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Abstract 12 

The aim of this study was to assess the effect of providing environmental enrichment 13 

in the form of perches and string on the behaviour and welfare of commercial broiler 14 

chickens. Houses containing ~23,000 broiler chickens were assigned to 1 of 4 15 

treatments in a 2 x 2 factorial design.  Treatments involved 2 levels of access to 16 

perches (P) (present (24/house) ‘+P’, or absent ‘-P’) and 2 levels of access to string 17 

(S) (present (24/house) ‘+S’, or absent ‘-S’).  All houses contained windows, and 30 18 

straw bales were provided from day 10 of the rearing cycle.  Treatments were 19 

applied in 1 of 4 houses on a single farm, and were replicated over 4 production 20 

cycles.  Behaviour and leg health was observed in weeks 3-5 of the rearing cycle. 21 

Production performance and environmental parameters were also measured. There 22 

was an interaction between perches and age in the percentage of birds observed 23 

lying, with higher percentages of birds observed lying in the +P treatment than in the 24 

-P treatment during weeks 4 and 5. There was also a significant interaction between 25 



string and age in the percentage of birds observed in locomotion, with higher 26 

percentages observed in locomotion in the -S treatment than in the +S treatment 27 

during weeks 4 and 5. There was also an interaction between string and age in 28 

average gait scores, with lower gait scores in the +S treatment than in the –S 29 

treatment during weeks 3 and 5 but not within week 4.  Daytime observations 30 

showed that perches and strings were used frequently, with 1 bout of perching 31 

occurring approximately every 80s per perch, and 1 bout of pecking at string 32 

occurring every 78s per string on average. There was a significant effect of age on 33 

use of perches (p<0.001) and string (p<0.001), with perching peaking during week 5 34 

and string pecking peaking during week 3. We conclude that commercial broilers in 35 

windowed houses with access to straw bales display an interest in additional 36 

enrichment stimuli in the form of perches and string, and therefore that these stimuli 37 

have the potential to improve welfare.  In addition, provision of string as a pecking 38 

device appeared to positively influence walking ability.  However, this effect was 39 

numerically small, was only shown in certain weeks and was not reflected in the 40 

other leg health measure (latency to lie).  The results also showed an apparent 41 

negative effect of string and perches on the activity levels of birds (recorded away 42 

from the immediate vicinity of these enrichments) towards the end of the production 43 

cycle.  These results emphasise the need for further research into optimum design 44 

and layout of enrichment stimuli for modern broilers in windowed houses to ensure 45 

that their provision leads to clear welfare benefits.  46 

 47 
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Implications 51 

This study provides novel information on the effect of string and perch provision on 52 

welfare-related parameters in commercial broiler chickens. The results of this study 53 

suggest that these stimuli are used by broiler chickens and that suspended string 54 

has the potential to positively affect the leg health of broilers. However, birds 55 

provided with string and perches (observed outside the direct vicinity of these 56 

enrichment stimuli) showed reduced activity levels in later weeks. This highlights the 57 

need for further research investigating the ‘real world’ implications of the provision of 58 

different types of environmental enrichment to be carried out on commercial farms. 59 

 60 

Introduction 61 

Lameness adversely affects economic returns within the poultry industry (Su et al., 62 

1999), particularly through contributing to increased culling rates and mortalities. 63 

Lame birds also self-select more food containing the painkiller carprofen than non-64 

lame birds, suggesting that the condition is associated with pain and is therefore an 65 

animal welfare issue (Danbury et al., 2000). Artificial selection for increased feed 66 

conversion and rapid growth rate appears to be a salient factor in the development of 67 

lameness in commercial broiler chickens (Kestin et al., 1992; Fanatico et al., 2008).  68 

This may be through direct effects of rapid growth on bone health (see Julian, 1998; 69 

Olkowski et al., 2011), and/or though indirect effects of genetic selection strategies 70 

on behaviour.  Research shows that fast growing broilers are extremely inactive and 71 

may spend up to 80% of their time lying down (Weeks et al., 2000). This lack of 72 

activity has been linked with abnormal bone development and leg conformation 73 

(Kestin et al., 1992; Reiter and Bessei, 1998a,b), and may therefore also negatively 74 

impact on the walking ability of birds.  In addition, the presence of contact dermatitis 75 



lesions has been linked with inactivity and may also adversely affect the movement 76 

of birds (Harms and Simpson, 1975; Hester, 1994).   77 

Environmental enrichment has been posited as a way in which activity levels may be 78 

increased, and lameness reduced, in commercial flocks of fast growing broiler 79 

chickens (eg. Kells et al., 2001; Bailie et al., 2013).  Mounting and dismounting 80 

perches, and the act of perching itself, may exercise the broiler musculoskeletal 81 

system in a different way from standing and walking, and may therefore strengthen 82 

legs.  Indeed, Bizeray et al. (2002) found a tendency towards improved morphology 83 

of the tibia when broiler chickens were required to traverse barriers to access 84 

feeders.  They hypothesized that the physical activity associated with perching on, 85 

and stepping on to and over these barriers contributed to this effect.  Perching may 86 

also reduce the amount of time birds spend in contact with wet litter, and may 87 

therefore reduce the incidence or severity of contact dermatitis lesions (Su et al., 88 

