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Abstract  

We hypothesised that living in an environment offering multiple vs single variants 

of different resources is rewarding, with long-term organisational effects on 

behaviour. We investigated this hypothesis in laying hen pullets (Gallus gallus 

domesticus, n=364) reared in pens with one or four litter and perch types, 

respectively (n=8 pens/treatment). After 4 weeks (Period 1), half of the pens were 

switched to the opposite treatment (Period 2). From 16-27 weeks (Period 3), all 

groups were kept in similar adult laying pens. We assessed frequencies of 

behaviour associated with pleasurable vs aversive affective states. In support of 

our hypothesis, the opportunity to choose between multiple litter and perch types 

when young was associated with higher levels of positively-valenced play in 
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Period 1 and dustbathing in Periods 2 and 3, and lower levels of negatively-

valenced severe feather pecking in Periods 1 and 2 and aggressive pecking in 

Period 3. More choices in Period 2 also led to better plumage condition in 

Periods 2 and 3, and higher growth in Period 3. We conclude that the opportunity 

to choose among different litter and perch types, vs having access to one type of 

each, had long-term beneficial effects on laying hen welfare. 

 

Key words: animal welfare, behavioural development, environmental 

enrichment, environmental complexity, resource choice, affective states, positive 

welfare 

 

1. Introduction 

To improve the quality of life of captive and domestic animals, there is increasing 

interest not only to alleviate suffering but also to promote positive affective states 

[1 4]. Providing an environment with multiple variants of different resources to 

choose between could be an important source of environmental enrichment, 

promoting positive affective states for animals with an evolutionary history of 

natural selection in complex, heterogenous environments. In humans, the 

opportunities for decision-making are reported to lead to a greater perception of 

freedom and control [5,6]. Similarly, housing with opportunities to make choices 

may give animals an increased sense of control over their environment [7], along 

with reward from using the selected option [8]. In contrast, lack of choice is 

perceived negatively by humans, lowering motivation and sense of control [5,6]. 
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In animals it may contribute to boredom [9], as well as redirection of behaviour to 

inappropriate targets (e.g.[10]). 

 

While some choice may be positive, a large number of choices may be 

associated with psychological choice overload in humans [11,12]. Factors 

influencing perception of choice include the degree to which options can be 

categorised according to usefulness, ease of evaluating trade-offs between 

choices and degree of time pressure to make a decision between available 

options [12]. Deciding among choices also depends on the cost of each option 

13,14] and future needs. Memory of post-

choice reward from similar decisions made in the past is relevant to current 

choices [15], which can be influenced by the extent to which prior choices were 

perceived as final or reversible [16]. These findings suggest that providing a 

moderate, but not overwhelming, amount of choice in captive and domestic 

animal environments is likely to be beneficial for animal welfare.  

 

Long-term learning and epigenetic processes channelling future behaviour are 

influenced by characteristics of the habitat to which individuals are exposed 

during early life when habitat preference is imprinted [17,18]. Exposure to a more 

heterogeneous habitat in early life may result in establishment of a broader 

habitat preference template. Developing familiarity with a broad constellation of 

environmental stimuli when young should aid adaptation to future environmental 

change because a greater proportion of the stimuli encountered following the 

change are likely to be familiar. Familiarity reduces fear, thereby speeding 

exploration of the novel components of the changed environment [15,19]. Thus, a 
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diverse early environment should have beneficial effects on adaptability by 

providing a broad foundation for subsequent decision-making when exposed to 

unpredictable novelty. Furthermore, because behavioural plasticity is higher in 

juveniles than adults due to more rapid neurological development [20,21], 

learning to cope with the cognitive challenge imposed by choice in the 

environment should be more effective in juveniles than adults. In animal 

husbandry, providing a choice of several variants of different resources 

 rearing may be particularly important. For example, in 

domestic fowl (Gallus gallus domesticus) of strains selected for high egg 

production, it is standard commercial practice to rear pullets (young females) in 

one environment and later move them to a different environment for the adult, 

egg production phase of their lives. 

 

Assessment of indicators of positive and negative affective states would provide 

insights into the extent to which pullet welfare is affected by environmental 

heterogeneity. While affective states are subjective, coloured by how individuals 

perceive their environment and experiences, they can be inferred from the 

performance of the different behaviours that they motivate. A positively-valenced 

state of playfulness is inferred from play behaviour [22,23], which is more likely to 

occur under safe, resource-abundant, fitness-promoting environmental conditions 

[24,25]. Play involves having fun and has been hypothesised to serve an 

adaptive function by generating opportunities for learning to cope with future 

unexpected situations [25]. Play is most common in young individuals that have 

the most to learn [26], including chickens [27], and has been correlated with 

growth rate [28] and survival rate [29,30] in some species. Dustbathing is another 
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positively-valenced behaviour of chickens [31], contributing to comfort and fitness 

by cleaning and fluffing up the feathers [32,33]. While play and dustbathing are 

suppressed under potentially unsafe environmental conditions, they rebound 

when conditions improve [27,34] and can, thus, serve as indicators of a current, 

acute state of positive welfare. If the prevalence of these behaviours is 

repeatedly found to be higher in one environment than another, based on 

spontaneous behaviour under undisturbed conditions and not just in response to 

an immediate change in conditions, higher levels can be interpreted to indicate a 

higher level of positive welfare in that environment at the flock level.  

 

Forms of behaviour associated with negatively-valenced affective states in 

chickens include vigilance, aggressive pecking and severe feather pecking. 

Vigilance refers to alert behaviour expressed in response to potential danger 

(e.g. [35,36] and serves as an indicator of anxiety [37]. Aggressive pecking is 

associated with frustration of access to resources and escalated resource 

defence [38,39] while feather damage due to severe feather pecking impairs the 

thermoregulatory and flight ability of laying hens and can lead to cannibalism-

related mortality [40,41]. Aggressive pecking and severe feather pecking are 

painful for the receiver if resulting in wounds or feather removal [42]. Thus, an 

elevated prevalence of these fitness-threatening behaviours within a flock serves 

as an indicator of negative emotional valence at the flock level.  

 

The aim of this study was to examine long-term organisational effects of early 

access to a heterogeneous environment offering multiple choices of litter and 

perch types on the behaviour of laying hens. We chose laying 
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hens as our model species because they are readily available and their rearing 

conditions are reported to have long-term effects on their behaviour and welfare 

(e.g. [43 47]). Over three age periods, we compared the behaviour of 

experimental groups kept in environments with one or four litter and perch types, 

respectively. We hypothesised that, if different resource variants vary in their 

utility for different functions, provision of multiple variants would promote reward 

across diverse activities, with long-lasting organisational effects on behaviour. 

Specifically, we predicted that access to multiple litter and perch types vs only a 

single variant of each resource would increase the frequencies of play and 

dustbathing behaviour (associated with positively-valenced affective states) and 

decrease the frequencies of vigilance, aggressive pecking and severe feather 

pecking behaviour (associated with negatively-valenced affective states). We 

also expected that a heterogenous environment offering multiple choices of litter 

and perch types (resource choice) would result in fitness-promoting outcomes 

including higher growth rates, less feather damage, fewer comb wounds, and 

lower mortality than found in a homogeneous environment with a single type of 

each resource. Further, we predicted that the effects of early environmental 

heterogeneity on behavioural frequencies and fitness-related outcomes would be 

long-lasting, persisting into adulthood when all birds were kept under similar 

conditions.  
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2. Methods 

 

The study was conducted at the Swedish Livestock Research Centre of the 

Swedish University of Agricultural Sciences in Uppsala, SE. All procedures were 

approved by the Uppsala Animal Experiment Ethics Board Number 5.8.18-

11549/2017 and all authors complied with the ARRIVE guidelines. Bovans 

Robust chicks (n=364) were obtained from a local commercial hatchery. The 

chicks were pseudo-randomly assigned to one of 16 groups in a manner that 

resulted in similar average bird weight and standard deviation across groups. 

Four groups comprised 22 chickens and the remaining groups comprised 23 

chickens. The groups were reared in separate pens from 1 day of age to 27 

weeks of age, with twice daily routine care (see Supplementary Table S1 for 

products used). The study time span was divided into three age periods. 

