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ABSTRACT 

ASK THE BIRDS: GALLIFORMES’ PREFERENCES FOR DIFFERENT BEDDINGS AND 

LITTER MANAGEMENT PRACTICES 

Valerie Monckton  

University of Guelph, 2020 

Advisor: 

Dr. Alexandra Harlander 

A wide variety of beddings are used to provide enrichment for Galliformes. Therefore, I conducted 1 

a meta-analysis of Galliformes’ preferences for different beddings. It determined that Galliformes 2 

prefer to dustbathe in and spend time on sand and peat moss over wood, other substrates and no 3 

substrate. However, many studies failed to report relevant physical and chemical properties of 4 

beddings, including the degree of soiling, which may affect Galliformes’ preference. To determine 5 

if soiling and other litter management practices affects Galliformes’ preferences, we conducted 6 

two experiments. Using two-compartment pens divided by barriers with weighted push-doors, the 7 

first experiment assessed turkeys’ motivation to access four substrate treatments compared to feed 8 

— the gold standard. The second experiment replicated the first but assessed this preference with 9 

broiler chickens using different substrate treatments and door weights. The experiments found that 10 

Galliformes preferred feed over substrate treatments, and that they preferred all substrate 11 

treatments equally.   12 



iii 

 

 

 

DEDICATION 13 

For one rabbit, two dogs, twenty-four turkeys, forty chickens, and a cat. 14 

More alike than not. 15 

  16 
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1 General introduction 243 

In 2018, we shared the planet with 23.7 billion chickens and 466 million turkeys [1]. These 244 
numbers have grown exponentially since the introduction of intensive indoor farming in the mid-245 
1900s [2]. In fact, the number of chickens on Earth jumped six-fold from approximately four 246 
billion to 23.7 billion animals between 1961 to 2018 [1]. At the same time, mounting consumer 247 
pressure for cheaper, more efficient poultry meat led chicken meat production to jump 15-fold 248 
from 7.5 million tonnes to 114 million tonnes by 2018 [3]. Similar trends have been observed with 249 
turkey production, with modern day turkeys reaching slaughter weight (12-24 kg) by slaughter age 250 
(14-22 weeks)[4], compared to their 2.5-10.8 kg wild counterparts. 251 

While this increased efficiency in production spells cheaper, more sustainable meat for consumers, 252 
it is not without consequences. Among these, genetic selection for bigger, faster growing and more 253 
muscled animals has offset birds’ centre of gravity and increased their risk of developing leg and 254 
gait abnormalities [2, 5, 6]. This, in turn, reduces birds’ ability — but not their motivation — to 255 
perch [7-9], forcing them to spend more time in contact with the ground. Where red jungle fowl 256 
— the ancestors of chickens — and wild turkeys spend most of their days foraging on the ground 257 
[10], and perch in the trees to sleep at night [11], genetic selection has altered this routine in their 258 
domesticated descendants. Farmed broiler chickens and turkeys now spend most of their days lying 259 
on the ground [12], and are often forced, either through inability to perch [7, 8] or lack of perching 260 
areas [13], to sleep in contact with the ground.  261 

Increased contact time with the ground means that the substrate (or lack thereof) chosen to cover 262 
the floor can play a large role in chickens’ and turkeys’ welfare. While many countries mandate 263 
that the ground be covered with some kind of bedding [14, 15] other countries may not require 264 
bedding, allowing birds to be raised on slotted or concrete floors. However, the choice of flooring, 265 
whether covered in bedding or not, impacts the temperature in the barn, how moisture is absorbed 266 
and released into the air, and other factors important to the animals’ welfare. 267 

When bedding is used, it varies greatly by region and price. A recent survey of Canadian turkey 268 
farms revealed that (kiln-dried, softwood, and pine and spruce) wood shavings and straw were the 269 
most commonly used beddings. 9.6% of farms used a combination of both wood and straw 270 
beddings, and two farms used other beddings (sunflower shells and peat moss) [13]. While wood 271 
shavings and straw are also used in broiler chicken production, other commonly used beddings (in 272 
the United States) include rice hulls, peanut hulls, sand, corn cobs, and recycled paper [16].  273 

To determine which of these beddings best suits the needs of birds and producers, studies have 274 
examined a wide variety of parameters, including animal health and behaviour. However, while 275 
meta-analyses already address how bedding choice impacts poultry performance [17] and health 276 
[18] none yet assess their preference for the wide variety of available beddings. In essence, we 277 
have asked everyone but the birds. 278 

Therefore, the meta-analysis in Chapter 2 provides an overview of current knowledge to identify 279 
gaps in existing research.  280 
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2 Floor substrate preferences of Galliformes: A meta-analysis1 320 

2.1 Abstract 321 

Environmental enrichment facilitates sensory and motor stimulation for species-typical behaviours 322 
that can enhance animal well-being. For farmed Galliformes, housing systems often limit 323 
enrichment to bedding and litter: floor substrates that act as material for dustbathing and foraging. 324 
Therefore, this meta-analysis sought to systematically review the literature on Galliformes’ 325 
preferred substrates based on four outcomes: substrate preference for dustbathing, foraging, and 326 
pecking behaviour and time spent on substrate. Literature searches in CAB Direct, Web of Science, 327 
and Google Scholar yielded 239 articles, and hand searching yielded another five. Of these, ten 328 
publications met criteria and were analyzed to determine the effects of bedding type, enclosure 329 
area, substrate area, number of days spent on substrate, and other variables on the four outcomes. 330 
Bedding type alone affected choice of substrate for dustbathing, as Galliformes dustbathed in sand 331 
and peat moss more than wood and other substrates. Bedding type, enclosure area and substrate 332 
area affected time spent, as Galliformes spent more time on sand than on wood, other substrates 333 
(straw, paper, feathers, rice hulls, & wheat bran) and no substrate, and spent more time on peat 334 
moss than no substrate. Bedding type did not affect foraging and pecking behaviour, as 335 
Galliformes pecked and foraged on all substrates similarly. However, many of these studies did 336 
not report relevant physical or chemical substrate characteristics that could influence birds’ 337 
preferences, such as grain size, moisture content and soiling. Therefore, future studies should 338 
identify substrate characteristics that influence Galliformes’ preferences to find new, practical, 339 
enriching beddings that can be easily implemented in housing systems for Galliformes. New, 340 
practical, enriching beddings that can be easily implemented in housing systems for Galliformes.  341 

2.2 Introduction 342 

Galliformes encompass the largest group of farmed land animals, with chickens alone numbering 343 

23.7 billion in 2018 [1]. While many factors affect Galliformes’ welfare, bedding is often 344 

overlooked and chosen principally based on price and regional availability [2]. Yet, the choice of 345 

bedding substrate impacts everything from the air the birds (and farmer) breathe, to their incidence 346 

of disease [3-7]. Moreover, bedding can act as environmental enrichment — something that 347 

enhances “animal welfare through sensory and motor stimulation, using structures and resources 348 

that permit the expression of species-typical behaviours and promote psychological well-being 349 

through physical exercise, manipulative activities, and cognitive challenges according to species-350 

specific characteristics” [8]. Therefore, bedding can increase Galliformes’ behavioural repertoire, 351 

particularly as a substrate for foraging and dustbathing. Moreover, well-chosen beddings that 352 

stimulate these behaviours can reduce frustrated behaviours. For example, the right choice of 353 

bedding can reduce the incidence of injurious feather pecking, a repetitive and undesirable 354 

behaviour common in many breeds of farmed Galliformes [9-11]. Therefore, bedding choice is 355 

arguably one of the most underestimated means of improving galliform welfare. 356 

 

1 A version of this chapter was submitted to Frontiers in Veterinary Science with the following authors: 
Monckton, J. L. Ellis, A. Harlander-Matauschek.  
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Starting in the mid- to late-1920s, indoor cage systems became a common way of rearing laying 357 

hens, raising them in elevated cages that separated the birds from contact with substrate and their 358 

excreta [12]. These systems are still used today, and have expanded to include other light 359 

Galliformes, such as quail [13]. However, the move to cage systems was not popularized for 360 

rearing heavier meat birds (broiler chickens and turkeys) [12], which led to a division in the poultry 361 

industry’s use of bedding. Simply put, cage-free systems use bedding mainly as a means to absorb 362 

moisture from drinkers and birds’ excreta, while cage systems may provide bedding in small areas 363 

as enrichment for birds to dustbathe and forage in (although it may also be used beneath cages to 364 

absorb moisture from fallen excreta as well). Regardless of its intended purpose, bedding is 365 

invariably used to both regulate the barn environment and provide environmental enrichment.  366 

To serve both these purposes well, a good bedding must first efficiently absorb and release 367 

moisture. By absorbing moisture quickly and facilitating its rapid evaporation, bedding can prevent 368 

moisture buildup that could increase the incidence of disease. In particular, high bedding moisture 369 

has been linked to higher rates of contact dermatitis, respiratory disease and keratoconjunctivitis 370 

[14, 15]. Moreover, a study by Drake et al. [16] found that bell drinkers (that can leak more than 371 

nipple drinkers) were a risk factor for the development of feather pecking in laying hens. This 372 

moist litter may contribute to adverse health conditions that could spur undesirable behaviours. 373 

However, like feather pecking, wet litter substrate is also less loose (friable) and more prone to 374 

caking, which makes it an inferior substrate for dustbathing.  375 

Galliformes are motivated to dustbathe [17, 18], and will even dustbathe without substrate present 376 

(sham dustbathing) [19]. Conducted in sequential phases with various behavioural elements 377 

including vertical wing shaking, bill raking and head rubbing, dustbathing incorporates substrate 378 

throughout Galliformes’ plumage [20]. In so doing, it allows them to remove stale lipids from their 379 

feathers [17, 20, 21] and to dislodge ectoparasites [20, 22]. Furthermore, poor or absent 380 

dustbathing substrate can lead Galliformes to become more fearful, leading to higher incidences 381 

of feather pecking [9, 23]. Therefore, offering Galliformes a good dustbathing substrate with low 382 

lipid content [21, 24], that is easily distributed throughout the plumage (friable and of small grain 383 

size [25]) can provide enrichment that improves Galliformes’ welfare.  384 

Substrates used for dustbathing can also be used for foraging. A combination of pecking and 385 

scratching, foraging occupies about 40% of chickens’ daylight hours [26-28]. While foraging is 386 

used by wild Galliformes as an appetitive behaviour to find food, Galliformes will forage even in 387 

the presence of readily available feed, suggesting that the behaviour itself is motivating [29, 30]. 388 