2000).  Activity levels may also be increased and leg health improved by stimulating 89 

exploratory behaviour through providing pecking devices.  McAdie et al. (2005) found 90 

that laying hen chicks showed sustained interest in string when provided as a 91 

pecking device, however the usefulness of string as a source of environmental 92 

enrichment for commercially-housed broiler chickens does not appear to have been 93 

fully evaluated.  In addition to potential effects on leg health, environmental 94 

enrichment has also been shown to exert positive effects on the psychological 95 

welfare of farm animals (Newberry, 1995). In particular it has been suggested as a 96 

way to reduce fear in a number of species, including poultry (Jones, 1996).   97 

The aim of this study was to investigate the effects of providing enrichment in the 98 

form of perches and string on activity levels, leg health and fearfulness in 99 

commercial broiler chickens.  This research was conducted using chickens housed 100 



with access to natural light and straw bales.  Previous research demonstrated 101 

welfare benefits associated with providing these types of environmental enrichment 102 

(Bailie et al., 2013), and the objective of the current study was to determine if further 103 

benefits could be achieved by additional modifications to the environment.  We 104 

hypothesised that both perches and string would independently increase activity 105 

levels, and reduce levels of lameness and fearfulness. We also hypothesised that 106 

there would be a cumulative effect of string and perches on these parameters. The 107 

study also aimed to gain a better understanding of levels of use of perches and 108 

strings by commercially-housed broiler chickens.  109 

 110 

Materials and Methods 111 

Animals, husbandry and housing 112 

A total of 368,000 Ross 308 broiler chickens obtained from 1 breeding company 113 

(Aviagen Ltd, UK) were used in this experiment which took place in Northern Ireland 114 

between February and August 2011.  Approximately 23,000 mixed-sex birds were 115 

placed in each experimental house ‘as hatched’. The total floor area/house available 116 

to the birds was approximately 1324m2 resulting in an approximate initial stocking 117 

rate of 17birds/m2.  Approximately half of the birds were removed for slaughter after 118 

day 30 of the production cycle, and the remaining birds were removed between days 119 

32 and 42. Stocking densities did not exceed 30kg/m2 at any stage of the production 120 

cycle.   121 

Temperature, ventilation, feeding regimes, feed sources and blends were identical 122 

between houses. The ventilation system consisted of ceiling fans and flaps which 123 

could be opened and closed along the 2 long sides of each house in response to the 124 

humidity and temperature (which were recorded by 4 sensors). Fans and flaps 125 



operated automatically in the event that humidity fell outside the optimum range of 126 

55-60% and if temperature reached 5 degrees above or below the optimum for each 127 

week.  Large gas pan heaters were placed in 2 uniform lines down the length of all 128 

houses and the temperature within all houses was 33◦C at day 1, and dropped 2 129 

degrees each week until day 21 of the rearing cycle..   130 

All birds had access to natural light from day 4 of the rearing cycle. This was 131 

provided through 46 windows per house (measuring 220cm wide x 60cm high) which 132 

were located at a height of 1.5m along the length of the 2 ‘long’ sides of the house. 133 

Windows comprised double glazed, toughened glass. These windows were 134 

shuttered for the first 4 days of the rearing cycle and during the dark period of the 135 

artificial lighting regime.  The hours of darkness supplied for the birds rose by 1 hour 136 

per day from 1 hour at a day old, to 6 hours at 7 days old. This regime was then 137 

maintained from 7 until 28 days old. From 29 days old, hours of darkness were 138 

gradually reduced by 1 hour each day to 1 hour by 33 days old. One hour of 139 

darkness was then maintained until the end of the rearing cycle. The dark period was 140 

between 2300 and 0500 hours. Both lights and shutters were automatically 141 

controlled using timers.  142 

Artificial light was provided by 2 rows of 24 horizontally suspended fluorescent strip 143 

lights running parallel to each other along the length of each house. Rows were 144 

placed 8 m from the nearest wall and suspended 12 m from the floor of the house. 145 

Lights comprised 1.2m low frequency T8 tubes emitting 3 thousand lumens each 146 

(F40w/29-530/RS warm white energy rating B, Disano Illuminazione UK Ltd., UK). 147 

Identical light fittings were used in all houses (4ft Disano Hybro 951 IP65 fitting, 148 

Disano Illuminazione UK Ltd., UK) and were suspended from the ceiling by a pulley 149 

system.  150 



Thirty straw bales, comprising short chopped straw wrapped in plastic, each 151 

measuring 800 x 400 x 400 mm, were supplied in each house from day 10 of the 152 

rearing cycle.  These were dispersed as evenly as possible throughout the house.  153 

Bedding comprised of wood shavings and was placed in the house prior to the birds 154 

arriving. Sixty-six kilos of wood shavings were supplied per thousand birds.  155 

Additional sawdust was added to specific areas of the houses when deemed 156 

necessary by the farmer.  Birds were fed on an ad libitum basis and received 3 157 

different commercially-available diets across the production cycle. All drinkers were 158 

of the nipple variety and included cups.  159 

 160 

Treatments and experimental design 161 

The effects of provision of perches (P) and string (S) on the welfare of broiler 162 

chickens was assessed in 2 x 2 factorial design study. Twenty-four perches were 163 

distributed as evenly as possibly throughout the house in the P treatment.  Each 164 

perch was manufactured by the commercial supplier of the birds and consisted of a 165 

long horizontal, wooden beam (300 cm x 5 cm x 5cm) with a rounded upper edge 166 

resting on 2 supports at either end (15 cm high) (Supplementary Figure S1). In the 167 

string treatment, 24 pieces of thin white nylon rope (60 cm x 10 mm) were supplied. 168 