 

The rearing pens (245 x 120 x 180 cm), all located in one room, were set up with 

a drinker line with a wire on top to discourage perching, two feeders placed on 

the floor, a hanging infrared heat lamp for localised brooding warmth, and four 

perches (each perch 120 cm in length) with initial height of 15 cm. Heavy brown 

paper covered the pen walls up to a height sufficient to block visual contact 

between pens. Litter (approximately 3 cm deep) was provided in four shallow 

plastic trays (71 x 35 x 3.5 cm), and on the concrete floor to avoid chilling of the 

chicks. The litter trays were cleaned and refilled at 1- to 7-day intervals as 

needed to maintain continuous access to litter within. At 3 weeks, the perches 
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were raised to 45 cm, the water line was raised and the ground feeders were 

replaced with a round hanging feed hopper.  

 

Starter feed and water were provided ad libitum. Room temperature, light 

schedule and ventilation were automatically controlled. Room temperature was 

kept at 25 °C. Lights were on for 20 h on Day 1, 18 h on Day 2, 16 h for the rest 

of the week, 14 h in Week 2, 13 h in Week 3 and 12 h in Week 4. Apart from a 

15-min dawn and dusk at the start and end of each photoperiod, respectively, the 

mean light intensity in the pens was 18 lux at chick level (range: 7-37 lux). 

 

At the beginning of Week 5, the heat lamp was removed, the perches were 

raised to 55 cm, the four shallow litter trays were exchanged for deeper trays (78 

x 56 x 18 cm; 55 L) and litter was removed from the floor. The litter trays were 

cleaned and refilled once weekly to a depth of approximately 5 cm. The starter 

feed was exchanged for growing feed at 7 weeks of age. Room temperature was 

reduced to 20 °C at 8 weeks of age. The photoperiod was decreased by 1 

h/week from 12 h to 10 h and then held stable.  

 

In Week 16, all groups were transferred to new pens (362 x 356 x 297 cm) in 

another experimental room to simulate moving to a laying house. Each pen had 

two hanging feed hoppers containing layer feed, one bell drinker and two metal 

colony nests (115 x 46 x 30 cm each) accessible from a raised, sloping (-3.7°) 

plastic slatted floor area (230 x 356 x (maximum) 268 cm). At the back of the pen 
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was a concrete-floored litter area (132 x 356 x 297 cm) containing crushed straw 

pellets as litter (approximately 5 cm deep). Three shallow plastic trays were 

attached to the wall as platforms (each 71 cm long; 70, 155 and 220 cm above 

the concrete floor). The pens also contained a wooden perch (120 cm long; 187 

cm over slatted floor), a slanted perch stand with four plastic perches (each 155 

cm long; set at 43, 96, 149 and 205 cm high, respectively, over slatted floor) and 

five low plastic perches (320 cm long, 3 cm high) attached to the slatted floor. 

Room temperature was kept at 20 °C and the mean light intensity was 5.4 lux at 

hen level (range: 3-8 lux). The photoperiod, including a 15-min dawn and dusk, 

was 10 h to 20 weeks, then increased by 1 h weekly to 14 h. It was then kept 

steady to the end of the experiment (27 weeks), when the hens were adopted out 

to local farmers and chicken enthusiasts.  

 

In Period 1 (P1), pens were assigned to one of two environmental treatments 

(Fig. 1). Single-choice pens (S: n=8) had four perches of one perch type and four 

litter trays containing one litter type (with the same litter type on the floor). One 

perch type was paired with one litter type, resulting in four combinations that 

were balanced across pens (Fig. 2a). In this treatment, we were focussed on the 

general effects of having only one perch and litter type, regardless of differences 

in specific litter and perch characteristics. Multi-choice pens (M: n=8) had four 

different perch types and four different litter types (one type/tray; Fig. 2b). The 

relative location of each perch and litter type within the pen was balanced across 

M pens. The perch types were a pine plank (120x9.5x2 cm), a thick rope (three 

braided horse leads, 120x4x3 cm), a round rubber perch (120 cm long, diameter 
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3.5 cm) and a flat wire mesh perch in a spruce frame (120x13.5x1 cm, mesh 

openings 1 cm2). The litter types were fine-grained sand (maximum 0.03 mm 

diameter), wood shavings (dust-extracted mixed wood, mostly spruce), straw 

(100 % wheat, long-cut) and peat (100 % Sphagnum moss). One of these litter 

types also covered the pen floor (balanced across pens). See Supplementary 

Table S2 for pen details. 

 

At the beginning of Period 2 (P2), four pens/treatment were switched to the 

opposite treatment, resulting in four treatment combinations (Fig.1): S in both 

periods, S to M, M to S and M in both periods, arranged in a balanced block 

design with four blocks. After the move to the laying room (Period 3; P3), all 

groups were housed in similar pens (Fig. 2d) distributed across four blocks in a 

balanced block design. Blocking was done to control for possible small 

differences in environment across locations within experimental rooms. 
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Figure 1. Experimental design. In Period 1, groups (n=16) were assigned to 

one of two treatments: Single-choice with a single perch and litter type or 

Multi-choice with four perch and litter types. In Period 2, half the groups were 

switched to the opposite treatment. All groups were moved to similar pens for 

Period 3. 
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a Single-choice pens (Period 1) 
 Plank + Sand Rope + Shavings Rubber + Straw Wire + Peat 

     
     
b Multi-choice pens (Period 1) 

     
     

c 
Single-choice 
(Period 2) 

Multi-choice  
(Period 2)  d  Adult pen (Period 3) 

     

Figure 2. Examples of treatments. a) Single-choice pens in Period 1 (Week 1-4), 

illustrating pens with different single perch- and litter types. b) Multi-choice pens 

in Period 1 with four perch and litter types. Type of floor litter and the location of 

perch and litter types were balanced across Multi-choice pens. c) A Single-

choice and a Multi-choice pen in Period 2 (Week 5-15). Perch and litter type 

combinations as in Period 1 (litter in trays only). d) An adult laying hen pen in 

Period 3 (Week 16-27; all pens were similar).  
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Direct observations of each pen were made by three experienced observers on 

one to three days each week from Week 3-23, with rounds of observations made 

across different times of day between 0900 and 1800 h, in a balanced order 

across pens. For each pen observation, the observer sat still in the aisle by the 

pen door for a 15-s familiarization period, then conducted an instantaneous scan 

of the number of vigilant pullets followed by a 3-min scan for the occurrence or 

number of events of the remaining behaviours in the ethogram (Table 1; 

Supplementary Table S3). Each pen was observed 23 times during P1 (n=368; 

69 minutes/pen), 67 times in P2 (n=1072; 201 minutes/pen) and 18 times in P3 

(n=288; 54 minutes/pen). Inter-observer concordance was monitored regularly 

and maintained at 90% or higher. The visual difference between treatments 

(Figure 2) prevented blinding to the treatment under observation.  

 

Daily mortality was registered, and all birds were weighed in P1 (Day 17), and at 

the end of P2 (Day 108-109) and 3 (Day 184-186). At the time each bird was 

weighed in P2 and P3, damage to the feathers of two body parts (wings, tail) was 

scored and summed for statistical analysis. Comb wounds were also scored 

during the final weighing in Week 27 (Table 1). 
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Table 1. Response variables. Behavioural data were collected per pen. Health 

measures were collected per individual. 

Response 
variable 

Description Variable as analysed 

Behaviour 

Play One or more birds performs sudden 
running and/or sparring. Appear unserious 
and non-harmful, without resulting in vocal 

withdrawal. 

Occurrence (1/0) within pen 
during 3-min scan. 

Dustbathing One or more birds performs vertical wing 
shaking, side lying and/or rubbing of the 
head in the litter while lying. 

Occurrence (1/0) within pen 
during 3-min scan. 

Vigilance Bird sits or stands stationary on perch or 
floor, alert, with neck stretched and with 
either a fixed or rapidly moving gaze. 

Proportion of birds vigilant 
within pen/instantaneous scan 
before each 3-min scan. 

Aggressive 
pecking 

One or more pecks at the head (comb to 
base of neck) of a conspecific with a 
stabbing or pulling movement, resulting in 
an immediate reaction by the receiver 
(moving away and/or vocalising sharply). 

Number of pecks within pen/3-
min scan. 