Equally important, Galliformes’ frustrated motivation to forage is strongly related to severe, 389 

injurious feather pecking of conspecifics [31], while the provision of high quality pecking 390 

substrates may protect against feather pecking [32, 33] and reduces fearfulness [9]. Therefore, 391 

providing foraging substrate — one that is nutritive [25] and that requires a longer amount of time 392 

to search, manipulate and consume [10, 31] — can also act as enrichment. However, our 393 

knowledge of important physical and chemical substrate characteristics may be incomplete. 394 

Therefore, observing Galliformes’ preference for and how they use different substrates remains a 395 

useful tool in deciphering the best bedding substrate to use as enrichment to help improve their 396 

welfare. 397 
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First conducted in 1970s, preference tests (sometimes called choice tests) can help to decipher 398 

animals’ preferences for flooring, temperature, lighting and other environmental variables. In these 399 

tests, one or more animals may choose to access and spend time with a number of different but 400 

similar resources. Researchers observe where animals spend their time and how they spend it with 401 

regards to the different resources, and use these results to ascribe preference [34]. Yet, animals are 402 

complex organisms, and preference tests must be carefully constructed to ensure that the animal’s 403 

response accurately answers the researcher’s question [35, 36]. Many external and internal factors, 404 

including animals’ previous experiences, the time of day, the animals’ mental state, and the 405 

differences between the presented options, can impact the outcome of a preference test, and yield 406 

the ‘wrong’ answer. To further complicate things, like humans, animals sometimes make decisions 407 

that do not align with their welfare, and in many cases, animals’ apparent preferences are restricted 408 

by the choices that humans offer them [34, 37]. 409 

Hence, this meta-analysis used floor substrate preference studies to assess which substrates 410 

provided the best enrichment based on where Galliformes spent time, dustbathed, foraged, and 411 

pecked. Moreover, it sought to verify claims that peat and sand were preferred dustbathing 412 

substrates, and that Galliformes do not show a preference for substrates to forage in [38, 39]. 413 

Although bedding type is the focus of this review, many studies included did not distinguish 414 

between litter and bedding. Therefore, this review uses the term ‘substrate’ to refer to both bedding 415 

(fresh material) and litter (bedding mixed with excreta, feathers and waste feed). 416 

2.3 Materials and Methods 417 

2.3.1 Database 418 

Three primary groups of search terms were used to amass literature. These terms encompassed 419 
bedding, population (Galliformes), and behaviour or preference. The search terms were used to 420 
hand-search for literature, and to search the following databases: Web of Science (Thomson 421 
Reuters Science, New York, NY), CAB Direct (CAB International, Wallingford, UK) and Google 422 
Scholar (specified to Animal Welfare and Applied Animal Behaviour journals). There were no 423 
time period exclusion criteria. The search resulted in approximately 239 related references. The 424 
abstracts and titles of all 239 references were examined to determine if they met the four inclusion 425 
criteria: 426 

1. Subjects are Galliformes 427 

2. Study reports at least one of the following: amount of dustbathing, foraging, pecking, or 428 
time spent on substrates. Substrate use for nesting is not within the scope of this meta-analysis. 429 

3. Because many countries are moving towards non-cage systems [40], and because substrate 430 
has a larger presence in non-cage systems, tested substrates must be practical for non-cage systems. 431 

4. Study reports behaviours as a percentage, count or time spent. Studies that report a 432 
percentage, number or count of birds performing a behaviour or that only provide demand curves 433 
could not be included due to inability to synchronize all data types/units with the information 434 
provided. 435 
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5. Experiment must be set up as a substrate preference test. 436 

Of the 239 articles found, ten were accessible and met these criteria (Figure 2.1). Web Plot 437 
Digitizer software [41] was used to extract data from many of these articles that only reported 438 
outcomes through graphs. A summary of the database is reported in Table 1. Due to the small 439 
number of studies that met the above-mentioned criteria, and the diversity of substrates tested, all 440 
beddings excluding peat moss, sand and wood were grouped together as “other”. This category 441 
included a variety of beddings such as straw, paper, feathers, rice hulls, & wheat bran. 442 
Additionally, since only two studies reported foraging while many reported pecking and 443 
scratching, these last two behaviours were combined to represent foraging. 444 

 445 

Figure 2.1: Schematic of the literature search. 446 
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2.3.2 Model Development 447 

Data were analyzed using SAS Studio (SAS Inst. Inc., Cary, NC).  Relationships between fixed 448 
effects were first examined using the Proc Reg MAX R procedure to assess the significance of 449 
continuous variables (e.g. stocking density, substrate area, etc.) on the outcomes (time spent, 450 
dustbathing, foraging, and pecking). Categorical variables (e.g. bedding type, species, etc.) were 451 
manually assessed for significance on outcomes one at a time. This preliminary analysis was 452 
utilized to advise model development within a generalized linear mixed model (GLIMMIX) 453 
procedure considering the random effect of study. A P-value of < 0.05 was the criterion for 454 
statistical significance and for inclusion of fixed effects in the analysis, while tendencies are 455 
reported at 0.05 ≤ P ≤ 0.1. The incidence of dustbathing, foraging and pecking on substrate 456 
followed a gaussian distribution whereas time spent on substrate followed a lognormal distribution. 457 
The cook’s D influence analysis was then used with a mixed model to identify influential outliers 458 
in the gaussian models, while extreme observations exceeding ±3.4 (identified by Proc Univariate) 459 
were used to identify outliers in the lognormal model. However, no outliers were removed. The 460 
percentage of dustbathing, foraging and pecking is shown as LS means ± SEM, and time spent is 461 
shown as omega backtransformed LS means ± SEM. Wald-type F-statistics were used to test 462 
general linear hypotheses, while differences for LS means were tested using t-tests. In our 463 
description of results, Fv1,v2 denotes a Wald-type F-statistic on v1 numerator and v2 denominator 464 
degrees of freedom, and tv denotes a t-statistic on v error degrees of freedom. 465 

2.3.3 Model Evaluation 466 

Models were evaluated based on the normality of residuals, which were examined graphically and 467 
using the Shapiro-Wilk statistic. Normality and homogeneity of the random effect was observed 468 
graphically with QQ and sample distribution plots, and time spent, the only non-normal model, 469 
was evaluated for over dispersion by ensuring that ChiSquare/DF < 1.0. 470 

Further model evaluations were performed using the study-adjusted Y predicted values. These 471 
evaluations employed the use of percent root mean square prediction error (rMSPE%), which 472 
estimates the overall prediction error and identifies the best model as one with a smaller rMSPE% 473 
value. The mean square prediction error (MSPE) is calculated as:  474 

∑
(𝑶𝒊 − 𝑷𝒊)

𝟐

𝐧
,

𝒏

𝒊=𝟏

 475 

where n is the total number of observations, Oi is the observed value, and Pi is the predicted value. 476 
The MSPE was then decomposed to determine the model’s mean bias (ECT), regression slope 477 
deviation (ER) and error from disturbance (random error; ED), as well as the percent of error that 478 
each of these make up [51]. 479 

Lastly, the model was evaluated using the concordance correlation coefficient (CCC), which 480 
identifies a model’s relationship as perfectly unrelated (-1), not related (0) or perfectly related (1). 481 
The CCC is calculated as:  482 

(1) 
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𝑪𝑪𝑪 =  𝑹 ×  𝑪𝒃, 483 

where R — the Pearson correlation coefficient — measures precision and Cb measures accuracy. 484 
Calculating Cb also requires two other variables: v and μ. A measure of scale shift, v expresses the 485 
change in standard deviation between predicted and observed values. Greater variance in the 486 
predicted data compared to observed is shown in a v value larger than one, while values less than 487 
one indicate a smaller variance. μ measures location shift relative to the scale, with negative μ 488 
values implying underprediction and positive values indicating overprediction [52]. 489 

2.4 Results 490 

2.4.1 Significance of independent variables 491 

All independent variables were analyzed for significance. Table 2.3 presents a summary of 492 
variables’ effects on outcomes. 493 

 494 

2.4.2 Results of final models 495 

2.4.2.1 Percent of time spent 496 

Bedding type (F4,10= 11.82, P = 0.0008), substrate area (F1,10= 39.18, P < 0.0001), and enclosure 497 
area (F1,10 = 8.89, P = 0.0138) all significantly affected which substrate Galliformes preferred 498 

Table 2.2: The significance of independent variables on outcomes. Green indicates a significant effect (P < 0.05), 

yellow indicates a tendency (0.05 ≤ P ≤ 0.1), and red indicates a non-significant effect (P > 0.1). Starred variables 

were included in model equations for analysis. 

Independent variables  Models 

  Time spent  Dustbathing  Foraging  Pecking 

Bedding type  *  *  *  * 

Substrate area  *       

Enclosure area  *       

Number of days on substrate         

Stocking density         

Animals/m2/day         

Species (breed)         

Substrate depth         

Grain size         

(2) 
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spending time on (Figure 2.2). Their choices led the birds to spend more time on sand (41% ± 499 
33.6%) than on wood (23% ± 18.6% ; t10= 3.47, P = 0.0376), other substrates (17% ± 13.8% ; t10= 500 
5.09, P = 0.0033), and no substrate (9% ± 8.0% ; t10= 5.58, P = 0.0017). Additionally, birds spent 501 
more time on peat moss (35% ± 31.5%) than on no substrate (t10= 3.67, P = 0.0280). However, 502 
there was no significant difference in the amount of time Galliformes spent on peat moss, wood or 503 
other substrates (p > 0.05). Table 2.4 shows the predictive equations produced for time spent on 504 
floor substrates if all substrates are given at the same time. 505 

 506 

Figure 2.2: Percent of time spent (LS means ± SEM) on substrates (sand, peat moss, wood, other substrates and no 507 
substrate). Different letters indicate significant differences (P < 0.05). Number of treatments (t) and studies (s) that 508 
include each substrate are noted below each bar. The numbers of t and s differ because some studies used multiple 509 
floor substrates of the same kind with distinct differences (e.g. wire floors and a concrete ‘home’ area for no substrate).  510 

 511 

 512 
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2.4.2.2 Percent of dustbathing 513 

Bedding type (F3,30= 8.98, P = 0.0002) alone significantly affected substrate preference for 514 
dustbathing (Figure 2.3). Galliformes dustbathed significantly more on peat moss (79% ± 16.3%) 515 
than on wood (16% ± 8.3%; t30= 3.51, P = 0.0074) and other substrates (9% ± 8.3%; t30= 3.87, P 516 
= 0.0029). Galliformes dustbathed more on sand (50% ± 7.5%) than on wood (t30= 3.21, P = 517 
0.0158) and other substrates (t30= 3.85, P = 0.0031). Because bedding is the only variable that 518 
impacts percent of dustbathing, the equations produced by this model are identical to the LS means 519 
± SEM presented in Figure 3, and therefore are not shown. 520 

 521 

Table 2.3: Equations for time spent. Each equation represents the predicted time that Galliformes would spend on each resource if 

given all five options. The estimate and SEM are presented for each independent variable in the equation.  