One piece of string was tied at its mid-point to the wire above each of the 4 feeder 169 

lines within the house at approximately even intervals. Six pieces of string in total 170 

were tied to each feeder line (Supplementary Figure S2). The wire was positioned 171 

33cms above the litter at the beginning of the rearing cycle and was gradually raised 172 

to a maximum height of approximately 50 cms above the litter (as feeders were 173 

raised to encourage growing birds to feed in a standing position). The ends of the 174 

string may therefore have been situated between 3 and 20 cm above the litter at 175 



different points in the rearing cycle depending on the growth rate of the birds. The 176 

number of enrichment items provided was based on the RSPCA Freedom Foods 177 

scheme, which requires a minimum of ‘1 pecking object and 2 m of perching space 178 

per 1000 birds’ in addition to the provision of straw bales and natural light (RSPCA, 179 

2013).   180 

 181 

Four houses were selected for this study, giving 2 matched pairs of houses on a 182 

single commercial farm. Pair 1 comprised Houses 1 and 2, and Pair 2 comprised 183 

Houses 3 and 4. All 4 houses were of an identical rectangular design, orientation and 184 

number of windows, with the exception that Houses 1 and 2 had a central doorway 185 

and Houses 3 and 4 had doors that were offset to either the right (House 3) or the 186 

left (House 4).  As the birds used were part of the normal commercial enterprises of 187 

the company, the number of replications was limited. However, each treatment was 188 

replicated 4 times (Table 1). All 4 houses were matched exactly for number of chicks 189 

placed and strain of bird. The date when chicks were placed and removed was 190 

matched exactly for all 4 houses, except for Replicate 3. Due to a logistical problem, 191 

Houses 1 and 2 were stocked 1 day earlier than Houses 3 and 4. In order to 192 

counteract any confounding effects, all measures were taken on the same day after 193 

placement (and thus 1 day apart between the 2 pairs of houses) in this replicate. 194 

 195 

Measurements 196 

Behavioural observations 197 

Behaviour was assessed during 2 days each week between weeks 3 and 5 of the 198 

rearing cycle. Observations of general activity levels and fearfulness were made on 199 

day 1, and use of enrichment was assessed on day 2. All behavioural observations 200 



were taken between the hours of 09.00 and 18.00 and began approximately 4 hours 201 

after the end of the dark period. The house shape was mapped and virtually divided 202 

into thirty-six equal size quadrants. Quadrants in which all behavioral, leg health and 203 

environmental measures were carried out were preselected using a random number 204 

table. A different set was chosen each week.  205 

 206 

Activity levels 207 

Two video cameras on tripods were employed to record behaviours in the 2 pairs of 208 

houses simultaneously. One camera was alternated between the houses within each 209 

pair every 2 observations. Video recordings for scan sampling were taken within 6 210 

quadrants per house per week as detailed in Bailie et al. 2013. Quarters that were 211 

selected for recordings did not contain strings, perches or straw bales in order to 212 

ascertain whether or not the presence of enrichment affected general, non-213 

enrichment-related, activity levels.  The first 5 min of film was cut from all videos in 214 

order to ensure a settling period had been imposed after the exit of the researcher 215 

from the house. Instantaneous scan sampling for each 10 minute clip involved 216 

recording both the total number of birds and the numbers of birds lying, standing and 217 

engaging in locomotion (walking or running) within the full frame of the video 218 

recording at 120 second intervals.  219 

 220 

Fearfulness 221 

Fearfulness was assessed by recording the flight distance of birds and their 222 

response to a novel object. Flight distance scoring was performed in ten quadrants, 223 

selected using a random number table, in each house once a week after video 224 

recordings were completed. A square piece of Perspex, measuring 30 x 30 cm, with 225 



an ‘x’ drawn in the middle, was held up at arm's length at the edge of the selected 226 

quadrant. The bird observed closest to the ‘x’ was tested for flight distance. The 227 

experimenter ensured that selected birds were not tightly packed within a group 228 

before approaching. The approach consisted of slowly walking towards the bird at a 229 

constant speed.  At the point when the selected bird retreated, the approximate 230 

distance (in cm) between the experimenter and the bird was recorded using a 231 

standard measure as a guide.      232 

A novel object was also presented in 1 randomly-selected quadrant in each house 233 

each week. The experimenter gently placed the novel object upright among the birds 234 

and walked to a distance of approximately 4m away. Observations were taken from 235 

a standing position on top of a straw bale. The latency of the first bird to approach 236 

and contact the object after it had been placed on the ground was measured using a 237 

stop watch. If no bird approached the object within 5 min a maximum latency of 300s 238 

was recorded and the test was terminated. The number of birds that made contact 239 

with the object in the sixty seconds following the first contact with the object was also 240 

recorded, along with the number of birds within 50 cm of the object at 300s. Three 241 

different novel objects were presented within each treatment each week in the 242 

following order; a child’s yellow plastic chair (30x30x70cm), a red gardening basket 243 

