.2%)     
1Tail biters were identified by live observations during outbreaks of tail biting in the 
growing-finishing barn. 
2Pigs with a tail lesion score of 3 or 4 at any time point throughout the study. 
3Pigs that were neither biters nor victimized pigs. 

*Percentage of the total number of pigs in each category.  
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Table 8. Total serum protein, Ig-G and Substance P concentrations in tail biters, victimized pigs, and 
non-victimized pigs during outbreaks of tail biting 

  Pig category    

 Item Tail biters1 Victimized2 
Non-

victimized3 P-value  
Number of pigs 11 30 27   

Weight, lb      

   Initial 53.1±2.05 54.6±1.28 54.4±1.65 0.82  
   Market 272.7±7.97 277.5±5.20 279.3±6.63 0.82  
   At blood sampling 129.9±11.72 132.1±8.01 150.2±10.06 0.30  
Blood analysis      

   Total serum protein, g/L 60.3±1.5b 64.5±1.1a 66.1±1.1a 0.01  
   Ig-G, g/L 10.6±0.9b 13.1±0.6a 14.0±0.6a 0.01  
   Substance P, pg/mL 198.1±14.1 178.8±9.3 191.1±9.0 0.454  
1Tail biters were identified by live observations during outbreaks of tail biting in the growing-
finishing barn.   
2Victimized pigs had tail lesion scores of 3 or 4. 
3Non-victimized pigs were pen mates of victimized pigs that did not have tail damage  
4Substance P was affected by sex (Barrows = 203.7+8.7; Gilts = 175.0+9.3; P = 0.03)  
abMeans within a row without a common superscript differ (P < 0.05). 
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Table 9. Total serum protein, Ig-G, and substance P concentrations of victimized pigs1 during 
outbreaks of tail biting 

 Days after tails injured     

Item Day 12 Day 3 Day 5 
P- 

value  
Number of pigs 30 263 183   

Blood analysis      

   Total serum protein, g/L 64.5±1.1b 65.8±1.1b 70.9±1.4a 0.002  
   Ig-G, g/L 13.1±0.6b 13.9±0.7b 16.8±0.8a 0.002  
   Substance P, pg/mL 178.8±9.2 181.9±9.9 171.9±13.4 0.83  
1Victimized pigs had tail lesion scores of 3 or 4. 

2The day when victimized pigs were first found with tail damage. 
3Some victimized pigs were not bled for 3 days because their tails were healed (lesion scored = 1) before day 5. 
abMeans within a row without a common superscript differ (P < 0.05).  
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Table 10. Effects of tail docking, period of tail outbreaks, and time of the day on optical flow 
measures for growing-finishing pigs (P-values)*  

Item Dock1 Outbrk2 Time3 Dock x Outbrk Dock x Time 

Levels of trt4 2 6 3 12 6 

P-values for optical flow measures    

Mean 0.03 <0.0001 <0.001 <0.0001 0.98 

Variance 0.14 0.0003 0.01 0.01 0.95 

Skewness 0.60 <0.0001 <0.0001 0.05 0.83 

Kurtosis 0.82 <0.0001 <0.0001 <0.001 - 

*Pigs (n = 8 pens, 30 pigs/pen) were video-recorded for 2 days per week between 10 and 22 wk of age 
1Tail docking occurred within 24 hours after farrowing, with 4 pens of pigs with 
docked tails, and 4 pens of pigs with intact tails.  
2Outbrk: 6 periods before, during and after outbreaks of tail biting were defined:  
Period 1 = 6 days before the first outbreak    

Period 2 = 3 days before the first outbreak    

Period 3 = First outbreak     

Period 4 = Other outbreaks after the first one  

Period 5 = 3 to 6 days before other outbreaks    

Period 6 = none of above (period without outbreaks of tail biting) 
3Time of the day means the morning (9-10 AM), noon (12-1 PM), and  afternoon (3 – 4 PM), with each 
pen recorded for one hour during each time period  

   4trt: abbreviation for treatment 
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Table 11. Optical flow measures for growing-finishing pigs with docked or intact tails before, during and after outbreaks of tail biting 