Severe 
feather 
pecking 

One or more pecks at the feathers or skin 
of a conspecific, at any body region 
excluding the head (comb to base of 
neck), with stabbing or pulling movement, 
resulting in an immediate reaction by the 
receiver (moving away and/or vocalising) 

Number of pecks within pen/3-
min scan. 

Health 

Mortality Daily deaths (found dead and culled) 
registered by pen. 

Too rare for analysis. 

Body weight Each bird weighed to nearest g on Day 17 
(Period 1), 108-109 (end of Period 2) and 
184-186 (end of Period 3). 

Body weight/bird/period (g). 

Feather 
damage 
score 

Proportion of split, frizzy and broken 
-

100 %) for each of two body regions/bird 
(wings, tail), on Day 108-109 (end of 
Period 2) and 184-186 (end of Period 3). 

Summed score/bird. 

Comb wound 
score 

Number of 
scored as 1 (0-3), 2 (4-6) or 3 (>6), on 
Day 184-186 (end of Period 3). 

Score/bird. 
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2.4 Statistical analysis 

All statistical analyses were completed in R 4.0.2 [48], with statistical significance 

set at P<0.05. Due to repeated measures within pens, all variables were 

analysed using mixed models with pen as a random effect. Residual diagnostics 

plots for mixed models, computed using the DHARMa [49] package, were used 

to evaluate and confirm model fit. Binary and count data were analysed with 

generalised linear mixed models (GLMM), whereby parameters were estimated 

based on maximum likelihood with Laplace approximation. A binomial distribution 

was applied to the 1/0 variables (playing, dustbathing). Overdispersion of the 

count variables (aggressive pecking, severe feather pecking) was addressed by 

specifying a negative binomial distribution. As the proportion of vigilant birds 

(vigilance) and cumulative body weight were continuous variables with Gaussian 

distribution, linear mixed models (LMM) were fit with restricted maximum 

likelihood (REML) and T-tests were conducted using the Satterthwaite 

approximation for degrees of freedom. The packages lme4 [50] and lmerTest [51] 

were used for all GLMM and LMM analyses and the emmeans package [52] was 

used for computing 95 % confidence intervals (CI). For each behavioural 

response in P1, we evaluated the effects of block, observer and P1 treatment 

and, in P2 and P3, we included block, observer, P1 treatment, P2 treatment and 

their interaction. Similar models were run for body weight but without observer. 

Models were re-run excluding block and the interaction term as these factors 

were non-significant. Observer was also removed from the behaviour models as 

no consistent trends were observed. A separate model was used to assess 

changes in each response variable across P1, P2 and P3. For presentation, 
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proportions were transformed into percentages post-analysis (playing, 

dustbathing and vigilance). 

 

Mortality was too low for statistical analysis. As feather damage and comb wound 

scores were ordinal variables with repeated sampling within pen, we used 

cumulative link mixed models (CLMM; ordinal package [53] fit with Laplace 

approximation to evaluate the effects of block, P1 treatment, P2 treatment and 

their interaction on feather damage scores in P2 and P3, and comb wounds in 

P3. Block, and the interaction term, were non-significant and so dropped. 

 

Type II Wald Chi-square tests (GLMM - car package [54]; LMM  stat package 

[48]; CLMM  RVAideMemoire package [55]) were used to assess the 

significance of main effects for all models. Planned pairwise comparisons of 

significant fixed effects were performed using the emmeans package [52] before 

back-transformation of means to the response scale for presentation. For CLMM, 

this back-

transformed the ordinal levels of the response variable to a scale of 1-3 (due to 

three levels in ordinal response variables). Consequently, a constant of one (1.0) 

was subtracted from the pairwise comparison results of feather damage scores 

to transform the output to a scale of 0-2, a similar scale to the original summed 

scores. As comb wound scores already existed on a scale of 1-3, no post-

pairwise comparison transformation was needed. Supplementary Table S4 

provides an overview of models. 

 



;1�

3. Results 

Play was affected by treatment in P1 (X2
1=0.52, P=0.018), occurring more often 

in the M treatment than in the S treatment (Fig. 3a). Neither the P1 treatment nor 

the P2 treatment affected the occurrence of play during P2 or P3 (P>0.05). The 

occurrence of play declined over periods 2
2=124.67, P<0.001). 

 

Dustbathing was observed more often in S than M pens during P1 ( 2
1=7.90, 

P=0.005; Fig. 3b). P1 treatment did not affect dustbathing in P2 or P3 (P>0.05). 

However, the P2 treatment affected 2
1=6.80, P=0.009) and 

2
1=4.70, P=0.030), with dustbathing occurring more often in the M than S 

2
2=11.13, P=0.004). There was no 

difference between P1 and P2, but dustbathing occurred more often in P3 than in 

P1 or P2.  
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         a 

         

b

Figure 3. Behaviour (back-transformed mean % of scans with 95% CI) was 

associated with positive affective states across periods (1: Week 1-4; 2: 

Week 5-15; 3: Week 16-27): a) play and b) dustbathing. Bars with coloured 

outlines indicate an effect of the treatment experienced in Period 1 (Single-

choice, blue; Multi-choice, green). Colour-filled bars indicate an effect of the 

treatment experienced in Period 2 (Single-choice, blue; Multi-choice, 

green). Uppercase letters indicate period differences and lowercase letters 

indicate treatment differences (P<0.05).

The proportion of vigilant birds/scan was not affected by current or previous 

treatment in any period (P>0.05) but did differ between periods (F2, 1694=189.66, 

P<0.001; Fig. 4a). The highest level of vigilance occurred in P2, followed by P1 

and P3. 
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The frequency of aggressive pecking/scan was not affected by treatment in P1 or 

P2 (P>0.05). However, the P1 treatment affected the frequency of aggression in 

2
1=4.98, P=0.026; Fig. 4b), with pullets reared in the M treatment performing 

less aggressive pecking than pullets reared in the S treatment. The P2 treatment 

did not affect the expression of aggressive pecking in P3. Period affected 

2
2=50.26, P<0.001), which increased as the pullets grew 

older.  

 

The frequency of severe feather pecking/scan was affected by the P1 treatment 

2
1=12.93, P<0.001; Fig. 4c), being lower in the M than in the S treatment. The 

P1 treatment did not affect severe feather pecking during P2 (P>0.05) but the P2 

treatment affected severe feather pecking during 2
1=7.09, P=0.008), 

whereby pullets kept in the M treatment exhibited a lower frequency of severe 

feather pecking compared to those kept in the S treatment. The frequency of 

severe feather pecking expressed in P3 was not affected by the treatment 

2
2=43.36, P=<0.001), 

whereby pullets performed more severe feather pecking in P2 and P3 than in P1.  

� �
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a b c

Figure 4. Behaviour associated with negative affective states across 

periods (1: Week 1-4; 2: Week 5-15; 3: Week 16-27): a) vigilance 

(back-transformed least squares mean % of birds/scan), b) 

aggressive pecking (back-transformed mean frequency/scan) and c) 

severe feather pecking (back-transformed mean frequency/scan), 

with 95 % CI. Bars with coloured outlines indicate an effect of 

treatment experienced in Period 1 (Single-choice, blue; Multi-choice, 

green). Colour-filled bars indicate an effect of treatment experienced 

in Period 2 (Single-choice, blue; Multi-choice, green). Uppercase 

letters indicate period differences and lowercase letters indicate 

treatment differences (P<0.05).

From Week 1-27, five pullets died or were removed from the experiment (1.37 % 

total mortality; P1: 0.55 %; P2: 0.83 %; P3: 0 %), with mortality unrelated to 

treatment (too low for statistical comparison). Body weights in P1 (Day 17) and 

P2 (Day 108-109) were not affected by treatment (P>0.05; Fig. 5a). However, 
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pullets kept in the M treatment in P2 had higher body weights in P3 (Day 184-

186) than those kept in the S treatment (F1, 12.9=7.21, P=0.019). 

 

Feather damage scores were not affected by the P1 treatment in P2 or P3 

(P>0.05). Nevertheless, pullets kept in the M treatment in P2 had lower feather 

damage scores in both P2 and P3 (Fig. 5b) than pullets kept in the S treatment 

2
1

2
1=9.64, P=0.002). Comb wounds in P3 were 

unaffected by treatment in P1 or P2 (P>0.05; arithmetic mean score with 95 % CI 

on a scale from 1 to 3: 2.22 [2.14, 2.29]).  