(or ‘trug’) (40x60cm diameter) and a blue storage container to keep items cool (or a 244 

‘cool box’) (30x50x60cm). The same novel object was presented in all houses during 245 

the same week throughout all cycles. 246 

 247 

Use of enrichment 248 

A video camera placed on a tripod was used to record behaviour directed towards 249 

enrichment.  Perch recordings took place during the following time periods: 0900 to 250 



1000 hours, 1100 to 1200 hours, 1300 to 1400 hours and 1500 to 1600 hours. String 251 

recordings took place on the same day during the following time periods: 1000 to 252 

1100 hours, 1200 to 1300 hours, 1400 to 1500 hours and 1600 to 1700 hours.  253 

During these times 1 perch or piece of string was filmed for a 30 min period in each 254 

of the 2 houses provided with these enrichments. Two perches or pieces of string 255 

from centre quadrants and 2 from edge quadrants were filmed in each house each 256 

day in order to balance any effects of enrichment location. During later analysis, the 257 

first 5 min of each recording was disregarded in order to allow a settling period for 258 

the birds. The total number of times the perch or string was used by any bird was 259 

recorded, along with the duration of each bout, during the remaining 25 min. Bouts 260 

beginning prior to the 25 min observation window or ending after this period were 261 

disregarded in the analysis of both duration and frequency of perching and pecking 262 

as their duration could not be accurately ascertained. Data comprising the start and 263 

end times of each bout of perching and pecking were also used to deduce the 264 

number of bouts that overlapped (i.e. each bout which had a start time prior to the 265 

end time of a previous bout, resulting in more than 1 animal using the enrichment 266 

simultaneously). The number of overlapping bouts was then calculated as a 267 

percentage of the total number of bouts. Bouts beginning prior to the twenty-five 268 

minute observation window and ending after this period were included in this 269 

analysis. 270 

 271 

Leg health 272 

Leg health was assessed using a latency to lie test (Weeks et al., 2002; Berg and 273 

Sanotra, 2003) and spontaneous gait scoring. Each assessment was performed in 274 

twenty-five randomly selected quadrants following behavioural measures in each 275 



house on day 1 of each week.  One bird was randomly selected from each quadrant 276 

each week for gait scoring, and one bird for latency to lie testing, which was carried 277 

out as in Bailie et al. 2013. Gait was scored on a scale of 0-5 where 0 = normal 278 

movement and 5 = unable to walk (Kestin et al., 1992).  Measures of leg health were 279 

carried out within 1 house before moving on to a second house, and the first house 280 

used in observations was alternated weekly. The number of birds culled for leg 281 

problems by day 30 of the rearing cycle was recorded for each cycle in each house 282 

using company records. The incidences of podo dermatitis and hock burn at 283 

slaughter were recorded by slaughterhouse staff as in Bailie et al. (2013).  284 

 285 

Environmental parameters 286 

Light intensity (lux) values and UV wavelengths (µW/cm²) were recorded 287 

immediately following behavioural observations from the centre of the 6 quadrants 288 

videoed for activity levels and from the area beside filmed perches and strings in 289 

each house each week using a light meter (Digital lux meter LX1010B, Handsun Co. 290 

Ltd, China) and a UV meter (UV-340 meter, Lutron Electronic Enterprise Co. Ltd. 291 

Taiwan) as in Bailie et al. (2013). Daily temperature and humidity levels were taken 292 

from farm records. 293 

 294 

Productivity and mortality 295 

The number of birds culled for reasons other than leg problems and mortalities by 296 

day 30 of the rearing cycle, and the cumulative percentage of dead birds by this 297 

point, were recorded for each cycle in each house using company records. Slaughter 298 

weights were taken from farm records at thinning and clearing. The farmer culled as 299 

normal throughout the study.  300 



 301 

Statistical analysis 302 

Data were analysed using SPSS (v20). Due to a problem with the video recordings 303 

of perches and string, data for 1 of the 4 observations was missing from cycle 2 304 

week 5 for usage of both types of enrichment. All treatments were balanced across 305 

houses during the 4 replications, and analysis was carried out as for a balanced 306 

Latin square design. A histogram of the residuals was plotted for each variable each 307 

week and was scrutinised for normality. Residuals were also subjected to statistical 308 

testing for normality using the Shapiro-Wilk test. Data for light intensity and UV 309 

recorded in the vicinity of enrichment stimuli, the cumulative percentage of dead 310 

birds at day 30 of the rearing cycle, bout lengths of pecking at string and bout 311 

lengths of perching were subjected to a log10 transformation in order to achieve a 312 

normal distribution. Data containing zero values had 0.5 added to each value prior to 313 

transformation. The means of normally-distributed transformed and untransformed 314 

data were compared using ANOVA with ‘cycle’ and ‘house’ as blocking factors.  315 