Percent of time 

spent on: 

 Equation 1 

Sand  = 1.3(±0.17) + 2.0(±0.32) × Substrate area (𝑚2) - 1.0(±0.34) × Enclosure area (𝑚2) 

Peat moss  = 1.1(±0.33) + 2.0(±0.32) × Substrate area (𝑚2) - 1.0(±0.34) × Enclosure area (𝑚2) 

Wood  = 0.7(±1.84) + 2.0(±0.32) × Substrate area (𝑚2) - 1.0(±0.34) × Enclosure area (𝑚2) 

Other 

substrates 

 = 0.4(±0.18) + 2.0(±0.32) × Substrate area (𝑚2) - 1.0(±0.34) × Enclosure area (𝑚2) 

No substrate  = −0.2(±0.27) + 2.0(±0.32) × Substrate area (𝑚2) - 1.0(±0.34) × Enclosure area (𝑚2) 

1 The output of all equations must be backtransformed from a lognormal distribution to obtain the result on the original data scale 

(eequation). 
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Figure 2.3: Percent of dustbathing (LS means ± SEM) on substrates (sand, peat moss, wood, and other). Different 522 
letters indicate significant differences (P < 0.05). Number of treatments (t) and studies (s) that include each substrate 523 
are noted below each bar. The numbers of t and s differ for sand and wood because some studies used multiple 524 
beddings of the same kind with distinct differences (e.g. different colours or grain sizes). 525 

2.4.2.3 Percent of foraging 526 

None of the analyzed variables, including bedding type (F3,21= 80.73, P = 0.5430), significantly 527 
affected substrate preference for foraging behaviour (Figure 2.4). Birds spent equal percentages of 528 
time foraging on peat moss, sand, wood and other substrates. Furthermore, analysis of the residuals 529 
vs other factors revealed that none of the independent variables significantly affected the accuracy 530 
of model predictions (data not shown). 531 

 532 

Figure 2.4: Percent of foraging (LS means ± SEM) on substrates (sand, peat moss, wood, and other). Different letters 533 
indicate significant differences (P < 0.05). Number of treatments (t) and studies (s) that include each substrate are 534 
noted below each bar. The numbers of t and s differ for sand and wood because some studies used multiple beddings 535 
of the same kind with distinct differences (e.g. different colours or grain sizes). 536 

2.4.2.4 Percent of pecking 537 

Similar to foraging, none of the analyzed variables, including bedding type (F3,22= 1.30, P = 538 
0.3002), significantly affected substrate preference for pecking behaviour (Figure 2.5). However, 539 
the number of days spent on the substrate tended to affect the percentage of pecking (0.05 ≤ P ≤ 540 
0.1), Regardless, Galliformes spent equal percentages of time pecking on peat moss, sand, wood 541 
and other substrates. Further analysis of the residual vs other factors revealed similar results to 542 
foraging. However, plotting the residual vs. days on substrate (Figure 2.6) showed a non-constant 543 
distribution of residuals across days on substrate. One study in particular [46] influenced the model 544 
to over-predict higher values.  545 
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 546 

Figure 2.5: Percentage of pecking (LS means ± SEM) on substrates (sand, peat moss, wood, and other). Different 547 
letters indicate significant differences (P < 0.05). Number of treatments (t) and studies (s) that include each substrate 548 
are noted below each bar. The numbers of t and s differ for sand and wood because some studies used multiple 549 
beddings of the same kind with distinct differences (e.g. different colours or grain sizes). 550 

 551 
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Figure 2.6: Residual of pecking vs the number of days spent on substrate. Different symbols indicate different studies. 552 
All numbers correspond to a study (Table 2.1 and 2.2). 553 

2.4.3 Model evaluation  554 

Model evaluation statistics based on the study-adjusted Y values for each of the final models are 555 
presented in Table 2.5. Results indicate that, given its high CCC, the time spent model has both 556 
high accuracy (Cb) and precision (R). However, given the high CCC value, the breakdown of 557 
rMSPE% shows a higher error due to regression (ER%). Evaluation of the observed vs adjusted 558 
predicted values shows that this error due to regression is driven entirely by observations of no 559 
substrate. Given the variety in what may be considered ‘no substrate’ (e.g. wire flooring, a home 560 
compartment with feed and water etc.), this discrepancy between observed and predicted outcomes 561 
in ‘no substrate’ makes sense. 562 

Conversely, the distribution of rMSPE% in dustbathing is mostly weighted onto random error. 563 
However, despite this expected, preferred distribution of error, the CCC of dustbathing is relatively 564 
low. This may be because, while the model shows good accuracy, it also has a relatively low 565 
precision (R), implying that a great deal of random error is yet to be accounted for. Similarly, the 566 
foraging and pecking models showed good accuracy but very low precision, which is unsurprising 567 
given that both of these models are non-significant. 568 

 569 

 570 

 571 

 572 

 573 

 574 

 575 

Table 2.4. Final model evaluation parameters by outcome (time spent, dustbathing, 

foraging, pecking). 

   Time spent  Dustbathing  Foraging 

1 

 Pecking 2 

rMSPE% 

3 

 21.1597  84.1658  73.9937  78.0356 

ECT% 4  0.0541  0.0000  0.0000  0.0000 

ER% 5  9.4228  0.3797  14.2886  14.5253 

ED% 6  90.5232  99.6203  85.7114  85.4747 

CCC 7  0.9410  0.6000  0.0168  0.0887 

R 8  0.9421  0.6686  0.0231  0.1085 

Cb    0.9988  0.8974  0.7272  0.8171 

1, 2 Non-significant equations 

3 root means squared prediction error, % of mean 

4 Error due to mean bias; % of total MSPE 

5 Error due to regression; % of total MSPE 

6 Error due to disturbance; % of total MSPE 

7 Concordance correlation coefficient; C = R × Cb 

8 Pearson correlation coefficient; measure of precision 
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2.5 Discussion 576 

This meta-analysis systematically reviewed Galliformes’ preferences for bedding substrates based 577 
on the amount of time spent, as well as dustbathing, foraging, and pecking behaviour on the 578 
substrates. However, all the studies in this meta-analysis used chickens (laying hens, broilers, or 579 
red jungle fowl) as their subjects, so this analysis does not cover all Galliformes. Only one paper 580 
described the effect of substrate on the behaviour of Japanese quail (Coturnix japonica) [53] but 581 
was excluded because it was not a preference test. The effect of substrates on the behaviour and 582 
preferences of pheasants, guinea fowl, bobwhite quail, and turkeys is therefore unknown. 583 
Regardless, based on phylogeny, the stimulating and motivating qualities of substrates for 584 
dustbathing, pecking, and foraging could be expected to be similar, if not the same, for chickens, 585 
pheasants, guinea fowl, bobwhite quail, Japanese quail, turkeys and any other farmed Galliformes.  586 

This meta-analysis shows that Galliformes choose where to spend their time based on bedding 587 
type, substrate area and enclosure area. It also found that they spent more time on sand than on 588 
wood, other substrates, and no substrate, and spent more time on peat moss than on no substrate. 589 
However, only five studies reported time spent, so the equations produced from this model should 590 
be taken with caution. Additionally, even though only one study reported time spent with peat 591 
moss, we kept peat moss as a separate bedding (instead of grouping it with “other”) due to its 592 
reputation as a preferred substrate [38, 39, 54]. Thus, conclusions for peat moss based on this 593 
analysis, while interesting, should be approached with caution. 594 

Bedding type alone affected Galliformes’ dustbathing preferences, as they dustbathed more on 595 
peat moss and sand than on wood and other substrates. The number of days spent on substrate 596 
tended to affect pecking; however, bedding type did not influence Galliformes’ preference for 597 
foraging or pecking, and they performed these behaviours in similar amounts on all substrates.  598 

Based on the amount of dustbathing and time spent on each bedding, peat moss and sand appear 599 
to be the most preferred bedding substrates. Both beddings have qualities known to stimulate 600 
dustbathing. For instance, compared to wood, both peat moss and sand are less prone to caking, 601 
and sand has been shown to remove lipids more efficiently from feathers compared to wood [5, 602 
48, 55]. Conversely, there are no known substrate qualities that predict where Galliformes spend 603 
their time independently of their motivation to perform certain behaviours, like dustbathing. 604 
However, one can reasonably speculate that Galliformes would be accustomed to walking on dirt-605 
like substrates, which peat moss and sand closely resemble. Since heavier birds like broiler 606 
chickens and turkeys have reduced perching ability [56] and spend much of their time sitting or 607 
lying down [57], the feel and comfort of these beddings may also affect where they spend time. 608 
Compared to peat moss and sand, many wood shavings possess chemical irritants [58, 59] in 609 
addition to being physically abrasive. Therefore, Galliformes may also avoid beddings that are 610 
physically uncomfortable, although few studies have examined how different substrates affect 611 
comfort behaviours (e.g. preening, stretching, etc.) [46, 47] or how a substrate’s resemblance to 612 
dirt affects where Galliformes spend time. The finding that substrate area and enclosure area 613 
affected birds’ choice is unsurprising, as birds spent more time on a substrate that had a larger 614 
substrate area. However, many Galliformes like to explore, and the effect of substrate area was 615 
counterbalanced by a large enclosure area that led birds to spend less time on any given substrate. 616 
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Unlike dustbathing and time spent, Galliformes did not show a substrate preference for foraging 617 
or pecking. However, the number of days spent on substrate tended to affect their preference for 618 
pecking substrate (Figure 2.6). Analysis of the number of days on substrate revealed that the longer 619 
birds spent on the same substrate, the more the model tended to over-predict. This over-prediction 620 
was largely driven by one study [46] that kept birds on the same substrate for 49 days, which may 621 
explain why number of days on substrate tended to affect pecking. Therefore, proper understanding 622 
of the effect of days on substrate requires that more research examine pecking behaviour on 623 
substrate over longer periods of time.  624 