Item Period according to outbreaks of tail biting      

 No outbreak 6 d before 3 d before 1st Outbreak Outbrk after 1st  3-6 d bef. Oth. Brk Pooled  
  (control) (d-6) (d-3) (1st TB) (Other TB) (d3-6 bef.Oth.TB) SE P-value 

# of pens 4   

Pigs/pen 30   

Optical flow measures for pigs with docked tails        

Mean 6.72 6.61 6.62 6.72 7.12 7.50 0.80 0.95 

Variance 249.2 211.8 225.4 230.1 264.4 305.50 47.7 0.50 

Skewness 6.04 5.18 5.31 5.40 5.25 5.56 0.55 0.09 

Kurtosis 56.37 41.55 44.02 46.63 44.16 48.48 8.28 0.07 

Optical flow measures for pigs with intact tails       

Mean 6.92c 4.17c 5.44c 14.59a 7.24c 10.54b 0.73 <0.0001 

Variance 258.8bc 121.7d 152.3bcd 347.7a 237.4b 268.2ab 21.9 <0.0001 

Skewness 6.31a 6.5ab 5.59ab 4.05c 6.21a 5.01bc 0.31 <0.0001 

Kurtosis 62.84a 68.72a 51.03abc 21.23c 57.98a 33.07bc 3.90 <0.0001 
abc Means within a row without a common superscript differ (P < 0.05) 
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Table 12. Effect of time of the day on optical flow measures for growing-finishing pigs 

Item Time of the day       

 Morning Noon Afternoon Pooled    

        SE P-value   

# of pens 8     

Pigs/pen 30     

Optical flow measures       

Mean 7.75a 6.91b 7.88a 0.33 0.001   

Variance 239.4a 216.7b 239.5a 11.1 0.01   

Skewness 5.42b 5.99a 5.19b 0.16 <0.0001   

Kurtosis 3.79b 3.97a 3.74b 0.06 <0.0001   
ab Means within a row without a common superscript differ (P < 0.05)   
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Table 13. Effects of tail docking, period of outbreaks, and time of the day on behavioral time budget of growing-finishing pigs (P-values)*  

Item Docking1 Outbrk2 Time3 Dock x Outbrk Dock x Time     

Levels of trt4 2 6 3 12 6     

P-values for behavioral time budget           

Lying <0.0001 <0.0001 <0.0001 <0.0001 0.47     

Standing 0.08 <0.0001 <0.0001 <0.0001 0.75     

Eating 0.01 0.86 <0.0001 0.01 0.22     

Drinking 0.01 0.23 0.01 0.19 0.91     

Pig-directed 0.71 0.61 <0.0001 0.11 0.67     

Tail biting 0.01 0.40 0.02 0.58 0.07     

*Pigs (n = 8 pens, 30 pigs/pen) were video-recorded for 2 days per week between 10 and 22 wk of age 
1Tail docking occurred within 24 hours after farrowing, with 4 pens of pigs with 
docked tails and 4 pens of pigs with intact tails. 
2Outbrk: 6 periods before, during and after outbreaks of tail biting were defined:  
Period 1 = 6 days before the first outbreak    

Period 2 = 3 days before the first outbreak    

Period 3 = First outbreak     

Period 4 = Any outbreaks (other outbreaks) after the first one  

Period 5 = 3 to 6 days before other outbreaks    

Period 6 = none of above (control period)    
3Time of the day means the morning (9-10 AM), noon (12-1 PM), and  afternoon (3-4 PM), with each 
pen recorded for one hour during each time period  

   4trt: abbreviation for treatment 

  



15 
 

Table 14. Effect of tail docking on behavioral time budget of growing-finishing pigs 

Item Tail docking1 Pooled    
  Docked Intact SE P-value  
# of pens 4 4    

Pigs/pen 30 30    

Behavioral time budget, %2     

Lying 67.6 63.7 0.80 <0.0001  
Standing/Walking 15.5 17.0 0.64 0.08  
Eating 13.4 15.0 0.42 0.01  
Drinking 1.8 1.2 0.22 0.01  
Pig-directed 1.4 1.5 0.15 0.71  
Tail biting 0.08 0.33 0.06 0.01  