Normally distributed data on behaviour and leg health, collected during weeks 3, 4 316 

and 5 of the rearing cycle, were compared using ANOVA with ‘string*perches*week’ 317 

as treatment factors and significant differences between weeks were ascertained 318 

using Tukey HSD post hoc tests. Normally distributed data on the use of string were 319 

analysed using perches*week as treatment factors, and data on the use of perches 320 

were analysed using ‘string*week’ as treatment factors. For each measure, average 321 

values per treatment, week and replicate were used as experimental units, and all 322 

main and interactive effects were determined in analysis. Normally distributed data 323 

collected from farm records were analysed using ANOVA with ‘string*perches’ as 324 

treatment factors. Average values per treatment and replicate were used as 325 



experimental units, and all main and interactive effects were determined in analysis. 326 

Back transformed means, with 0.5 removed from each value where appropriate, are 327 

presented in the results section. Root mean square error (RMSE) values are 328 

presented for ANOVA data and were calculated by taking the square root of error 329 

mean square values. However, data from a small number of measures remained 330 

non-normally distributed following transformation; therefore a Kruskal-Wallis test was 331 

used to compare ranked means of treatment groups. 332 

 333 

Results 334 

Environmental parameters 335 

There were no significant differences between treatments in light intensity (+S 62.9, -336 

S 63.9, p=0.88; +P 61.0, -P 65.8, R.M.S.E. 23.24 lux, p=0.48) or UV wavelengths 337 

(+S 3.4, -S 3.3, , p=0.73; +P 3.3, -P 3.4, R.M.S.E. 1.23 µW/cm², p=0.64). There was 338 

also no significant difference in the light intensity that birds from the +P and -P 339 

treatments were exposed to in the vicinity of string (+P 79.5, -P 69.7, R.M.S.E. 0.31 340 

lux, p=0.59) and in the UV content of light near strings (+P 4.3, -P 3.8, R.M.S.E. 0.28 341 

µW/cm², p=0.88). There was no significant difference in the light intensity that birds 342 

from the +S and -S treatments were exposed to in the vicinity of perches (+S 67.3, -343 

S 54.6, R.M.S.E. 0.28 lux, p=0.08) or in the UV content of light near perches (+S 3.3, 344 

-S 2.6, R.M.S.E. 0.28 µW/cm², p=0.12). 345 

 346 

Behaviour 347 

Group scans 348 

On average there were 83 (±25) birds present in each scan observation. Provision of 349 

string had no significant main effect on the percentage of birds observed lying (+S 350 



77.4 -S 78.4, R.M.S.E. 3.99%, p=0.40) and standing (+S 22.6 -S 21.7, R.M.S.E. 351 

3.99%, p=0.40). Provision of perches had no significant main effect on the 352 

percentage of birds observed in locomotion (+P 3.5 -P 3.5, R.M.S.E. 0.77%, p=0.82). 353 

However, there was an interaction between perches and age in the percentage of 354 

birds observed lying (week 3 +P 77.0 -P 80.9, week 4 +P 79.5 -P 75.2, week 5 +P 355 

78.4 -P 76.2, R.M.S.E. 3.99%, p=0.02) and standing (week 3 +P 23.0 -P 19.1, week 356 

4 +P 20.5 -P 24.8, week 5 +P 21.6 -P 23.8, R.M.S.E. 3.99%, p=0.02), with the 357 

presence of perches leading to a decrease in lying behaviour in week 3 and an 358 

increase in weeks 4 and 5. There was an interaction between string and bird age in 359 

the percentage of birds observed in locomotion (week 3 +S 4.9 -S 3.9, week 4 +S 360 

3.3 -S 3.7, week 5 +S 2.6 -S 2.8, R.M.S.E. 0.77%, p=0.04); with the presence of 361 

string leading to an increase in locomotion in week 3 but not in weeks 4 and 5. 362 

 363 

Flight distance 364 

Provision of string and perches had no significant effect on the flight distance of 365 

birds. However, there was a significant effect of age on flight distance, with average 366 

flight distance decreasing across weeks (Table 2).  367 

 368 

Reaction to a novel object 369 

Neither the provision of string or perches had a significant effect on the latency to 370 

touch a novel object or on the number of birds clustered within 50 cm of the object at 371 

300 s (Table 2). There was no significant effect of string or perches on the number of 372 

birds that touched the object within 60s of the first touch occurring (ranked means: 373 

+S 25.4, -S 23.6, χ²(1, N = 48) 0.25; ranked means: +P 24.6, -P 24.6, χ²(1, N = 48) 374 

0.00). Age had a significant effect on the latency to touch a novel object, on the 375 



number of birds within 50 cm of the novel object at 300 s (Table 2), and on the 376 

number of birds to touch the object within 60 s of the first touch occurring (ranked 377 

means: week 3 32.4, week 4 20.9, week 5 20.2, χ²(1, N = 48) 10.26, p=0.01). Birds 378 

gathered near the novel object in smaller numbers as they aged, and fewer birds 379 

approached and touched the object in the 60 s prior to the first bird making contact.  380 

 381 

Use of strings 382 

On average, there were 19.2 (±14.08) individual bouts of pecking at string per 25 min 383 

observation, and the average pecking bout lasted 4.2 (±2.0) s. The percentage of 384 

bouts of pecking that overlapped with at least 1 other previous bout of pecking 385 

ranged from 0 to 20% across all observations, with an average value of 3.4%.  386 

Provision of perches had no significant effect on the average frequency of string 387 

pecking per 25 minute observation (ranked means: +P 46.0, -P 50.1, χ²(1, N =95) 388 