 

See Supplementary Table S5 for back-transformed means with 95 % CI for each 

model, Supplementary Table S6 for odds ratios from significant pairwise 

comparisons, and Supplementary Table S7 for back-transformed mean with 95 

% CI for each treatment combination. 
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     a

     

b 

Figure 5. Health measures across periods (1: Week 1-4; 2: Week 

5-15; 3: Week 16-27): a) cumulative body weight (back-transformed 

least squares mean g) and b) feather damage score (back-

transformed mean of summed score), with 95 % CI. A score of 0 = 

<50 % of wing and tail feathers damaged, 1 = either wing or tail 

-100 % damaged and 2 = both wing and tail feathers 

-100 % damaged. Colour-filled bars indicate an effect of 

treatment experienced in Period 2 (Single-choice, blue; Multi-

choice, green). Uppercase letters indicate period differences and 

lowercase letters indicate treatment differences (P<0.05).
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4. Discussion 

We hypothesised that early life exposure to a more heterogenous environment 

with multiple litter and perch variants (resource choice) would be rewarding, 

promoting positive indicators of welfare, reducing negative indicators of welfare 

and having long-lasting organisational effects on behaviour. In support of this 

hypothesis, we found that pullets with the opportunity to choose between multiple 

litter and perch types displayed higher levels of positively-valenced behaviour 

(play and dustbathing), and lower levels of negatively-valenced behaviour 

(aggression and severe feather pecking), either at the time when multiple choices 

were offered or in adulthood when all hens were housed in a similar environment. 

These results were accompanied by indicators of higher fitness related to rearing 

in the M treatment (growth, feather condition), as expected if positive affective 

states reward and motivate fitness-promoting behaviour.  

 

As predicted, pullets were more likely to play in M than S pens, though only in 

P1. The higher heterogeneity of the M treatment presumably provided more 

learning opportunities compared to the less diverse S treatment in P1, stimulating 

more play and higher levels of reward [25,56]. The lack of detected treatment 

differences in P2 and P3 may have been related to declining levels of 

spontaneous play with increasing age that are consistent with previous 

observations on chickens [27,57 59] and other species [26]. 

 

As predicted, the M treatment resulted in more dustbathing in P2, with carry-over 

into P3, though less dustbathing was recorded in the M than S treatment in P1. 

The M birds may have been more adept at selecting to dustbathe in more optimal 
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litter materials in P2 and P3 following experience of dustbathing in the different 

litter choices in P1, when dustbathing bouts in less rewarding materials may have 

been truncated [33]. Overall, the number of scans in which dustbathing occurred 

was similar in P1 and P2, consistent with the observations of Keeling et al. [60] 

for the period 3-18 weeks. Dustbathing increased in P3 (adulthood), possibly 

related to the increased boldness of adult hens in lay [61,62] or increased 

plumage density and feather wear, thereby requiring more dustbathing to keep 

the plumage in good condition. 

 

We expected that lack of resource choices would lower perceived control over 

the environment, resulting in higher anxiety as expressed by greater vigilance in 

S than M pens. However, vigilance results were not affected by choice provision 

in any period. This finding could be related to the fact that observations were 

conducted on undisturbed birds. It does not discount the possibility that choice 

provision would affect vigilance when exposed to a stressor. We did find that 

vigilance varied with age, being highest in P2. We propose that the young chicks 

were more focused on exploring their environment in P1, when they had the most 

to learn [25], and may have been less attentive for potential threats than when 

they were older. An increase in vigilance from P1 to P2 is consistent with a 

reported increase in pullet vigilance while perching between 3 and 15 weeks of 

age [35], possibly associated with moulting of juvenile plumage. The drop in 

vigilance from P2 to P3 may have been influenced by an increase in boldness in 

adulthood [61,62]. The larger pens in P3 also provided more space for avoidance 

of perceived threats.  
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We detected no differences in the frequency of aggressive pecks between 

treatments until P3 when, consistent with our prediction, pullets that had 

experienced the S treatment in P1 performed more aggressive pecks. Our finding 

of rising levels of aggressive pecking with age was probably related to the rise in 

reproductive hormones with approaching puberty as described by McKeegan and 

Savory [63], who reported an increase in the frequency of aggressive pecking in 

laying hens after the onset of lay. This increase in aggressive pecking likely 

explains why we only detected a treatment difference in P3. The treatment 

difference may have been influenced by the higher play experience gained by M 

pullets in P1, which could have promoted the development of improved social 

skills and more positive relationships among flock mates. The higher growth rate 

of M vs S hens in Period 3 is consistent with less aggression during this period. 

We did not detect a corresponding treatment difference in comb wound scores in 

P3, probably because the aggressive pecks varied in whether they inflicted skin 

damage or not. In small groups such as observed in the current study, a 

dominance hierarchy would be expected to emerge in P2 [64], following which a 

would likely have had the greatest impact on 

severity of comb damage. 

 

Severe feather pecking was less frequent in the M than S treatment in P1 and P2 

as predicted, although without carry-over to P3. The diverse litter types in the M 

treatment likely attracted and maintained interest in foraging in the litter whereas 

the single litter type in S pens may have been less effective in maintaining 

interest, leading to a shift in attention towards conspecific feathers, especially 

during juvenile moulting and the emergence of flight feathers. In P3, higher adult 
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steroid levels may have overridden previous treatment effects on severe feather 

pecking, consistent with the observation that performance of this behaviour prior 

to the onset of lay is not a strong predictor of which hens will perform this 

behaviour in adulthood [65]. The higher levels of severe feather pecking in the S 

than M treatment in P2 were accompanied by higher feather damage scores in 

P2 that persisted in P3, presumably because there was no moulting and feather 

renewal during P3. 

 

We detected no interactions between treatment in P1 and treatment in P2 

overall. Depending on the variable, access to resource choice was beneficial in 

one period or the other and when present in both periods, the effects were 

neither magnified nor antagonistic. Further, across the measured variables, we 

found no support for a consistently stronger long-term effect of treatment in P1 vs 

P2 on outcomes in P3. From a practical perspective, it is fortunate that the 

transition from M in P1 to S in P2 did not increase negative outcomes relative to 

remaining in S from P1 to P2, given that removal of enrichments can have 

negative outcomes in some contexts [66 68]. Nevertheless, while it might be 

easier to provide resource choice for only a limited period during rearing, our 

findings support continued provision of choice throughout the whole rearing 

phase to maximise the welfare and fitness-related benefits of a choice 

environment. 

 

Additional research is needed to investigate responses to resource variants other 

than those used in the current study, and to examine the generalisability of the 

findings to other animal housing systems. We have made observations at the 
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pen level but, in future studies, it would be fruitful to investigate how different 

individuals within groups respond to multiple resource variants according to their 

personal preferences. Furthermore, for practical implementation, it will be 

necessary to establish optimal levels of accessibility to different resource variants 

(e.g. area or quantity/animal, and frequency of replenishment if ephemeral) under 

commercial conditions (i.e. large flocks) to avoid adverse effects due to resource 

competition. However, we did not find any indication of increased resource 

competition in the M treatment based on the methods of presenting resource 

choice in the current study. 