1Tail docking occurred within 24 hours after farrowing.  
2Percentage of total observation time. Pigs were video-recorded for 2 days per week between 10 and 22 wk of age.  
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Table 15. Effect of time of the day on behavioral time budget for growing-finishing pigs 

Item Time of the day Pooled   

  Morning Noon Afternoon SE P-value 

# of pens 8   

Pigs/pen 30   

Behavioral time budget, %     

Lying 63.0b 71.0a 63.1b 0.54 <0.0001 

Standing 18.4a 12.7b 18.2a 0.55 <0.0001 

Eating 15.0a 12.7b 14.8a 0.34 <0.0001 

Drinking 1.3b 1.5ab 1.7a 0.12 0.001 

Pig-directed 1.6a 1.1b 1.6a 0.14 0.001 

Tail biting 0.29a 0.17b 0.16b 0.06 0.02 
ab Means within a row without a common superscript differ (P < 0.05)  
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Table 16. Behavioral time budget of growing-finishing pigs with docked or intact tails before, during and after outbreaks of tail biting 

Item Period according to outbreaks of tail biting        

 non-outbreak 6 d before 3 d before 1st Outbreak Outbrk after 1st  3-6 d bef. Oth. Brk Pooled    

  (control) (d-6) (d-3) (1st TB) (Other TB) (d3-6 bef.Oth.TB) SE P-value   

# of pens 4     

Pigs/pen 30     

Behavioral time budget of pigs with docked tails, %        

Lying 66.2 63.3 66.6 68.8 70.5 69.1 2.07 0.12   

Standing 15.7ab 20.2a 15.8ab 14.2ab 11.5b 13.6ab 1.41 0.02   

Eating 14.2 12.9 13.7 13.2 13.2 13.3 1.11 0.60   

Drinking 1.8 2.0 2.0 1.7 1.4 2.3 0.42 0.83   

Pig-directed 1.6 1.2 1.2 1.1 1.8 1.4 0.54 0.73   

Tail biting 0.06 0.11 0.04 0.11 0.12 0.06 0.07 0.86   

Behavioral time budget of pigs with intact tails, %        

Lying 67.3a 69.5a 56.7b 57.8b 63.3a 68.7a 1.15 <0.0001   

Standing 14.9c 11.9c 24.8a 21.6ab 17.2bc 13.9c 0.82 <0.0001   

Eating 13.9b 15.9ab 14.5ab 16.2a 15.7ab 14.9ab 0.66 0.01   

Drinking 1.8a 0.9ab 1.4ab 0.8b 1.1b 1.4ab 0.24 0.001   

Pig-directed 1.4ab 1.0ab 2.0ab 2.2a 1.4ab 0.8b 0.25 0.01   

Tail biting 0.28ab 0.19ab 0.18ab 0.26ab 0.87a 0.19b 0.15 0.01   
abc Means within a row without a common superscript differ (P < 0.05)       
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Table 17. Frequency of tail biting occurred in areas of a pen    
  Tail docking1     

Item Docked Intact Chi-square P-value 

Tail biting events observed2 111 206   

Areas where tail biting occurred, %3    

   Pen perimeter 37 42 5.3 0.15 

   Feeder 37 26   

   Open area 15 22   

   Drinker 10 10     
1Tail docking occurred within 24 hours after farrowing. 
2All pigs were observed live at 5-min interval for 2 hours each week for 4 weeks between 
17 and 20 weeks of age. 
3Percentage of the total tail biting events observed.   
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 Outbreaks in pens with docked pigs (4 = Pen 4; 6 = Pen 6; 8 = Pen 8)  

Outbreaks in pens with intact pigs (5 = Pen 5; 7 = Pen 7) 

 

 

 
 

 
 Age of pigs (weeks) 

 

 

Fig. 1. Time spent tail biting (as percentage of observation time) by pigs with docked or intact tails over a period of 13 

weeks when pigs were between 10 and 22 weeks of age.   

*A,B: Pigs were video-recorded twice weekly on Monday (A) and Friday (B) 
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