0.52), or on the percentage of bouts of string pecking where more than 1 bird was 389 

involved (ranked means: +P 45.9, -P 50.1, χ²(1, N =95) 0.70). Provision of perches 390 

had no significant effect on the average length of pecking bouts (+P 4.3, -P 4.2, 391 

R.M.S.E 0.2 s). 392 

There was a significant effect of age on the frequency of string pecking per 393 

observation (week 3 64. 7, week 4 48.4, week 5 30.4, χ²(1, N =95) 24.36, p<0.01, 394 

and on the percentage of bouts of pecking that overlapped with at least 1 other bout, 395 

with birds tending to peck less frequently, and exhibiting fewer overlapping bouts of 396 

pecking with age (ranked means: week 3 59.4, week 4 46.3, week 5 38.0, χ²(1, N 397 

=95) 12.58, p<0.01). However, age had no significant effect on the average length of 398 

pecking bouts (week 3 4.2, week 4 3.9, week 5 4.6, R.M.S.E 0.2 s). 399 

 400 



Use of perches 401 

On average, there were 15.1 (±13.6) bouts of perching per 25 min observation, with 402 

an average perching bout lasting 117.4 (±92.7) s. The percentage of bouts of 403 

perching that overlapped with at least 1 other previous bout of perching ranged from 404 

0 to 100% across all observations, with an average value of 65.4%.  405 

Provision of string had no significant effect on the average frequency of perching per 406 

observation (+S 13.8, -S 16.2, R.M.S.E 9.06, p=0.20) or on average bout length (+S 407 

110.1, -S 111.3, R.M.S.E. 0.35 s, p=0.31). Provision of string also had no significant 408 

effect on the percentage of perching bouts that overlapped with at least 1 other (+S 409 

73.5, -S 70.2, R.M.S.E. 30.87%, p=0.61).  410 

The frequency of perching per 25 minute observation increased with age and peaked 411 

during week 5 (week 3 4.1, week 4 16. 8, week 5 24.2, R.M.S.E. 9.06, p<0.01).  Age 412 

also affected bout lengths of perching, which increased from weeks 3 to 4 and 413 

decreased slightly from week 4 to 5 (week 3 85.2, week 4 124.9, week 5 123.0, 414 

R.M.S.E. 0.35, p=0.43). There was also a significant increase with age in the 415 

percentage of bouts of perching that overlapped with at least 1 other bout (week 3 416 

43.5, week 4 80.7, week 5 91.3, R.M.S.E. 30.87%, p<0.01).  417 

 418 

Leg health 419 

Neither the provision of string or perches had a significant main effect on gait scores 420 

(Table 2). There was however an interaction between age and string on average gait 421 

scores, with +S birds displaying lower gait scores than –S birds during weeks 3 and 422 

5 but not during week 4 (week 3: +S 0.7, -S 0.9, week 4: +S 1.5, -S 1.4, week 5: +S 423 

1.9, -S 2.0, R.M.S.E. 0.13, p=0.048). There was no significant effect of string or 424 

perches on latency to lie, however there was a significant effect of age on this 425 



parameter (Table 2), with latency to lie decreasing across weeks. Treatment had no 426 

effect on the numbers of leg culls recorded between days 1 and 30 of the rearing 427 

cycle or on the total incidence of hock burn and podo dermatitis recorded during 428 

thinning and clearing (Table 3). 429 

 430 

Culls, mortalities and productivity 431 

Treatment had no significant effect on mortalities and the cumulative percentage of 432 

dead birds recorded between days 1 and 30 of the rearing cycle, or on the average 433 

slaughter weight of birds recorded during thinning and clearing (Table 3). Treatment 434 

also had no significant effect on numbers of culled birds recorded between days 1 435 

and 30 of the rearing cycle (ranked means: +S 8.4, -S, 8.6, χ²(1, N =16) =0.01, 436 

p=0.92, ranked means: +P = 8.7, -P = 8.3, χ²(1, N = 16) = 0.03, p =0.88). 437 

 438 

Discussion 439 

Although layer chicks have been shown to be interested in, and peck at, bunches of 440 

string (Jones et al., 2000), this did not appear to be the case in previous research 441 

conducted under experimental conditions with broiler chickens (Arnould et al., 2004). 442 

However, results of the current study suggest that the chickens were interested in 443 

string, with a bout of pecking occurring approximately every 78s at each piece of 444 

string. The fact that strings were presented close to feeders possibly increased the 445 

number of birds in the vicinity of them and may have increased usage. Unfortunately 446 

the methodology employed did not allow for the identification of individual birds. 447 

Therefore it is possible that the use of string by certain individuals remained low; as 448 

in previous studies (Arnould et al., 2004).  449 



The frequency of string pecking declined with age, while bout lengths remained 450 

consistent throughout the rearing cycle. This may have been due to the increased 451 

difficulty in standing experienced with age; this was also reflected in reduced latency 452 

to lie times across weeks. Only approximately 4% of pecking bouts involved 2 or 453 

more birds, which may suggest a lack of social facilitation in the elicitation of this 454 

behaviour. However, this may simply reflect the short bout lengths of string pecking, 455 

at approximately 4s on average, or difficulty in large numbers of birds accessing 456 

lengths of string simultaneously. 457 

Previous research has assessed levels of usage of perches through instantaneous 458 

scan sampling (i.e. Le Van et al., 2000; Martrenchar et al., 2000; Pettit-Riley and 459 