Yet, most studies did not explicitly state if litter was cleaned out or if fresh bedding was ever 625 
applied on top of litter, making ‘days on substrate’ an estimated variable. Even then, the proxy 626 
variable for cleanliness, animals per m2 per day, did not significantly affect pecking or foraging. 627 
This may be because the function of foraging and pecking — investigating and finding potential 628 
food sources — does not require substrate. Conversely, to be a functional behaviour, dustbathing 629 
requires substrate: dustbathing without substrate (sham dustbathing) does not fulfill the 630 
behaviour’s function of removing oils and ectoparasites from the integument [17, 20-22]. Yet, in 631 
the absence of substrates, chickens will forage in and consume excreta [60, 61] and, while excreta 632 
is not a preferred foraging substrate, they will consume 5-24% of their group’s excreta even when 633 
housed on bedding [62]. Therefore, as substrates become soiled, they may all become equally 634 
attractive foraging and pecking substrates. Alternatively, the soiling of bedding over time may 635 
render available bedding options indistinguishable as they all degrade to a soil-like consistency. 636 
Evidence for the impact of substrate soiling on behaviour can be seen with dustbathing, as a study 637 
by Moesta et al. [63] found that used (degraded and soiled) wood shavings stimulated hens to 638 
dustbathe more than fresh shavings. The study therefore concluded that, as long as substrate 639 
remained friable, used wood shavings were more stimulating and adequate for dustbathing than 640 
fresh. Again, however, few studies describe how or if litter was cleaned out or replenished, which 641 
would clarify these findings. 642 

The lack of reporting relevant substrate characteristics is not limited to substrate freshness. For 643 
example, three of the 10 studies in this meta-analysis reported grain size. Of these studies, none 644 
reported grain size for all substrates included in the preference test and of the seven grain sizes 645 
reported, five were ranges. While every study reported dustbathing or its various behavioural 646 
elements, none reported caking, moisture content or any analogous measurement for degree of 647 
substrate friability, nor did they report substrate lipid content, which was first suggested as a 648 
function of dustbathing by van Liere and Bokma [24]. Reporting known and possible substrate 649 
characteristics that influence Galliformes’ preferences would not only explain why they make 650 
decisions but could also improve study reproducibility [64], and applicability across species. All 651 
bedding substrates come with benefits and drawbacks to galliform health and behaviour. Despite 652 
Galliformes’ preference for sand and peat moss, the industry is unlikely to use either (especially 653 
peat moss) due to labour requirements, wear and tear on equipment, cost and unsustainability. 654 
Therefore, knowledge of important substrate qualities for dustbathing, foraging, and other high 655 
priority behaviours [20] can aid in the search for practical, cost-effective, sustainable, healthy and 656 
enriching substrates. By replacing many preference tests of chickens and other Galliformes with 657 
accurate, transparent assessments of substrate characteristics, the number of animals needed for 658 
preference tests could be substantially reduced, thereby satisfying one of the “3 Rs” for non-human 659 
animal research [65]. 660 
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Yet, observing the amount of sensory and motor stimulating behaviour — such as dustbathing and 661 
foraging — performed on different substrates is still a useful metric. When measuring these 662 
behaviours, this meta-analysis highlights the need for consistent methods of measurement. For 663 
instance, as previously mentioned, all studies measured dustbathing. Yet, they measured 664 
dustbathing six different ways: vertical wing shakes per hour, percent of vertical wing shakes, 665 
mean dust-baths per hen per day, mean total dust-baths, dust-baths per hour, and percent of time 666 
(on substrate) spend dustbathing. This variety in measurement method (which would require 667 
converting both the mean and standard error of the mean (SEM) to the same scale) and the lack of 668 
reported SEM prevented weighting studies by SEM. 669 

Therefore, this meta-analysis highlights opportunities for improving preference tests specific to 670 
Galliformes’ substrate preferences, as well as preference tests as a whole. 671 

2.6 Conclusions 672 

As the first meta-analysis of Galliformes’ floor substrate preferences, this review confirmed that 673 
Galliformes preferred to dustbathe and spend time on sand and peat moss over wood shavings, 674 
other substrates and no substrate. It found that bedding impacted both outcomes, and that enclosure 675 
area and substrate area also affected where birds spent their time. However, none of the examined 676 
variables affected foraging and pecking behaviour, and birds foraged and pecked on all substrates 677 
a similar amount.  678 

While this meta-analysis only encompassed ten studies, few studies reported physical and chemical 679 
substrate qualities that may explain Galliformes’ preferences. Moreover, the studies used a variety 680 
of measurements to record the same behaviours and rarely reported the standard error of the mean 681 
(SEM), which complicated and limited analysis. To avoid these challenges, future studies should 682 
focus first on identifying important chemical and physical substrate qualities that determine 683 
Galliformes’ substrate preferences. These substrate qualities can then be used to identify practical, 684 
cost-effective beddings that better satisfy Galliformes’ behavioural wants and needs, while 685 
reducing the number of animals used to answer this question. Implementation of these new 686 
beddings on farms can then be used to reduce the incidence of undesirable behaviours — like 687 
injurious feather pecking — for all farmed Galliformes, improving their welfare in the process. 688 
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3 Knowledge Gap 841 

Many bedding qualities — including moisture absorption and dustiness — are important to 842 
Galliformes’ welfare. However, high stocking densities on farm lead this bedding to rapidly soil, 843 
making soiling the most important, under-reported factor among the ten studies in the previous 844 
chapter’s meta-analysis. Moreover, standards of cleanliness — in other words, how often litter is 845 
cleaned out and new bedding added — vary by country. For example,  “as a result of the 846 
availability and expense of pine shavings and sawdust, and the difficulty of handling and disposing 847 
of used litter,” US poultry companies and broiler producers “have adopted the practice of reusing 848 
litter for one, two or even more years of production. This practice has become a standard in the 849 
industry” [1]. In Canada, broiler chicks’ litter must be cleaned out and replaced with new bedding 850 
after each flock, which equates to approximately every 42 days. However, Canada’s regulations 851 
regarding turkeys — while similar for joint brooder and grow out barns — allow grow-out-only 852 
barns to reuse the same litter for up to a year [2]. Although turkeys living on the same soiled litter 853 
for a year may not always occur, as an Australian study found that 82% of turkey farmers added 854 
fresh bedding between flocks and 27% cleaned out old bedding between flocks [3]. Moreover, a 855 
recent survey reported that, of 83 turkey farms in Canada that responded, only 13.6% of the 856 
surveyed farms had already reared one to three flocks on the litter in their barn at the time of the 857 
survey [4], which may indicate that rearing turkeys on the same litter for a year may not often 858 
occur. 859 

Given litter’s tendency to become rapidly soiled, the birds’ inability to escape it, and the tolerance 860 
for soiled litter in litter management regulations, soiling may pose a risk for their welfare. To assess 861 
the verity of this claim, we can use Fraser’s three conceptions of animal welfare [5]. This popular 862 
model describes three aspects of animal welfare: biological functioning, natural living, and 863 
affective states. The aspects may be roughly grouped under three separate headings, although they 864 
also involve considerable overlap. It is also important to note that “the pursuit of one criterion does 865 
not guarantee a high level of welfare as judged by the others” [5].  866 

In addressing the first aspect of animal welfare: biological functioning, it should first be noted that 867 
fresh bedding itself can pose health risks to animals [6-10]. However, poorly managed litter that 868 
becomes too wet or dry can be equally — if not more — detrimental to the health of turkeys and 869 
broiler chickens [11]. Birds that cannot escape contact with wet litter may develop dermatitis on 870 
their hocks, breasts, and feet, with secondary bacterial infections often occurring on the feet [12]. 871 
Contact dermatitis is a painful condition [13], that may affect as much as 95% of turkeys [14] and 872 
10-98% of broiler chicks [15-17]. Additionally, moisture from excreta (and other sources, like 873 
leaking drinkers) in litter encourages the bacterial breakdown of excreta, which produces ammonia 874 
gas [18]. While ammonia is aversive to Galliformes past 10 ppm [19], recommended maximum 875 
concentrations are often closer to 20-25 ppm [20, 21]. Yet, even then, some studies report up to 876 
200 ppm in some barns, especially during the winter when ventilation is reduced to avoid heat loss 877 
[11]. Whether the real maximums should be 10 or 25 ppm, high concentrations of ammonia may 878 
contribute to keratoconjunctivitis and respiratory problems for the barn’s inhabitants [18]. 879 
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Second, from the perspective of providing a natural environment, some beddings, like sand and 880 
peat moss, may closely resemble the ancestral floor substrate of both wild turkeys and red jungle 881 
fowl: dirt. However, peanut/rice hulls, wood shavings, and recycled paper may be more broken 882 
down once used and soiled. Therefore, while a heavily soiled environment may be unnatural in 883 
and of itself, some beddings may create a more natural environment once soiled and degraded. 884 

Lastly, the effect of soiling on Galliformes’ affective state is unclear. A soiled environment 885 
increases the likelihood of birds developing painful conditions like keratoconjunctivitis from 886 
ammonia [18] and contact dermatitis from moist litter [13]. Moreover, if birds find soiling 887 
aversive, then the inability to escape a soiled environment may lead to frustration. This frustration 888 
may be compounded if birds are forced to dustbathe in soiled substrate, or if litter becomes too 889 
caked to effectively dustbathe in. However, litter is not always caked. If it is dry, as mentioned in 890 
the previous chapter, laying hens prefer to dustbathe in used, soiled, and degraded wood shavings 891 
over fresh [22]. Furthermore, Galliformes’ tendency to forage in and consume excreta suggests 892 
that soiled litter may be more nutritive and appealing to forage in over fresh bedding [23-25]. 893 
Therefore, one might presume that soiled bedding could improve animals’ affective state by 894 
offering substrates that better stimulate species-specific behaviours. The conflicting information 895 
surrounding this topic reflects how little is understood about Galliformes’ perception of soiled 896 
environments. Despite the number of Galliformes farmed, and the extensive use of litter 897 
management practices that allow heavy soiling, few studies [23, 24, 26] indicate how Galliformes 898 
might feel about living in a heavily soiled environment. Therefore, this research sought to address 899 
the following research questions (Chapter 4, 5), which will be further discussed in Chapter 6: 900 

• Chapter 4: Do turkeys have a preference for fresh wood shavings, soiled wood shavings, 901 
soiled wood shavings treated with an ammonia reductant, or no substrate at all? How 902 
valuable are these substrate treatments compared to the gold standard: feed? 903 

• Chapter 5: Do broiler chickens have a preference for fresh pine and spruce wood shavings, 904 
fresh aspen wood shavings, soiled wood shavings, or soiled wood shavings treated with an 905 
ammonia reductant? How valuable are these substrates compared to the gold standard: 906 
feed? 907 
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4 Are turkeys (Meleagris gallopavo) motivated to avoid excreta-968 

soiled substrate? 969 

4.1 Abstract 970 

The soiling of bedding on modern turkey farms combined with turkeys’ reduced ability and 971 
opportunity to perch and roost at elevation, forces them to spend most, if not all, of their time in 972 
contact with their excreta. To determine turkeys’ perspective on these conditions and the value 973 
they place on unsoiled bedding vs. soiled litter (collectively, substrates), we used twenty-four 974 
eleven-week-old turkey hens divided into six two-compartment pens. In the ‘home’ compartment 975 
(H), we placed soiled wood shavings, while the ‘treatment’ compartment (T) contained: no 976 
substrate (NS), fresh pine and spruce wood shavings (FP), soiled pine and spruce wood shavings 977 
(SP), ammonia reductant treated soiled pine and spruce wood shavings (TSP), or a feed treatment. 978 
One-way push-doors separated the two compartments. The door leading to T weighing an 979 
additional 0%, 20% or 40% of the turkeys’ body weight while the door to H remained unweighted. 980 
All birds were exposed to each resource and door weight in a systematic order. We measured the 981 
turkeys’ motivation based on the number of birds that pushed the maximum weight to access each 982 
resource, the amount of time spent in T, and the number of visits to T. Our findings show that 983 
turkeys worked harder to access feed compared to all the floor substrate treatments. Additionally, 984 
they were equally motivated to access all the substrate treatments. 985 