 

5. Conclusions 

Although much research has been conducted on effects of adding environmental 

enrichment materials and providing environments varying in structural 

complexity, few prior studies have focused on the long-term effects of providing 

domestic animals with resource choice. While resource choice implies 

environmental enrichment and increased environmental complexity, we 

hypothesised that early life exposure to resource choice itself has benefits. This 

could occur, for example, by stimulating learning to make fitness-promoting 

decisions about which substrate to use in different behavioural contexts, by 

providing early experience with diverse environmental stimuli such that it is 

easier to cope with subsequent environmental change, and by allowing 

expression of individual preferences that deviate from the group average. In 

support of our hypothesis, our findings indicate that the opportunity to choose 

between several types of litters and perches during rearing (P1 or P2) was 

mostly associated with higher levels of positively-valenced (pleasurable) 
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behaviour and lower levels of negatively-valenced (aversive) behaviour, with 

some carry-over effects into adulthood (P3). Furthermore, these behavioural 

differences were correlated with long-term fitness-related health attributes 

including better feather condition and greater growth in P3, suggesting that early 

provision of a multi-choice environment is beneficial for adaptability and future 

quality of life. We conclude that exposure to multiple resource variants in the 

environment during rearing had long-term fitness-enhancing effects on 

behavioural development, promoting positive effects on laying hen welfare. In 

addition to contributing to fundamental understanding about developmental 

biology, these findings are of practical significance for animal production. 
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Abstract 

The comb is an ornament involved in signalling condition in domestic fowl. We 

hypothesised that the comb size, comb shape complexity (i.e. rugosity, the 

jaggedness of the comb perimeter), and comb laterality of laying hens would be 

influenced by the degree of environmental enrichment experienced during 

juvenile development in the form of resource choice. In a 2 x 2 factorial crossover 

experiment, layer pullets in pens containing four perches of standard length and 

a standard litter area were exposed to single (S) versus multiple (M) choices of 

perch and litter types during Weeks 1-4 (Period 1) and/or Weeks 5-15 (Period 2) 

of rearing (n=4 pens/treatment combination: SS, SM, MS, MM) prior to transfer to 

standard laying pens for Weeks 16-27 (Period 3). Within (M) or across (S) pens, 

pullets were exposed to four perch types and four litter types. In Week 27, combs 

were photographed, and comb laterality (hanging on left or right side) was noted. 

Using a bespoke image analysis programme, we captured comb area (mm2), 

perimeter length (mm), and rugosity ((perimeter length-horizontal 

length)/horizontal length) from comb photographs of 6-7 randomly selected 

hens/pen. We predicted that hens kept in the M environment during Periods 1 

and 2 would have larger, more complex, and left-side-biased combs than those 

in the other treatment groups, reflecting reduced allostatic load. The predicted 

comb side bias was based on a possible bias in head posture/movements 

associated with greater right eye/ear use and left-brain hemispheric dominance. 

Contrary to our predictions, we detected an overall right-side bias in comb 

laterality, and no associations between resource choice treatment in Period 1 or 

2 and comb area, perimeter length, rugosity, or laterality of the adult hens. Thus, 

variation in allostatic load resulting from the rearing treatments was insufficient to 
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modify the trajectory of comb morphological development, possibly due to a 

ceiling effect when comparing environmental treatments on the positive end of 

the welfare spectrum. However, we did find that right-lopping combs had longer 

perimeters than left-lopping combs. Furthermore, among hens with right-lopping 

-perimeter combs tended to be 

-

perimeter combs were heavier and had less feather damage. In conclusion, 

comb characteristics were related to physical condition at the individual level but 

did not serve as sensitive integrated indicators of hen welfare in response to 

basic versus enhanced resource choice during rearing. 

 

Keywords: chicken rearing, environmental enrichment, positive animal welfare, 

comb development, condition-dependent signalling 

 

Implications 

Laying hen combs are considered to function as condition-dependent signals of 

beneficial environmental conditions. We expected hens raised in more diverse 

environments, with different perch and litter types, to have larger, more complex 

combs than counterparts raised in environments more similar to commercial 

production systems (one perch- and litter type). However, although comb 

measures reflected physical condition, the treatments had no effect on comb 

development. Our results are relevant for poultry husbandry by showing that 

comb characteristics were not sensitive enough to differentiate between good 

versus better rearing conditions. 
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Introduction 

Biological ornaments are conspicuous traits of animals that are considered to 

function as condition-dependent signals of mate quality during mate selection 

(Hill, 2014; Winters, 2018) though they may also serve a dual role as armaments 

(i.e. weapons or status badges; Berglund et al., 1996). Examples of visual 

ornamentation can be found in diurnal animals across many taxa, such as the 

colourful iridescent tail feathers of peacocks (Pavo cristatus; Dakin and 

Montgomerie, 2013) and the long eye stalks of stalk-eyed flies (Teleopsis�

dalmanni; Cotton et al., 2010). If ornaments are condition-dependent signals, 

ornament quality should be higher under more favourable environmental 

conditions. Zuk et al. (1990) reported such a difference in the head ornament 

size of unparasitised versus parasitised male red jungle fowl (Gallus gallus, 

progenitor of the domestic fowl). When ornamentation occurs in both sexes 

(monomorphic ornamentation), male ornaments are generally more exaggerated 

than those of females. Nevertheless, female ornaments can also provide 

 

(Nolazco et al., 2022), which is relevant for reciprocal mate selection and female 

resource competition (Kraaijeveld et al., 2007; Fitzpatrick and Servedio, 2018). 

For example, in choice tests, dominant feral domestic fowl males were found to 

mate sooner with females bearing relatively large head ornaments and to deposit 

more sperm when mating with them (Cornwallis and Birkhead, 2007).  

 

condition and brain function that results from repeated attempts to adapt to 

environmental challenges (McEwen, 1998). It derives from the continual 
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adjustments made by bodily systems to maintain allostasis (i.e. optimal function 

in the face of changing demands; McEwen, 1998). Individuals vary in their 

accrual of allostatic load, even in response to similar stressors, due to differences 

in genetics and in how they perceive their environment (Korte et al., 2005). 

Allostatic load can result from overworked allostatic systems due to frequent 

stress, failure of stress-related systems to shut off even when a response is 

successful, or unsuccessful stress responses that cause other physiological 

systems to overreact (McEwen, 1998). Allostatic load may affect the elaboration 

of ornamentation, such that adult ornamentation serves as an integrated signal of 

life-to-date stress resilience and quality of life. Larger, more complex ornaments 

may therefore indicate better welfare earlier in life. 

 

The fleshy head ornament of domestic fowl and red jungle fowl is referred to as a 

comb. While the size of the domestic fowl comb is heritable, it also exhibits 

considerable individual variation (Shen et al., 2016), which is consistent with 

functioning as a signal of individual fitness. In laying hens, comb features such as 

comb size and colour have been connected to social status 

2011; Siegel and Dudley, 1963) and commercially important fitness-related 

measures such as body weight (e.g. Tufvesson et al., 1999) and fecundity 

(Wright et al., 2012). The comb is rudimentary at hatch but develops during 

sexual maturation under the influence of androgen hormones (Mukhtar and 

Khan, 2012), beginning about 8 weeks before the onset of lay in laying pullets 

(Eitan et al., 1998). Consequently, comb growth will be impacted by any stress-

related variation in the circulating androgen levels of females, especially during 

the period leading up to the onset of lay.  
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being typical of strains reared for commercial egg production. As single combs 

grow, they reach a point where they can no longer stand erect but start to tilt and 

eventually hang habitually (lop) on the right or left side of the head (Tufvesson et 

al., 1999; Wan et al., 2018). Mueller and Hutt (1942) reported that right-lopped 

combs were more common than left-lopped combs and noted that neither left-

lopped fathers nor mothers consistently produced more left-lopped offspring. This 

finding suggests that comb laterality is influenced by environmental conditions 

during development. It is conceivable that comb laterality is related to individual 

differences in head posture and movements. The chicken brain shows 

lateralisation in the processing of sensory, social and unfamiliar stimuli, with 

lateralisation in the use of the eyes, ears and nares when evaluating 

environmental stimuli (Rogers, 2023). In particular, there is a bias towards using 

the left eye when evaluating novel and potentially dangerous visual stimuli 

(Rogers, 2010). Thus, more anxious birds, that can be expected to accumulate 

higher allostatic load, may more frequently evaluate their environment using their 

left eye and ear than calmer chickens, potentially increasing the likelihood of 

developing a right-lopped comb.  

 

Chicken combs develop into intriguing, complex shapes. The comb shape varies 

-line (rugosity) between individuals, with 

differences in the number, width, and height of the points. After puberty, comb 

shape appears to remain relatively stable over time, consistent with a role in 

individual recognition (Guhl and Ortman, 1953). Genes associated with comb 
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shape have been identified (Bakovic et al., 2022). However, comb shape can be 

altered by environmental factors such as frostbite, accidental tearing and pecking 

injuries, as well as by artificial comb dubbing (Marks et al., 1960). It is also 

possible that environmental conditions during rearing play a role in sculpting 

adult comb shape complexity as well as influencing comb size.  