Estevez, 2001), which leads to difficulties in making comparisons with this study.  460 

However, perches appeared to be used frequently in the current study, with a bout of 461 

perching occurring approximately every 99s on each perch.  The design of the 462 

perches within this study, in particular the low height at which the horizontal perching 463 

bar was placed above the ground (Davies and Weeks, 1995), may have facilitated 464 

easy access. The increase in the frequency of perching with age agrees with the 465 

results of previous research (Le Van et al., 2000) and was probably due to the 466 

increase in ease with which birds could access perches as they grew. 467 

The average bout length of perching was short at just under 2 min. Genetic selection 468 

for rapid weight gain and increased breast size (Corr et al., 2003) may change the 469 

centre of gravity of birds and negatively affect the birds' ability to balance on a perch 470 

and thus lead to short perching bouts. In addition to this, skeletal abnormalities of the 471 

legs and feet and associated lameness among commercial flocks (Kestin et al., 472 

1992) may negatively affect the ability of broiler chickens to remain on perches. This 473 

may be due to either mechanical reasons, such as structural deformities of the feet 474 



inhibiting birds’ ability to grip the perch, or the pain this may cause in chronically 475 

lame birds (Danbury et al., 2000). Over 65% of the bouts of perching involved 2 or 476 

more birds on the perch. This may reflect a high level of social facilitation or 477 

motivation to perch within commercial broiler flocks, along with a perch design that 478 

enabled access by a number of birds at the same time. 479 

The provision of string and perches had no significant main effect on activity levels 480 

recorded out of the vicinity of these enrichments. However, there was an interaction 481 

between perches and age in the percentage of birds observed lying. The percentage 482 

of +P birds observed lying was higher compared to –P birds during weeks 4 and 5. 483 

This finding supports the suggestion that birds supplied with ramps and barriers 484 

spend more time sitting than control birds (Bessei, 1992b). Past research has 485 

suggested that birds approaching feeders and drinkers disturb other individuals in 486 

the vicinity, which leads to increased activity levels in those areas (Arnould and 487 

Faure, 2004). A similar effect may have taken place in areas furnished with perches. 488 

This may have led to a potential decrease in local stocking density and in bird 489 

'jostling' or disturbances in other areas (Hall, 2001), increasing opportunities for 490 

undisturbed resting. The increased activity involved in mounting and dismounting 491 

perches may have also made birds tired and more prone to resting. There was also 492 

an interaction between string and age in the percentage of birds observed in 493 

locomotion, with a greater percentage of -S birds than +S birds observed in 494 

locomotion during weeks 4 and 5 of the rearing cycle. As with the provision of 495 

perches, the reduced activity observed in +S birds in areas of the house away from 496 

enrichment stimuli may have been due to increased activity taking place in the 497 

vicinity of strings. 498 



Light intensity and UV content have both been shown to influence the activity levels 499 

of broiler chickens (Newberry et al., 1988; Maddocks et al., 2001). This study was 500 

performed in windowed houses, resulting in possible variation in light intensity and 501 

UV wavelengths within houses. However, all houses were supplied with identical 502 

artificial lighting in addition to windows, treatments were randomised among houses 503 

during each cycle, and no significant differences in light intensity or UV wavelengths 504 

were recorded between treatment groups. Therefore it is unlikely that minor 505 

variations in these factors were sufficient to affect activity levels. 506 

Provision of string and perches had no significant effect on measures of fearfulness. 507 

This may have been due to individual differences in access to enrichment stimuli 508 

within houses. A greater degree of interaction with enrichment stimuli may have 509 

resulted in less fearful birds, whereas limited or no interaction may have produced 510 

more fearful birds (Jones and Waddington, 1992). Birds appeared to display a 511 

reduced flight distance with age but conversely took longer to approach and make 512 

contact with a novel object. The results of these tests may perhaps reflect limitations 513 

in bird mobility with age (eg. Kestin et al., 1992) rather than an increase or decrease 514 

in fearfulness. This is supported by the fact that latency to lie times significantly 515 

decreased across weeks. The propensity of younger birds to gather in greater 516 

numbers around objects than older birds echoes the results of past research (Kells 517 

et al., 2001; Bailie et al., 2013).  518 

Previous studies have shown mixed effects of perches and barriers on leg health, 519 

with several studies reporting no effect of perches on gait score (eg. Bessei, 1992b; 520 

Su et al., 2000). The provision of perches had no effect on any measures of leg 521 

health recorded within this study. Due to constraints on time and labour, gait and 522 

latency to lie were scored in only 0.1% of the population of birds studied. However, 523 



this sample size highlighted significant age effects in both gait score and latency to 524 

lie measures in this study, and significant environmental enrichment effects in these 525 

measures in previous research (Bailie et al., 2013).  Although string exerted no main 526 

effects on leg health, there was an interaction between string and age on average 527 

gait scores. Birds provided with string displayed slightly improved walking ability 528 

during weeks 3 and 5 of the rearing cycle. The increase in walking ability may have 529 

been linked to the increase in locomotion observed in birds provided with string 530 

during week 3 of the rearing cycle. The activity levels of broilers at early and later 531 

ages have been shown to be positively correlated. Therefore, it has been suggested 532 

that selection for more mobile chicks may therefore have the potential to reduce the 533 

occurrence of leg abnormalities later in the rearing cycle (Bizeray et al., 2000). 534 