4.2 Introduction 986 

Unlike wild turkeys that spend their days foraging on the ground and roost in trees at night [1], 987 
modern-day domestic turkeys spend much of their lives on the ground. With animals weighing 10-988 
18 kg by 15-17 weeks old [2, 3], the birds can have difficulty perching or roosting on elevated 989 
perches or platforms due to their weight. If perches are provided, 0% of birds will use them by 10 990 
weeks old [4]. However, a recent survey of Canadian turkey farmers showed that only 2.9% of 991 
farmers provide perches [5]. The lack of elevated perching and roosting areas combined with 992 
declining use with age and weight means that turkeys spend most, if not all, of their time in contact 993 
with the ground. Moreover, these animals are housed in barns at stocking densities that allow the 994 
floor (and any bedding on it) to quickly accrue with feathers, waste feed, and excreta. Standard 995 
litter management recommendations often prohibit the use of toxic beddings and require that litter 996 
be maintained at an adequate moisture level [6]. However, they do not require or recommend short-997 
term cleaning schedules (e.g. weekly cleaning) to manage the degree of soiling in the barn [6, 7]. 998 
As a result, combined brooder and grow-out barns often require that litter be cleaned out after 999 
every flock, while grow-out-only barns may require only yearly cleanings [7]. A recent survey of 1000 
housing and management of turkey flocks in Canada, for which 20% of surveyed turkey farms 1001 
responded, revealed that 15.7% of farmers kept multiple flocks on the same litter in grow-out barns 1002 
[5]. Similarly, a 2007 study in Australia found that 27% of turkey farms did not clean out soiled 1003 
litter between flocks, but 82% provided an additional fresh layer of bedding for these new flocks. 1004 
While the unnaturalness of this environment may raise questions regarding the well-being of 1005 
turkeys kept on litter, current practices can also affect their health. 1006 
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Since turkeys have a longer grow-out period (~14 weeks) compared to other Galliformes raised 1007 
for meat, like broiler chickens (~35-42 days), improperly managed litter can lead to more frequent 1008 
and, occasionally, severe, health outcomes for the animals. In particular, as excreta builds up, 1009 
substrate moisture content increases. High moisture content in bedding or litter (collectively, 1010 
substrates) alone may cause contact dermatitis, either on the footpad or the breast area, which can 1011 
lead to lesions and ulcers [8-12]. Contact dermatitis is painful [8 ] and is recognized as an important 1012 
welfare issue by farmers [13]. Moreover, this condition can be quite common, as 73-95% of farmed 1013 
turkeys may show signs of footpad dermatitis [14, 15] while up to 27% of male turkeys and 7% of 1014 
female turkeys surveyed on German turkey farms exhibited breast lesions [11]. Apart from this, 1015 
high moisture content also raises ammonia production [16], which increases the risk of 1016 
keratoconjunctivitis and respiratory disease [17]. The adverse health outcomes associated with 1017 
high ammonia led to the development of chemical ammonia reductants that trap ammonia in the 1018 
litter as ammonium. Ammonia reductants can be used to reduce the incidence of ammonia-related 1019 
disease in birds. Moreover, since we know that Galliformes avoid environments with atmospheric 1020 
ammonia concentrations exceeding 10 ppm [18], they could also help us determine if soiled 1021 
environments by themselves — without ammonia — are aversive. However, these chemical 1022 
ammonia reductants also act as acidifiers [19], and it is unknown whether or not turkeys would 1023 
prefer to avoid them.  1024 

Given that soiling alone may impede turkeys’ ability to perform rewarding behaviours, such as 1025 
dustbathing and foraging [20-22], it’s possible they may prefer to avoid soiled environments. The 1026 
higher moisture content of litter combined with compaction over time may cause litter to cake, 1027 
reducing friability and, thus, the ability of the substrate to provide a satisfying dust bath. This, as 1028 
well as resting on soiled bedding, may lead to soiled integument. Such soiling is unusual in wild 1029 
birds, particularly in those that are healthy [23]. If turkeys find soiled environments aversive, then 1030 
the frustration of being unable to escape a soiled environment may then be compounded by their 1031 
soiled integument. 1032 

Many countries require or recommend that turkeys be reared with substrate (e.g. Canada [6]). 1033 
However, Farghly et al. [24] showed that, in hotter climates, slotted (or slatted) floors reduced the 1034 
incidence of disease in turkeys and helped to reduce body temperature, airborne dust particulates, 1035 
and ammonia concentrations [24]. Therefore, whether or not turkeys show a relative preference 1036 
for substrate or no substrate under the given experimental conditions could have enormous 1037 
implications for their welfare.  1038 

In a laboratory setting, preference tests allow animals to show their relative preferences for 1039 
different resources by spending more time with, more quickly approaching, or more frequently 1040 
using one or more of the resources. However, preference tests alone cannot determine the value of 1041 
different resources compared to one another. To ascribe preference and value, consumer-demand 1042 
motivation tests present with increasingly challenging obstacles to animals that they must 1043 
overcome to access a resource [25, 26]. Examples of these challenges include pecking a key [27] 1044 
[28], overcoming a barrier [29], or pushing a weighted door [30, 31]. This study is the first to use 1045 
weighted push-doors to assess turkeys’ motivation to access different substrate treatments, and 1046 
used the percentage of birds that pushed the maximum door weight as a proxy for maximum price 1047 
paid. This method measures motivation [32, 33] by measuring the value of a resource to an animal 1048 
through the maximum amount of work the animal will expend to access a resource [34]. 1049 
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Additionally, the turkeys’ ability to leave the treatment area without paying a cost meant that the 1050 
reward size (length of visits) was under the turkeys’ control. Therefore, we also recorded the time 1051 
spent in and the number of visits to each treatment with varying price. These metrics of motivation 1052 
to access substrate treatments were then compared to the turkeys’ motivation to access feed, the 1053 
gold standard of comparison [27]. 1054 

Because of the unnaturalness of a soiled environment, as well as the ammonia it produces, we 1055 
predicted that the turkeys would show greater motivation to access fresh pine and spruce shavings 1056 
over soiled pine and spruce shavings (a commonly used bedding for turkeys in Canada [5]). We 1057 
also predicted that the birds would prefer ammonia reductant treated soiled pine and spruce 1058 
shavings over soiled pine and spruce shavings, and that they would prefer substrate over no 1059 
substrate. Thus, we predicted that the turkeys would differentiate between the substrate treatments 1060 
in the following rank order, from most to least preferred: fresh pine and spruce wood shavings, 1061 
ammonia reductant treated soiled wood shavings, soiled wood shavings, and no substrate.  1062 

4.3 Materials and Methods 1063 

4.3.1 Ethical approval 1064 

The University of Guelph Animal Care Committee (Animal Use Protocol Number 3169) approved 1065 
this study before testing. Additionally, we followed the ARRIVE guidelines in the planning and 1066 
conducting of this experiment [35]. 1067 

4.3.2 Housing, feeding and management  1068 

We divided 24 11-week-old non-beak trimmed Hybrid XL turkey hens into groups of four across 1069 
six different pens. Birds within a pen were differentiated by Twit-Stik® livestock colour sticks 1070 
(blue, green, pink or red), in addition to their wing tags. The bottom of all six 1.11 m x 2.80 m 1071 
floor pens (Figure 4.1) was laid with rubber mats covered in Pestell™ pine and spruce wood 1072 
shavings. Feed and water were provided ad libitum, and the turkeys experienced light at 20 lux 1073 
from 6:00 to 22:00 every day with 20 minutes of sunrise/sunset. 1074 
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 1075 

Figure 4.1: Pen layout with pen divider creating two different compartments (home and treatment) accessible through 1076 
unidirectional doors. The treatment and home compartments alternated locations to avoid side bias. Each compartment 1077 
had ad libitum feed and water access. (a) Pen setup to test substrate treatments (soiled pine and spruce wood shavings 1078 
(SP), soiled pine and spruce shavings treated with an ammonia reductant (TSP), fresh pine and spruce wood shavings 1079 
(FP), no substrate (NS)). (b) Pen setup for the feed treatment, which involved blocking access to feed in the home 1080 
compartment. 1081 

4.3.3 Substrates 1082 

At 11 weeks old, the turkeys were habituated to the substrates: fresh pine and spruce wood 1083 
shavings (FP), soiled pine and spruce wood shavings collected from the turkeys’ pens prior to the 1084 
experiment, soiled pine and spruce wood shavings treated with an ammonia reductant (37 kg/100 1085 
m2 of PLT® — Poultry Litter Treatment, Jones-Hamilton Co., United States of America) (TSP), 1086 
and no substrate (rubber mats over concrete floor; NS). The turkeys habituated to the different 1087 
substrates over the course of one week. 1088 

Each of the six pens were divided into two compartments that alternated sides daily and had ad 1089 
libitum access to feed and water (Figure 1). The home compartment (H) always contained soiled 1090 
litter that was made by allowing the turkeys to soil fresh pine & spruce wood shavings for three 1091 
weeks. The treatment compartment (T) contained one of the four aforementioned substrate 1092 
treatments. In addition to these four substrates, we included a feed treatment as a gold standard. In 1093 
this treatment, soiled pine and spruce wood shavings were provided in T and H, while the feeder 1094 
in H was removed — forcing the turkeys to move to T to access feed. This treatment was the only 1095 
time that feed was not accessible in H.  1096 

On the last day of trials, we sampled all substrate treatments at the start and end of the day and 1097 
sent them to SGS labs (Guelph, Canada) for content analysis. The average moisture content (%), 1098 
pH, and ammonium (%) concentration are reported in Table 4.1. 1099 

 1100 
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Table 4.1: Litter analysis of the average moisture content, pH, and ammonium concentration of the four litters and 1101 
excreta were obtained from two samples collected on the last experimental day, one collected immediately after 1102 
placement and at the end of the day. No standard error is provided for excreta because only one sample was taken at 1103 
the end of the day and because rubber mats were clean at placement. 1104 