 

Commercial laying hens are commonly reared in an aviary system where, as 

chicks, they are kept in cage-like compartments in the first 4-8 weeks, after which 

the compartments are opened and the whole aviary including the litter floor 

becomes accessible. When the pullets are around 16 weeks of age, they are 

moved to an aviary house optimised for egg production, where they begin to lay 

eggs around 18-22 weeks of age and remain throughout adulthood. Exposure to 

environmental changes presents challenges (e.g. Brantsæter et al., 2016) that 

may contribute to allostatic load. Providing a more complex and diverse 

environment during juvenile development, both in the period prior to opening of 

rearing compartments and the period prior to the move to adult housing, may 

improve apt to environmental changes, minimising allostatic 

load and enhancing their ability to grow an elaborate comb. In support of this 

hypothesis, Nazar et al. (2022) and Skånberg et al. (2023) found that laying hen 

chicks reared for 3-4 weeks with access to multiple variants of perches and litter 

were less fearful and had greater adaptability when exposed to environmental 

change compared to chicks that were kept with only a single variant of each 

resource type.  
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A subsequent longer-term cross-over experiment investigated effects of resource 

choice during the chick (Period 1) and pullet (Period 2) rearing stages on 

outcomes in early adulthood (Period 3) when all birds were kept in the same 

environment (Holt et al., 2023a). Hens were reared with one perch type and one 

litter type (single-choice, representing a basic level of environmental enrichment), 

or four variants of perches and litter (multi-choice, representing an enhanced 

level of environmental enrichment), either throughout both Periods 1 and 2 or in 

succession with order counterbalanced across groups. Hens reared in the multi-

choice environment in Period 2 exhibited higher body weights in Period 3 and 

less feather damage (related to more dust bathing and less severe feather 

pecking) in Periods 2 and 3 than those reared in the single-choice environment. 

Further, hens reared in the multi-choice condition in Period 1 performed more 

play in Period 1 and less aggressive pecking in Period 3 (Holt et al., 2023a). 

These findings suggest that allostatic load across Periods 1-3 was lower in multi-

choice than single-choice hens. To investigate this potential effect of increased 

choice during rearing on comb development, the current study utilized comb data 

collected from the adult hens at the end of Period 3, coinciding with peak daily 

egg production.  

 

We hypothesised that comb development would be differentially affected by the 

amount of resource choice experienced during rearing. Specifically, based on 

findings regarding plumage condition, growth, and aggressive pecking, we 

predicted that hens kept in the multi-choice environment during Periods 1 and 2 

would have larger, more complex, and more left-side-biased combs at the end of 

Period 3, reflecting lower allostatic load, compared to hens kept in the single-
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choice environment in both periods. The design of our experiment also allowed 

us to investigate whether the timing and order of exposure to a multi-choice 

environment (Period 1 or 2) would differentially influence comb development. 

While we expected that exposure to the multi-choice environment in either period 

would result in more elaborated combs than single-choice alone, we predicted 

that a change from the single-choice to the multi-choice environment would have 

a positive impact on comb development, compared to a change in the reverse 

direction, as it could facilitate a spurt in comb growth associated with sexual 

maturation starting in Period 2. In addition to treatment effects, we also 

investigated variation in comb traits in relation to individual physical condition. 

We expected to find positive correlations between comb size metrics, comb 

shape complexity and body weight of individual hens, and negative correlations 

of these variables with feather and comb damage scores. Furthermore, we 

predicted that hens with left lopped combs  would be heavier, with 

larger, more complex combs and lower feather and comb damage scores, than 

hens with right lopped combs . 

 

Material and methods 

Animal, housing and management 

We conducted the study at the Swedish Livestock Research Centre of the 

Swedish University of Agricultural Sciences in Uppsala, SE. We obtained day-old 

laying hen chicks (Bovans Robust chicks, n = 364) with intact beaks from a local 

hatchery. We assigned them to 16 visually-isolated rearing pens (245 x 120 x 

180 cm) in groups of 22-23 birds (balanced for group weight). Each pen 

contained a drinker line with four water nipples, two circular chick feeders, four 



�

��7�

120-cm-long perches, and four shallow trays containing litter that were emptied 

and refilled at least once weekly as needed to maintain their contents. In Week 2, 

we replaced the chick feeders with a round hanging feed hopper. We increased 

the perch height from 15 to 45 cm in Week 2 and to 55 cm in Week 5, when we 

exchanged the shallow litter trays for deeper trays. We gave ad libitum access to 

water and standard starter feed for the first 6 weeks, followed by standard 

growing feed. The room temperature was set at 25 °C for the first 9 weeks, and 

then dropped to 20 °C. A hanging heat lamp provided additional warmth at chick 

level for the first 4 weeks. The photoperiod was 20 h on Day 1 and gradually 

reduced to 10 h by Week 6. Mean light intensity was 18 lux at bird level, except 

for a 15-min dawn and dusk period at the beginning and end of each 

photoperiod.  

 

In Week 16, we transferred the birds in their groups to 16 adult laying pens (362 

x 356 x 297 cm). These pens had a 132 x 356 cm solid-floored area and three 

narrow platforms along one wall. They also had a raised slatted area (230 x 356 

cm) providing access to two colony nests, two hanging feed hoppers, a bell 

drinker, five elevated perches, and five low perches attached to the slats. Room 

temperature was 20 °C and light intensity at hen level averaged 5.4 lux. The 

photoperiod was 10 h in Weeks 16-19, then increased it by one hour weekly to 

14 h. At the end of the experiment (Week 27), we adopted the hens out to local 

poultry keepers.  
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Experimental design  

The study was divided into three experimental periods. In Period 1 (Weeks 1-4, 

chick rearing period), we assigned chicks to one of two treatments (Fig. 1a) in a 

randomised block design: Single-choice or Multi-choice. Single-choice pens (n = 

8) had four perches of the same type (a wooden plank, a rope comprising three 

horse leading reins braided together, a round rubber perch or a wire mesh perch) 

and one litter type in all four litter trays (sand with particle 

wood shavings, straw, or peat). We formed four unique perch-litter combinations 

that were balanced across the Single-choice pens (Fig. 1b). Each Multi-choice 

pen (n= 8) had all four different perch types and all four different litter types (one 

litter type/tray). We balanced the location of each resource type within the pen 

across the Multi-choice pens. In Period 2 (Weeks 5-15, pullet rearing period), we 

switched the treatment in half the pens (n= 4 pens/treatment) to the opposite 

treatment (Fig. 1). In Period 3 (Weeks 16-27, adult laying period), all groups were 

housed in standard laying pens with resource types not experienced during 

rearing. These included crushed straw pellets as litter and a variety of wooden 

and plastic perches of novel dimensions. See Holt et al. (2023a) for further 

details regarding the experimental conditions. 
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a 

b 

Fig. 1. Experimental design. a) Experimental timeline. In Period 1 (Days 1-28), 

groups (n=16) of laying hen chicks were assigned to one of two treatments: 

Single-choice, with one of four possible perch types (black lines) and litter types

(coloured rectangles), or Multi-choice, with all four perch and litter types. In 

Period 2 (Days 29-107), half the groups were switched to the opposite treatment. 

In Single-choice, the type of perch and litter was balanced across replicate pens, 

and in Multi-choice, the location of each perch and litter type was balanced 

across replicate pens. All groups were moved to similar pens for Period 3 (Days 

108-188) that consisted of a slatted floor with several novel perches (white 

rectangle) and a large litter area with one novel litter type (brown rectangle). 

b) Exemplars of pens on the Single-choice and Multi-choice treatments. 
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Data collection 

We collected data at the end of Period 3 (Days 184-186). Each hen was weighed 

and feather and comb scored individually, and the side of the head to which her 

comb lopped (right or left, i.e. comb laterality) was noted. One researcher then 

laid the bird on her side on a table with her comb (inner side facing up) lying on a 

black clipboard with attached ruler while another photographed the comb, with 

the ruler in view to provide the scale. After excluding 10 photographs with blurry 

or buckled comb images, we extracted comb measurements (Table 1) from the 

photographs of 6 to 7 randomly selected birds per pen (100 birds in total, based 

on power analysis to calculate the number of comb pictures required to reach 

power > 0.80). We determined the maximum length and height of each comb, as 

well as the area and perimeter length of the comb, using a custom-made image 

analysis programme written in Linux (Ubuntu 20.04; Canonical Ltd., 2020). 