However, although statistically significant, the difference in locomotion score 535 

between treatments was numerically small.  This, coupled with a lack of effect on 536 

latency to lie behaviour, suggests that the effects of string provision on leg health 537 

were not strong.   In line with the results of previous studies (eg Simsek et al., 2009), 538 

culls performed for reasons other than leg problems, mortality and slaughter weights 539 

were unaffected by the provision of string and perches, indicating that the provision 540 

of these types of enrichments in these amounts had no negative effects on 541 

productivity.   542 

In conclusion, the results of this study confirm that broiler chickens housed in 543 

commercial windowed houses use perches and string when they are provided.  The 544 

level of usage observed suggested that they were attractive to birds and thus had 545 

welfare benefits.  However further investigation of the nature of usage by individual 546 

birds is needed. The provision of string and perches exerted no significant main 547 

effects on the measures of bird activity, leg health or fearfulness employed within this 548 



study.  An interaction between string and week suggested a beneficial effect of string 549 

provision on gait score in certain weeks of the cycle.  However, this effect was 550 

numerically small and was not accompanied by a reduction in latency to lie times.  It 551 

strongly suggests though that further research into the leg health effects of providing 552 

different types and levels of pecking devices to commercial broiler chickens is 553 

warranted.  Interactions between week and both types of enrichment suggested a 554 

reduction in activity levels (recorded away from the enrichment) during later weeks of 555 

the cycle when enrichment was provided.  The reason for this is not clear and an 556 

assessment of the effects of enrichment on overall levels of activity (including activity 557 

in the vicinity of and away from enrichment items) would be useful in future studies.  558 

The provision of perches did not appear to be an effective tool to improve leg health 559 

under the ‘real world’ conditions used in this study.  It is clear that careful 560 

consideration needs to be given to their design and layout if this is the key goal in 561 

their provision within windowed houses.   562 
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Table 1 Replication of treatments across cycles and houses 

Cycle House 1 House 2 House 3 House 4 
1 +S+P +S-P -S+P -S-P 
2 -S-P -S+P +S-P +S+P 
3 -S+P -S-P +S+P +S-P 
4 +S-P +S+P -S-P -S+P 

+S = provided with S, -S = no access to string, +P = provided with perches, -P = no access to 
perches 

 

 

 



 

Table 2 Main effects of string, perches and bird age on normally distributed measures of fearfulness and leg health recorded during weeks 
3, 4 and 5 of the rearing cycle 

 String  Perches   Age    

 +S -S  +P -P  Wk3 Wk4 Wk5  R.M.S.E p(S) p(P) p(Wk) 

Flight distance (cm) 62.1 67.6  63.9 65.8  71.1a 70.1a 53.4b  14.3 0.2 0.7 <0.01  
Latency to touch novel object (s) 231.8 222.9  229.0 225.7  167.9a 231.1ab 283.0b  83.0 0.7 0.9 <0.01  
Birds within 50cm of novel object¹ 8.1 9.6  8.8 8.9  14.6a 7.3b 4.7b  6.7 0.5 1.0 <0.01  
Gait score    1.4 1.4      0.1  0.4  
Latency to lie (s) 19.5 18.8  18.7 19.6  22.5a 20.1a 14.9b  4.1 0.5 0.5 <0.01 
¹No. of birds within 50cm of novel object at 300s. +/-S = presence or absence of string, +/-P= presence or absence of perches for all behaviours (df 1, 
47). Means are presented for each treatment. Data not represented here are subject to an interaction effect. Data analysed by ANOVA with 
‘String*Perches*Week’ as a treatment factor and ‘Cycle’ and ‘House’ as blocking factors. All measures recorded during weeks 3, 4 and 5 of the rearing 
cycle. a,b means in the same row with a different superscript differ significantly 

 



 

 
 
 
 

Table 3 Main effects of string and perches on normally distributed measures of leg 
health, productivity and mortality taken from farm records 

 String  Perches   

 +S -S  +P -P R.M.S.E p(S) p(P) 

Hock burn incidence (%)¹ 12.8 9.3  10.0 12.1 3.9 0.1 0.3      
Podo dermatitis incidence (%)¹ 88.2 89.5  87.8 89.9 8.0 0.8 0.6      
Slaughter weight (g)1 2196 2151  2188 2159 46.8 0.1 0.3      
Leg culls² 92.0 95.6  95.1 92.5 27.9 0.8 0.9     
Mortalities² 94.8 96.9  94.3 97.4 17.9 0.8 0.7     
Cumulative dead birds (%)² 2.3 2.3  2.4 2.3 0.0 0.9 0.7 
+/-S = presence or absence of string, +/-P= presence or absence of perches for all 
behaviours (df 1, 15). Means are presented for each treatment. Data analysed by ANOVA 
with ‘String*Perches’ as a treatment factor and ‘Cycle’ and ‘House’ as blocking factors. 
¹Recorded at thinning and slaughter. ²Recorded at day 30 of the rearing cycle. 
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