4.3.4 Push-door setup 1105 

Compartments T and H were separated by a barrier that contained two unidirectional push-doors 1106 
that the turkeys were habituated to over the course of two weeks. To measure their motivation to 1107 
access a resource (feed, FP, SP, TSP, or NS), an equivalent weight of 0%, 20% or 40% of the 1108 
turkey hens’ average body weight was mounted to the doors that led from H to T. Additionally, 1109 
the turkeys could return to H through another one-way door that was always mounted with 0% of 1110 
their body weight (Figure 5.1 & 5.2). 1111 

 1112 

Figure 4.2: Divider layout with push doors viewed from turkey eye level. We built the dividers quite high (1.4 m) to 1113 
ensure the birds would not perch or attempt to get over them. We equipped each divider with two push doors that 1114 
mounted just below the wooden frame. Furthermore, we fixed each unidirectional push door with metal “weight 1115 
holders” that held tubes of modifiable weight (modified by adding or removing lead weights). The doors were made 1116 
of transparent plastic. 1117 

Substrate  

Average 

Moisture (%)  

Average 

pH  

Nitrogen 

(%)  

Average ammonium 

(ppm) 

Home litter  32.3 ± 7.34  7.9 ± 0.66  2.3 ± 0.27  8,710.0±3,707.40 

Fresh pine and spruce wood shavings (FP)  17.6 ± 13.24  6.6 ± 2.35  0.3 ± 0.09  1,264.4±626.69  

Soiled pine and spruce wood shavings (SP)  39.6 ± 9.18  8.4 ± 0.44  1.8 ± 0.35  8,290.3±2,697.75 

Ammonia-reductant treated pine and 

spruce wood shavings (TSP) 

 
31.4 ± 3.90  2.8 ± 1.34  2.3 ± 0.21 

 
11,178.3±4,948.94 

No substrate (NS) (excreta collected once)  40.3  5.4  5.1  4,732.3 
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4.3.5 Protocol  1118 

Door weights and resources were changed every day for 18 days according to a systematically 1119 
varied schedule that allowed each pen of birds to experience each combination of door weight and 1120 
resource. When removing the previous day’s resources, SP and TSP litters were stored while FP 1121 
was discarded and the rubber mats from NS were cleaned. Birds started each trial day from the H 1122 
compartment, and T and H compartments switched sides every day to prevent side bias.  1123 

At the end of every week, we weighed the hens and updated the 20% and 40% door weights the 1124 
following experimental day. During weighing, we scored the hens’ feet to monitor for FPD using 1125 
the scoring system provided by the 2009 Welfare Quality® Consortium [36]. 1126 

The cameras (Samsung SNO-5084R, Samsung Techwin Co., Gyeonggido, Korea) placed above 1127 
each pen recorded daily from 12:30 - 22:00 and 06:00 - 09:30. To collect data on the amount of 1128 
time turkeys’ spent in T and the number of times they visited T, instantaneous scan sampling of 1129 
their individual positions in each pen was performed at 30-min intervals for ~14 hours (or 28 time 1130 
points) a day. 1131 

4.3.6 Statistical Analysis 1132 

Data were analysed in SAS Studio (SAS Inst. Inc., Cary, NC). To determine the turkeys’ 1133 
motivation to access the five resources (feed, FP, SP, TSP, or NS), we examined the proportion of 1134 
birds that pushed the maximum offered door weight (40%) for each resource in T. We then 1135 
analyzed this data using a non-parametric Chi-Squared goodness of fit test that determined whether 1136 
the observed proportions differed from the expected proportions for the five resources.  1137 

Generalized linear mixed models (GLIMMIX) were used to determine the effect of resource (feed, 1138 
FP, SP, TSP, NS), door weight (0%, 20%, 40%), and their interaction on the odds of entering T 1139 
and the percentage of time birds spent in T. Both pen (the experimental unit) and bird (sampling 1140 
unit) were considered as random effects of the study. As only a small proportion of the birds 1141 
entered the T more than once, we created a categorical variable for entering T (bird entered T: 0 1142 
times, 1 time, or >1 time). A multinomial distribution was used to analyze the number of times a 1143 
bird entered T, and odds ratios and 95% CI are presented. The time spent in T was calculated for 1144 
each hen based on the number of time points an individual was present in T out of a total observed 1145 
time points. An arcsine transformation was used to meet the assumptions of normally distributed 1146 
residuals and homogeneity of variance, which were examined graphically with QQ plots. Results 1147 
are presented as backtransformed LS means ± SEM. Statistical significance was considered at P < 1148 
0.05 and tendencies are reported at 0.05 ≤ P ≤ 0.1. 1149 

4.4 Results 1150 

All turkeys began the experiment without footpad dermatitis. However, by the last week, 54.17% 1151 
of them showed signs. 1152 

 1153 
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4.4.1 Proportion of birds that pushed the maximum offered door weight (40%) to access 1154 
each resource 1155 

All birds pushed the maximum offered door weight (40%) for feed; however, not all birds pushed 1156 
40% to access the substrate treatments. Moreover, birds sometimes chose not to enter a substrate 1157 
treatment at all (Table 4.2).  1158 

A chi-square test assessing the number of birds that pushed the maximum offered door weight 1159 
(40%) to access each resource found that observed proportions differed from the expected 1160 
proportions if all resources had equal value (Χ2 = 24.73, df = 4, P < 0.001). Specifically, it found 1161 
that a larger proportion of turkeys than expected pushed the maximum offered door weight (40%) 1162 
to access feed. This result is illustrated in Figure 4.3 as a positive deviation from the expected 1163 
value (0.0 line), whereas a negative deviation indicates that a smaller proportion of birds than 1164 
expected pushed 40% to access FP, TSP, NS and SP. However, the number of turkeys that pushed 1165 
the maximum offered door weight was close to expected for NS and SP. 1166 

Table 4.2: The maximum door weight that each bird was willing to push to access a resource. The number (ntotal=24) 1167 
and proportion (row percent) of birds that never entered a resource, or pushed a maximum door weight of 0%, 20%, 1168 
or 40% to enter a resource (feed, soiled pine and spruce wood shavings (SP), fresh pine and spruce wood shavings 1169 
(FP), ammonia reductant treated soiled pine and spruce wood shavings (TSP) and no substrate (NS)) is shown. Note 1170 
that this table does not show the number of birds that pushed each door weight (shown in Table 4.3), but the number 1171 
of birds that pushed 0%, 20% or 40% as the maximum weight to enter each resource. 1172 

  Maximum door weight pushed 

  Did not enter  0%  20%  40% 

Resource  n  %  n  %  n  %  n  % 

Feed  0   0.00  0  0.00  0  0.00  24  100.00 

SP  9  37.50  0  0.00  5  20.83  10  41.67 

FP  9  37.50  4  16.67  7   29.17  4  16.67 

TSP  12  50.00  2  8.33  5  20.83  5  20.83 

NS  8   33.33  0  0.00  7  29.17  9  37.50 

 1173 
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 1174 

Figure 4.3: The relative deviation from the expected proportion of turkeys (n=24; expected proportion indicated by 1175 
the vertical line at 0.0) that pushed the maximum door weight (40%) to access each resource. If all the dots were on 1176 
the line at 0.0, this would indicate that an equal proportion of birds pushed a maximum door weight of 40% to access 1177 
all resources, implying that they ascribed equal value to all resources. A positive deviation indicates that a higher 1178 
proportion of turkeys than expected pushed 40%, while a negative deviation indicates that a lower proportion of 1179 
turkeys pushed the 40% than expected. 1180 

4.4.2 The effect of increasing cost on visits to and time spent in the treatment compartment 1181 

4.4.2.1 Odds of visiting the treatment compartment 1182 

Throughout the experiment, the turkeys chose not to enter the treatment compartment 60.83% of 1183 
the time. When they did, they usually entered only once (27.50%). In total, the turkeys visited the 1184 
T compartment 88 times to access the feed treatment, while they only visited each substrate 1185 
approximately 29 times (data not shown). An overview of the number of turkeys that did not visit 1186 
a resource, visited once or visited more than once is shown in Table 4.3.   1187 

Whether or not turkeys chose to enter the treatment compartment was not affected by the 1188 
interaction between door weight and resource (F8,321= 1.28, P=0.2517) or the door weight alone 1189 
(F2,321= 0.95, P=0.3871). However, the resource present in T had a significant effect on the odds 1190 
of entering T (F4,321= 14.58, P<0.0001). Specifically, the turkeys were more likely to enter T in 1191 
the presence of feed compared to the substrate treatments, while they were equally likely to enter 1192 
the different substrate treatments (Figure 4.4). 1193 
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Table 4.3: The number of turkeys that did not visit a resource, visited once or visited more than once for each resource 1194 
(feed, soiled pine and spruce wood shavings (SP), fresh pine and spruce wood shavings (FP), ammonia reductant 1195 
treated soiled pine and spruce wood shavings (TSP) and no substrate (NS)) and door weight (0%, 20% or 40% of the 1196 
birds’ bodyweight) combination. 1197 

Resource  Door weight 

 No visit  1 visit  >1 visit 

 n  %  n  %  n  % 

FP  0%  12 
 

50.00 
 

8 
 

33.33 
 

4 
 

16.67 

 20%  13  54.17  10  41.67  1  4.17 

 40%  17  70.83  6  25.00  1  4.17 

SP  0%  12  50.00  9  37.50  3  12.50 

 20%  8  33.33  14  58.33  2  8.33 

 40%  9  37.50  11  45.83  4  16.67 

NS  0%  15  62.50  8  33.33  1  4.17 

 20%  14  58.33  4  16.67  6  25.00 

 40%  10  41.67  14  58.33  0  0.00 

Feed  0%  0  0.00  15  62.50  9  37.50 

 20%  4  16.67  12  50.00  8  33.33 

 40%  0  0.00  16  66.67  8  33.33 

TSP  0%  17  70.83  3  12.50  4  16.67 

 20%  11  45.83  12  50.00  1  4.17 

 40%  13  54.17  7  29.17  4  16.67 
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 1198 

Figure 4.4: The odds of the turkeys entering the treatment compartment in the presence of one resource (feed, soiled 1199 
pine and spruce wood shavings (SP), fresh pine and spruce wood shavings (FP), ammonia reductant treated soiled 1200 
pine and spruce wood shavings (TSP) and no substrate (NS)) over another. Odds ratios are represented by a solid dot 1201 
and flanked by a 95% CI. Significant odds ratio comparisons (green dots) have a CI that does not overlap 1, while 1202 
non-significant comparisons (red dots) have a CI that overlaps 1. 1203 