Scaling was based on the number of pixels along a 10-mm length of the ruler in 

the image. As a measure of comb shape complexity controlling for comb size, we 

calculated a rugosity index by subtracting the comb length from the perimeter 

length and dividing the difference by the comb length (Table 1). This measure 

equates to the classical assessment of rugosity by draping a flexible transect line 

over an uneven surface and calculating its length relative to the flat distance 

between the two endpoints. 
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Table 1. Comb and physical condition measures taken from individual laying hens 

(n=100) at 184-186 days of age (end of Period 3), with overall means with SE. 

Variable Description Mean SE 

Comb traits 

Comb length 

(mm) 

The longest horizontal length of the 

comb parallel to a line from the front of 

the head to the back of head 

85.2 0.81 

Comb height 

(mm) 

The greatest vertical height of the 

comb from the top of the head to the 

tip of the highest comb peak, 

perpendicular to the comb length. 

47.6 0.65 

Comb area 

(mm2) 

The two-dimensional surface area of 

the inner side of the comb (side 

adjacent to the head). 

2359.0 44.70 

Comb perimeter 

length (mm) 

Continuous line tracing the complete 

boundary of the comb, providing a 

combined measure of comb size and 

shape. 

320.0 4.50 

Comb shape 

complexity  

Index of rugosity calculated as (comb 

perimeter comb length)/comb length, 

representing shape controlling for size. 

2.8 0.04 

Comb laterality 

(n of birds) 

Lop of the comb to the left or right side 

of the head. 

24 left  76 right 

Physical condition measures 

Body weight (g) Individual weight to nearest g. 1579.7 10.87 

Feather 

damage score 

(0-4) 

Proportion of scruffy, split, broken or 

missing feathers, scored as 0 (0 %), 1 

(1-25 %), 2 (25-49 %), 3 (50-74 %) or 4 

(75-100 %) on each of six body regions 

(head, neck, wings, rump, belly, tail), 

averaged to obtain a mean score. 

1.3 0.05 

Comb damage 

score (1-3) 

Number of peck wounds on the comb, 

scored as 1 (0-3), 2 (4-6) or 3 (>6). 

2.2 0.07 

 

  



����

Quality assurance 

All comb data were collected by one observer. To assess interobserver 

concordance, a second observer used the same custom-made image analysis 

programme to extract comb area and comb perimeter data from 16 birds (one 

randomly-selected bird/pen; four birds/treatment). The results indicated good 

agreement between observers (mean intraclass correlation=0.88, calculated 

using the package psych; Revelle, 2023). To validate our custom-made image 

analysis programme, we compared the comb area and perimeter results from the 

16 birds with results from the same birds obtained using the established 

programme, ImageJ (Schindelin et al., 2012). The mean intraclass correlation 

was 0.93, indicating high reliability.  

 

Statistical analysis 

Statistical analyses were conducted in RStudio (RStudio Team, 2020) using R 

4.3.1 (R Core Team, 2023), with alpha=0.05. Model fit was examined and 

confirmed using residual diagnostics plots produced by the DHARMa package 

(Hartig, 2022), and confidence intervals and estimated marginal means were 

obtained using the emmeans package (Lenth et al., 2023). To examine treatment 

effects, we evaluated the impact of Period 1 treatment, Period 2 treatment and 

their interaction on the comb variables: comb area, comb perimeter length, comb 

shape complexity and comb laterality. We did not include comb length and height 

in these analyses to avoid redundancy as these variables were closely related to 

comb area and perimeter. As birds were kept in groups, we included pen as a 

random effect, whereas experimental block had no effects and was excluded 

from all models. Continuous variables were analysed using linear mixed models 
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(lme4 package; Bates et al., 2015) with Gaussian distribution, fitted with 

restricted maximum likelihood. T-tests for these models used the Satterthwaite 

approximation for degrees of freedom. We analysed comb laterality, a nominal 

variable, using a generalised linear mixed model (lmerTest package; Kuznetsova 

et al., 2017) with binomial distribution, maximum likelihood parameter estimation 

and Laplace approximation. 

 

A chi-square test was used to assess whether combs lopped more to one side 

than expected by chance. Linear mixed models were used to compare comb 

measurements, body weight and feather damage scores of hens with right- 

versus left-lopped combs, while their comb damage scores were compared using 

a cumulative link mixed model with maximum likelihood parameter estimation 

and Laplace approximation (ordinal package; Christensen, 2022; 

RVAideMemoire package; Hervé, 2023). To evaluate associations between the 

variables  Pearson correlations between the comb 

traits, body weight and feather and comb damage scores were calculated.  

 

Results 

Comb response to resource choice 

None of the analysed comb variables were significantly affected by the 

treatments experienced during Period 1, Period 2 or their interaction (Table 2).  
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Table 2. Estimates with 95% confidence interval (CI) from linear mixed models 

(T statistic) and, for comb laterality, odds ratios with 95% CI from a generalised 

linear mixed model (Z statistic) evaluating associations of treatment (single- 

versus multiple choices of perch and litter types) and period (Period 1: Week 1-4, 

Period 2: Week 5-15) with comb measures of 184-186-day-old laying hens 

(n=100). The single-choice treatment was the reference treatment. See Table 1 

for variable definitions. 

   Predictor  

Response 

variable 
Statistic Period 1 Period 2 Periods 1 × 2 

Comb 

area 

Estimate 139.5 85.6 -220.1 

95 % CI -113.22  392.18 -167.15  338.25 -577.45  137.29 

T 1.10 0.67 -1.22 

Df 96 96 96 

P 0.276 0.503 0.224 

Comb 

perimeter 

Estimate -4.2 4.2 2.4 

95 % CI -29.80  21.41 -21.42  29.79 -33.77  38.65 

T -0.33 0.32 0.13 

Df 96 96 96 

P 0.746 0.746 0.894 

Comb 

shape 

complexity 

Estimate -0.1 0.1 -0.0 

95 % CI -0.32  0.17 -0.17  0.32 -0.35  0.34 

T -0.63 0.62 -0.03 

Df 12.5 12.5 12.5 

P 0.539 0.545 0.979 

Comb 

latera-

lity 

Odds ratio 0.7 1.2 2.7 

95 % CI 0.12  4.37 0.22  6.70 0.23  30.07 

Z -0.33 0.22 0.79 

Df Infinity Infinity Infinity 

P 0.739 0.825 0.431 
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Comb laterality 

Of the 100 birds sampled, 76 hens  while the remaining 24 were 

. This right-side bias was greater than 

that expected in the absence of laterality (i.e. with a 50% chance of the comb 

lopping in either direction; 2=13.52, df=1, P<0.001). 

98.0=2.24; P=0.028; Fig. 3) and tended to have 

combs with greater shape complexity (t96.9=1.94; P=0.055). Results for the 

overall means with SE; Supplementary Table S1 for estimates).  
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a b 

  

c d 

  

Fig. 2. Laying hen combs at 184-186 days of age: a) a hen with a left-lopped 

comb; b) a hen with a right-lopped comb; c-d) examples of outputs from a 

bespoke image analysis programme showing measurement of comb length and 

height (green box), and comb area and perimeter length (blue outline), of the 

inner surface of a left-lopped comb (c) and a right-lopped comb (d) based on the 

picture scale (n pixels/10 mm). See Supplementary Fig. S1 for uncropped 

photographs with further details. 
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Fig. 3. Comb perimeter length (mm) of hens with left- versus right-lopping combs 

(mean with 95% confidence interval; a, b indicate difference at P<0.05). 

 

Comb trait correlations 

P<0.001) 

P P=0.010; Fig. 4). Both 

comb area ( P=0.056 P=0.021) and comb perimeter length 

( P=0.022 P=0.085) were weakly correlated with body weight. 

P=0.036) with bigger comb areas (P=0.013) and longer 

comb perimeters (P=0.042) sustained less feather damage whereas among 

P=0.082) and longer perimeters 

(P=0.052) tended to have less comb damage.  
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Fig. 4. Heatmaps of correlations (r values) between comb and physical condition 

variables of laying hens at 184-186 days age; with values for hens with (a) left-

lopping combs (n=76) and (b) right-lopping combs (n=24).  