4.4.2.2 Time spent in the treatment compartment 1204 

There was a significant interaction between resource and door weight (F8,321= 2.45, P=0.0137, 1205 
Figure 4.5) largely because of the difference between time spent in the feed treatment compared 1206 
to FP, TSP and NS. Hens spent significantly more time in T with the feed treatment at 0% door 1207 
weight compared to TSP at 0% (t321= 5.22, P<0.0001), NS at 0% (t321= 4.33, P=0.0018) or NS at 1208 
20% (t321= 4.95, P=0.0001). Additionally, the hens spent more time with the feed treatment at 0% 1209 
compared to FP at 0% (t321= 3.48, P=0.0414), 20% (t321= 3.63, P=0.0254) and 40% (t321= 4.87, 1210 
P=0.0002).  1211 

Moreover, because door weight did not affect time spent in T (F2,321= 0.03, P=0.9694), the 1212 
interaction between door weight and resource is heavily influenced by resource, which 1213 
significantly affected time spent in T (F4,322= 7.74, P<0.0001). Turkeys spent over 60% of their 1214 
time in the feed treatment, which was more than the 20-25% of time they spent on on FP (t323= 1215 
4.26, P=0.0003), TSP (t322= 4.02, P=0.0007) or NS (t321= 4.65, P<0.0001). However, they spent a 1216 
similar amount of time on SP (t322= -1.91, P= 0.3145) (Figure 4.6). There was no difference in the 1217 
amount of time turkeys spent on any of the substrate treatments. 1218 
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 1219 

Figure 4.5: The interaction of door weight (0%, 20% or 40% of turkeys’ body weight) and resource (feed, soiled pine 1220 
and spruce wood shavings (SP), fresh pine and spruce wood shavings (FP), ammonia reductant treated soiled pine and 1221 
spruce wood shavings (TSP) or no substrate (NS)) on the mean time spent (%) in the treatment compartment (T) for 1222 
14 hours per day. Bars with different letters display significant differences (P< 0.05). 1223 

 1224 

Figure 4.6: Effect of resource (feed, soiled pine and spruce wood shavings (SP), fresh pine and spruce wood shavings 1225 
(FP), ammonia reductant treated soiled pine and spruce wood shavings (TSP), no substrate (NS)) on the mean time 1226 
spent (%) in the treatment compartment (T) for 14 hours per day. Bars with different letters display significant 1227 
differences (P< 0.05). 1228 
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4.5 Discussion 1229 

This study used a two-compartment choice test to determine turkeys’ motivational strength for 1230 
four different substrate treatments (SP, FP, TSP, NS) based on their responses to increased access 1231 
costs (push-doors weighing an additional 0%, 20%, or 40% of the turkeys’ body weight). The 1232 
turkeys’ motivation to access the substrate treatments was then compared to their motivation to 1233 
access feed, the gold standard of comparison in motivation tests [27]. Motivation was assessed 1234 
based on the proportion of birds that pushed the maximum offered weight (40%) to access each 1235 
resource. This was used as a proxy for maximum price paid: a method that infers the value of a 1236 
resource based on how much work an animal will expend to gain access to it [34]. We predicted 1237 
that the turkeys would differentiate between the substrates in a rank order from most to least 1238 
preferred: FP, TSP, SP, NS. We also hypothesized that increasing the cost to access the resources 1239 
would reduce the number of turkeys’ visits to the treatment compartment (T) but would increase 1240 
the time spent in T [34]. Our findings indicate that all the turkeys pushed the maximum offered 1241 
weight (40%) for feed and that the proportion of birds that pushed 40% to access the substrate 1242 
treatments was less than expected. The turkeys visited and spent more time in the treatment 1243 
compartment when feed was present compared to the substrate treatments, except SP, which they 1244 
spent a similar amount of time on compared to feed. Furthermore, they visited and spent the same 1245 
amount of time in all the substrate treatments. 1246 

All turkeys pushed the maximum offered weight (40%) to access feed. This result follows our 1247 
predictions, and reinforces the high value of feed due to its physiological necessity [33]. Moreover, 1248 
a smaller proportion of turkeys than expected pushed 40% to access FP, SP, TSP and NS, although 1249 
this proportion was near to the expected value to access SP and NS. Hence, these findings agree 1250 
with studies performed with laying hens [26, 37] and broiler chickens [38] that found that 1251 
Galliformes worked harder for feed than floor substrates. Additionally, selection for more muscle 1252 
and faster growth rate [9] may mean that, similar to broilers [39], turkeys could have disrupted 1253 
satiety mechanisms. In other words, turkeys may have a genetically increased motivation to eat 1254 
[40], increasing their desire to access the feed treatment and to prioritize eating over other 1255 
behaviours. 1256 

Also similar to broilers, it’s possible that selection for greater size and growth rate has limited 1257 
turkeys’ physical abilities [9]. In particular, selection for larger breast muscle size may shift their 1258 
centre of gravity in a similar fashion to Corr et al.’s [41] findings with broilers. This shift in centre 1259 
of gravity could make rewarding behaviours such as foraging [42, 43] and dustbathing [30, 44] 1260 
tiring or uncomfortable [9], which may be why a smaller proportion of birds pushed 40% to access 1261 
substrates compared to feed. Furthermore, selection for more breast muscle can also lead to gait 1262 
abnormalities, and place additional strain on the femur and tibiae, which may also deter turkeys 1263 
from exploring and moving into the different substrate treatments [9, 45]. Although gait was not 1264 
scored in this experiment, over half the turkeys showed signs of footpad dermatitis by the end of 1265 
the experiment. While the prevalence of footpad dermatitis was less in this experiment than on 1266 
some farms [14, 15], it could have reduced their motivation to move into T for anything aside from 1267 
a necessity (feed).  1268 

While less turkeys pushed the maximum door weight than expected for most substrate 1269 
treatments, they pushed for SP and NS close to the expected value if all substrates were equal. 1270 
Therefore, it’s possible that SP may be a more appealing substrate to perform rewarding behaviours 1271 
— like dustbathing and foraging — in compared to the other options. Since resources were 1272 
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changed daily, SP was less caked compared to H litter, and was less acidic and smelled more 1273 
familiar compared to TSP [19]. Moreover, Moesta et al. [46] reported that, compared to fresh wood 1274 
shavings (like FP), used wood shavings tended to have a smaller particle size and were found to 1275 
be more stimulating and adequate for dustbathing in laying hens. Like dustbathing [30, 44], 1276 
chickens are also motivated to forage [42, 43]. In particular, chickens prefer to forage in nutritive 1277 
substrates [47] and, since cecal excreta contains vitamins, minerals and protein [48] they may find 1278 
soiled substrates appealing to forage in. This could explain why chickens have been shown to 1279 
forage in [49] and consume [50, 51] excreta. Therefore, SP may have been a more satisfying 1280 
substrate to both dustbathe and forage in compared to FP; however, this should be tested in a 1281 
hypothesis-driven experiment. 1282 

Unlike other experiments that report birds preferring substrate over no substrate [25, 52, 53], 1283 
this study found no difference in the way turkeys responded to substrate vs no substrate. Unlike 1284 
these other studies that examine chickens’ preferences for substrate compared to wire floors, this 1285 
experiment used rubber mats for the no substrate treatment. To the authors’ knowledge, no 1286 
experiments have examined turkeys’ preference for no substrate using non-wire floors. However, 1287 
Farghly et al. [24] compared turkeys grown on litter to those grown on wire floors or rubber mats 1288 
(among other floor types). While they did not perform preference tests, they found physiological 1289 
differences in turkeys reared on wire floor compared to rubber mats, suggesting that rubber mats 1290 
could be more comfortable. Therefore, given that NS was not significantly different from the other 1291 
substrate treatments, other preference tests that compare Galliformes’ preferences for litter 1292 
compared to wire floor [25, 52, 53] may not demonstrate the value of litter so much as the 1293 
aversiveness of wire floor. Moreover, the Farghly et al. [24] found that birds reared on rubber mats 1294 
had a nonsignificant but lower average body temperature compared to litter and wire floors. While 1295 
our experiment found no significant effect of temperature on time spent, this could be due to the 1296 
limited range of temperatures (22-28°C). However, it should also be noted that the birds always 1297 
had access to substrate in H. Therefore, we may have found that substrate had higher value if birds 1298 
had to push to access substrate from an H compartment with no substrate. 1299 

In general, the turkeys preferred to stay in H regardless of door weight, and rarely moved into 1300 
T more than once other than for the feed treatment. They were more likely to enter T in the presence 1301 
of feed compared to any other treatment and subsequently spent more time in T with the feed 1302 
treatment compared to FP, TSP and NS. Only with SP did turkeys spend the same amount of time 1303 
as with feed. The turkeys’ low frequency of entering the substrates may have been affected by the 1304 
presence of footpad dermatitis, which is a painful tissue injury [8]. Yet, they visited the feed 1305 
compartment much more than any substrate treatment. Moreover, the turkeys spent about 60% of 1306 
their time in the feed treatment, spending the other 40% of their time in H. Since the turkeys visited 1307 
the feed treatment more often, and do not appear to stay very long, it appears that they did not 1308 
avoid pushing the door. Therefore, rather than exhibiting an aversion to moving, the turkeys may 1309 
have simply preferred the more familiar home compartment and visited the feed treatment when 1310 
they were hungry. In addition, relatively large standard errors were reported for the time spent in 1311 
the treatment compartment. This may be explained by individual variation, with some turkeys 1312 
being more exploratory, or simply seeking to obtain extra space or distance from conspecifics. 1313 

The finding that turkeys do not have a preference for any of the substrate treatments suggests 1314 
that turkeys may be incapable of assessing the long-term consequences of contact with soiled litter 1315 
[9, 17, 54, 55]. This experiment yielded similar results to previous studies done with broilers [38] 1316 
and laying hens [56]. However, preference tests must be meticulously designed to ensure that 1317 
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animals’ responses correspond to the experimenter’s question. The operand (pushing a door) used 1318 
in this experiment has been validated and used with other galliformes [30, 31, 57, 58]. However, 1319 
the push-doors may have been challenging for the turkeys to use due to their large breast muscles 1320 
and the fact that our push-doors were originally designed for laying hens, which may have made 1321 
pushing the doors awkward independent of door weight. Were this the case, it might explain why 1322 
door weight did not significantly affect time spent or number of visits to T. This experiment may 1323 
also have been limited by the environment, as the experiment room was not as well ventilated as 1324 
in Monckton et al. [38]; therefore, the turkeys may have had more difficulty distinguishing between 1325 
the less ammoniated substrate treatments (FP, TSP, NS). This may in turn have reduced the reward 1326 
value of these treatments, complicating the task of pinpointing what exactly birds are motivated to 1327 
access. Additionally, this preference test used groups of animals, which makes observing 1328 
individual preference more difficult, since Galliformes often make decisions as a group [59]. 1329 
However, de Jong et al. [53] found that laying hens housed in isolation had greater difficulty 1330 
learning a push-door task, so housing our turkeys in groups may have facilitated learning, in 1331 
addition to being more natural. Moreover, since turkeys are not commonly reared in isolation, our 1332 
choice to house them in groups could more accurately predict the choices they would make on-1333 
farm. Yet, human perspective also limits this experiment, as we limited the choices that the turkeys 1334 
could or could not be motivated to access. Moreover, our human perspective limits our 1335 
interpretation of results, since humans instinctively view a soiled environment as undesirable, and 1336 
cannot fully understand turkeys’ motivations. The individuality and personalities of each animal 1337 
may also cause their motivation to vary as a result of different internal and external factors and as 1338 
birds respond to challenges and a barren environment [60]. Whatever the true reason for the 1339 
turkeys’ decisions in this experiment, we recommend that turkeys’ caretakers monitor and manage 1340 
their environments with or without substrate as they seem to not avoid potentially unhealthy 1341 
environments. 1342 