 

  



�

��;�

Discussion 

Stressors experienced during development, such as those related to exposure to 

a novel environmental may increase allostatic load via the hypothalamic-pituitary-

adrenal axis and inhibit androgen production, thereby limiting the development of 

condition-dependent signals such as the comb of laying hens. Providing laying 

hens with resource choices during rearing, thereby increasing the degree of 

environmental enrichment and allowing for more learning opportunities, may 

buffer against the build-up of allostatic load by creating more adaptable, stress-

resilient hens. On this basis, we predicted that hens reared in the more complex 

Multi-choice environment would develop larger, more complex, and left-side-

biased combs compared to those reared in the less complex Single-choice 

environment. However, we did not detect significant differences in any of the 

comb measures between hens kept in the Multi-choice versus the Single-choice 

environment. There was neither an additive effect of the duration of exposure to 

the Multi-choice versus Single-choice environment nor an interactive effect 

related to the order of exposure to these environments. Thus, it appears that 

treatment-related differences in allostatic load were too small to produce 

consistent differences in comb traits. Both environments provided plentiful 

resources and space per bird and, although the Multi-choice treatment had more 

beneficial effects on behaviour and body condition (Holt et al., 2023a), the 

Single-choice treatment provided basic enrichments including access to multiple 

perches and frequently refreshed litter. Our results suggest that our treatment 

comparison was operating on the positive end of the welfare spectrum, where a 

ceiling effect may have limited treatment differences in the morphological 

development of laying hen combs. 
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The lack of treatment effect on comb laterality may have been influenced by 

incubation in the dark, as is typical at commercial hatcheries. Although some 

lateralisation of the brain occurs in dark-incubated chicks, it is reduced relative to 

that of chicks exposed to light during incubation (Rogers, 2023). It is also 

possible that use of different hemifields of the eyes for investigating different 

types of environmental stimuli (Vallortigara et al., 2001) reduced overall laterality 

of head movements over the course of comb development, reducing the impact 

of the post-hatch environment on comb laterality. Nevertheless, we observed a 

significant overall right-side comb bias in our hens as also reported by Mueller 

and Hutt (1942). Perhaps this outcome reflected the reported greater fearfulness 

of chicks incubated in the dark (Archer and Mench, 2017). Fearful chicks favour 

left eye use over right eye use (Rogers, 2010), which may have led to the 

have been more likely to be harassed by other hens, leading to their shorter 

comb perimeters and a tendency for lower comb shape complexity, although the 

against this explanation. On a practical note, after combs have lopped to one 

side or the other, their continued growth can lead to obstruction of vision on that 

side, which may have implications for how hens perceive their surroundings. 

Large pendulous combs may impair net welfare unless their excessive size 

provides compensatory benefits such as improved thermoregulation in hot 

climates. 
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At the individual level, we detected a weak correlation between body weight and 

both comb area and comb perimeter length of hens in Week 27, when egg 

production was peaking. This finding is consistent with other studies reporting a 

correlation between body weight and comb size in laying hens (e.g. Tufvesson et 

al., 1999). However, not all studies have detected a correlation (e.g. Wright et al., 

2012). Wan et al. (2018) found a correlation at 24 weeks of age, but not before or 

after this age, when comparing different breeds of laying hens between the ages 

of 4-30 weeks. These findings suggest that body weight and comb size may be 

more tightly linked when comb growth is maximal (around puberty), especially in 

males given that they grow faster and larger than females. It can also be 

expected that the correlations between body weight, comb area and comb 

perimeter length manifest more strongly under conditions when welfare is 

compromised by prolonged undernutrition, such as when food intake is limited 

due to competition, disease or natural incubation of eggs, or when food reserves 

are drained by adverse weather conditions or parasitism (e.g. Zuk et al., 1990). 

This was not the case in our healthy population of young hens with ad libitum 

access to food  

genetic potential for egg production was high. We also note that relationships 

between comb traits and reproductive outcomes can vary between selection lines 

(McGary et al., 2003). 

 

We explored associations between plumage condition and comb measures as 

Holt et al. (2023a) found that, at the group level, birds exposed to the Multi-

choice environment had less feather damage than birds exposed to the Single-

choice environment, which was associated with a lower level of severe feather 
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pecking behaviour in Periods 1 and 2, and a higher rate of dustbathing in Periods 

2 and 3. We found a negative relationship between the mean feather damage 

scores of individuals and their comb area and perimeter length, but only in the 

minor, being mainly due to differences in feather scruffiness, with limited feather 

splitting or breakage and no observations of heavy feather loss from any of the 

five evaluated body regions. onsistent with those of 

Tahamtani et al. (2017) who found no difference in laying hen comb size 

between feather peckers, their victims, or control hens that were in neither of 

these categories. Although we did not find an association between the resource 

choice treatments and 

those with bigger comb areas and longer comb perimeters tended to have less 

comb damage. This finding is in keeping with evidence that laying hens with 

larger combs are more likely to win agonistic encounters and maintain a higher 

social status than hens with smaller combs (e.g. Marks et al., 1960; Siegel and 

Dudley, 1963; Cloutier and Newberry, 2000; .  

 

While we detected some correlations between morphological comb traits and 

indicators of physical condition, other more rapidly varying comb characteristics 

may be better suited as welfare indicators, especially over shorter periods. For 

example, Ross et al. (2020) used the decrease in comb temperature and latency 

to return to basal comb temperature as measures of stress resilience. Comb 

colour can be another useful short-term welfare indicator (e.g. Zuk et al., 1990) if 

reliably measured without disturbing the birds.  
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Conclusions 

Although the Multi-choice condition promoted adaptability to the adult 

environment as indicated by improved adult plumage condition, increased body 

weight and lower aggression (Holt et al. 2023a), the treatments did not modify 

the developmental trajectory of the comb. The lack of treatment differences in the 

measured comb traits argues against their use as reliable integrative indicators of 

the impact of rearing conditions on hen welfare when comparing results from 

good environments with even better environments (i.e. in studies of positive 

welfare), as done in this study. Providing multiple resource choices would, 

nevertheless, be beneficial for accommodating individual differences and adding 

complexity and diversity to housing environments.  

 

 

Ethics approval 

This study was performed on a common production species, typically kept 

indoors under human care. We kept the birds in small, stable groups at low 

density throughout the experiment (Periods 1 and 2: minimum 1,278.3 cm2/bird, 

Period 3: minimum 5,603.1 cm2/bird). All birds were familiar with the close 

proximity of, and handling by, the involved personnel. All procedures were 

approved by the Uppsala Animal Experiment Ethics Board (Number 5.8.18-

11549/2017).  

 

Data and model availability 

The data and R code used to produce the statistics and figures presented in this 

article are publicly available in Github: 

https://github.com/RVHolt/ChoiceCombs.git (Holt et al. 2023b). Access to the 

bespoke image analysis programme may be given upon request. 
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Supplementary Figure S1. Original, uncropped pictures from Fig. 2. a) left-
lopped comb with a score of 0 for feather damage in the head region. b) right-
lopped comb with a score of 0 for feather damage in the neck region. c-d) 
outputs of the comb measuring algorithm of the bespoke image analysis 
program.�
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Supplementary Table S1 

Supplementary Table S1. Associations of comb laterality (right- vs left-lopped 
comb) with comb and physical condition measures of 184-186-day-old laying 
hens (n=100), showing estimates with SE from either linear mixed models (T 
statistic) or a cumulative link mixed model (for comb damage score, Z statistic). 
Hens with right-lopped combs formed the reference group. See Table 1 for 
variable definitions. 

Response variable Estimate SE df T or Z P 
Comb size (mm2) -46.17 105.080 98.0 -0.44 0.661 

Comb perimeter (mm) -23.11 10.332 98.0 -2.24 0.028 

Comb shape complexity -0.17 0.087 96.9 -1.94 0.055 

Body weight (g) -18.44 25.160 97.3 -0.73 0.466 

Feather damage score (0-4) -0.02 0.090 91.6 -0.20 0.845 

Comb damage score (1-3) 0.64 0.461 Infinity 1.38 0.168 
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