 1343 

4.6 Conclusions 1344 

This is the first published study to assess the preference of turkeys for the presence of floor 1345 
substrate and degree of its soiling. Turkeys preferred feed over all substrate treatments. More 1346 
turkeys pushed the maximum door weight to access feed, followed by SP, NS, FP and TSP, 1347 
suggesting that turkeys did not value all resources equally. They also spent more time in the 1348 
treatment compartment when feed was present, although they spent the same amount of time when 1349 
SP was present. However, the turkeys’ response to all of the substrate treatments was the same for 1350 
time spent and odds of visiting the treatment compartment. This suggests turkeys do not exhibit a 1351 
preference for management practices aimed at avoiding soiling of litter, reducing ammonia 1352 
concentrations or providing fresh bedding. Furthermore, these findings emphasize the 1353 
responsibility of animal owners and/or farmers to diligently manage litter conditions for the birds’ 1354 
health, as birds will not avoid soiled or potentially harmful litter. However, further work is required 1355 
to establish turkeys’ preferences for litter management practices under commercial conditions and 1356 
to investigate the long-term effects of these practices on birds’ health and welfare. 1357 
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5 Broiler chicks’ motivation for different wood beddings and 1499 

amounts of soiling2 1500 

5.1 Abstract 1501 

In the wild, excreta soiled surroundings can attract predators and spread disease. Yet, farmers rear 1502 
broiler chicks in large barns with stocking densities that prevent excreta segregation. To measure 1503 
chicks’ motivation to access unsoiled bedding or soiled litter (collectively, substrates) we used 40 1504 
16-day-old broiler chicks who were divided into six two-compartment pens. The ‘home’ 1505 
compartment (H) contained soiled wood shavings, while the ‘treatment’ compartment (T) 1506 
contained either aspen wood shavings, pine and spruce wood shavings, soiled pine and spruce 1507 
wood shavings, ammonia reductant treated soiled pine and spruce wood shavings, or a feed 1508 
treatment as a gold standard. The barrier separating the compartments had two one-way push-1509 
doors that chicks pushed to access a resource. The chicks’ motivation was measured by the average 1510 
maximum weight pushed to access each resource. The door leading to T weighed 0% (raised), 1511 
10%, 20%, or 30% of the chicks’ body weight, and chicks could return to H via a raised (for 0%) 1512 
or unweighted door. Our findings indicate that chicks worked hardest for feed, but paid a lower, 1513 
equal price to access all substrates. With increasing door weight, chicks visited less and spent less 1514 
time with the substrates. Therefore, as chicks themselves do not avoid litter that could have 1515 
potential negative effects on their well-being, it is important that farmers diligently monitor litter 1516 
conditions as their primary caretakers. 1517 

5.2 Introduction 1518 

Many animals, including insects, mammals, and birds, defecate and urinate away from resting and 1519 
nesting sites [1-4]. Doing so not only reduces the risk of disease [1-3], but also prevents drawing 1520 
in predators [5]. As a result, many animals choose to forage away from excreta or feces [6], while 1521 
some species of birds go so far as to produce fecal sacs that their parents can remove from the nest 1522 
[4].  1523 

Given the evolutionary importance of excreta segregation, logic would dictate that domestic birds, 1524 
such as chickens bred for meat production (broilers), would prefer to avoid soiled environments. 1525 
Commercial broilers are kept in a single open space with thousands of birds, which can lead excreta 1526 
to rapidly accrue on bedding during the chicks’ ~42 day lives. This stocking density limits birds’ 1527 
ability to separate space into clean and excreta soiled areas [7, 8]. Standard recommendations for 1528 
litter (accumulated bedding, feathers, excreta, and waste feed) do not go beyond requiring that 1529 
litter not be toxic to birds and that it be maintained at an adequate moisture level [7, 8]. Therefore, 1530 
animals that are motivated but unable to move away from excreta soiled areas may feel frustrated 1531 
[2]. Additionally, soiled litter may inhibit effective preening and dustbathing to clean feathers, 1532 
which may also lead to frustration [9]. 1533 

 

2 A version of this chapter was published in Animals with the following authors: Monckton, V., N. v. 
Staaveren, A. Harlander-Matauschek. https://doi.org/10.3390/ani10061039. 
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Besides the possible frustrations of being unable to escape a soiled environment and developing 1534 
unclean integument [10], inadequately managed soiled litter may lead to health concerns. For 1535 
instance, moist litter increases the risk of contact dermatitis [11-13] and increases ammonia 1536 
production from litter [14, 15] that can cause respiratory and eye disease [16]. However, wood-1537 
based bedding material alone can cause adverse health effects, including respiratory disease [17-1538 
19]  and dermatitis [20, 21] in humans. As well, rodent studies have shown that wood-based 1539 
beddings from softwoods (e.g., pine and spruce) are strongly cytotoxic, while hardwoods (e.g., 1540 
aspen) tend to be much less cytotoxic [22] but not as inert as non-wood beddings like corn-cob 1541 
[23]. 1542 

Yet, while poultry prefer less ammoniated environments [24, 25], they have also been reported to 1543 
forage in [26] and consume excreta [27] in the absence of other foraging substrates. Although 1544 
excreta is not a preferred foraging substrate, chickens kept on bedding will consume 5–24% of 1545 
excreta produced by their group in a behavior known as social homocoprophagy [28]. One of the 1546 
possible functions of social homocoprophagy may be to use the vitamins, fats, and proteins 1547 
contained in cecal excreta. Therefore, this inclination may indicate that, despite increased ammonia 1548 
concentrations in soiled environments, domestic chickens may be indifferent to soiling. 1549 
Theoretically then, ammonia reductants could assess birds’ relative preference for soiled litter with 1550 
reduced ammonia. However, these chemical ammonia reductants act by acidifying litter, and may, 1551 
therefore, be aversive themselves [29]. 1552 

Preference tests offer animals the opportunity to show their relative preferences for a set number 1553 
of choices ranging from different floor types [30] to colors of light [31]. However, preference tests 1554 
do not show strength of motivation. To solve this, consumer-demand motivation tests present 1555 
animals with increasingly challenging obstacles that they must overcome to access a resource; for 1556 
example, pecking a key [32], overcoming a barrier [33], or pushing a weighted door [34]. Hence, 1557 
our experiment aimed to assess broiler chicks’ motivation to access four different substrates (fresh 1558 
pine and spruce wood shavings, fresh aspen wood shavings, soiled pine and spruce wood shavings, 1559 
and soiled pine and spruce wood shavings treated with an ammonia reductant) compared to their 1560 
motivation to access feed using weighed push-doors. Furthermore, we used the average maximum 1561 
weight pushed—or maximum price paid—as a measure of motivation [35, 36]. This method 1562 
measures the value of a resource to an animal by evaluating how much work the animal will do to 1563 
access said resource [37]. The maximum price paid for the substrates was then compared to broiler 1564 
chicks’ motivation to access feed, the gold standard of comparison [32]. Additionally, the chicks’ 1565 
ability to leave the treatment substrate without paying a cost meant that the reward size (length of 1566 
visits) was under the chicks’ control. Therefore, we also recorded the time spent and the number 1567 
of visits to each treatment with varying price. This knowledge would help increase our 1568 
understanding of what litter conditions chickens prefer and ultimately can help inform farming 1569 
practices. 1570 

Due to the differences in human adverse reactions and cytotoxicity in rodents, we predicted that 1571 
the chicks would show greater motivation to access fresh aspen over fresh pine and spruce 1572 
shavings. We also predicted that the chicks would be less motivated to access soiled shavings 1573 
compared to substrates with reduced ammonia. Thus, we predicted that the chicks would 1574 
differentiate between the substrates in the following rank order, from most to least preferred: fresh 1575 
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aspen wood shavings, ammonia reductant treated soiled wood shavings, fresh pine and spruce 1576 
wood shavings, and soiled wood shavings. 1577 

5.3 Materials and Methods 1578 

5.3.1 Ethical approval 1579 

The University of Guelph Animal Care Committee (Animal Utilization Protocol Number 4105) 1580 
approved this study before testing. Additionally, we followed the ARRIVE guidelines in the 1581 
planning and conducting of this experiment [38]. 1582 

5.3.2 Housing, feeding and management 1583 

We raised 40 Ross 708 female broiler chicks in two 116 × 116 cm floor pens with 20 chicks/pen 1584 
until they reached 2 weeks of age. For the first 2 weeks of life, the chicks were placed on a mixture 1585 
of Pestell™ pine and spruce and Grreat Choice® aspen wood shavings that were allowed to build 1586 
up with excreta. Each pen was provided with a heat lamp, heat mat, and brooder (darkened) area. 1587 
Chicks were provided with ad libitum feed and water, and with natural light through windows. The 1588 
temperature was monitored and maintained according to the Ross 708 management guidelines 1589 
[39], and the chicks were provided with commercial feed throughout the experiment. 1590 

When the chicks were 16 days old, we divided the birds of each of the two floors pens across a 1591 
final six floor pens into groups of six to seven birds per pen. Birds that were kept within one pen 1592 
during the first 2 weeks of life were kept together (i.e., no mixing of birds between the two original 1593 
floor pens). These 116 × 116 cm floor pens contained heat mats and heat lamps until the chicks 1594 
reached approximately 4 weeks old. We differentiated individual birds in each pen using colored 1595 
backpacks made of colored tape, hair elastics, and soft foam (Figure 5.1). We checked the 1596 
backpacks’ fit every three days. Within a week of the experiment’s conclusion, all 39 birds were 1597 
adopted by sanctuaries and homes. 1598 

 1599 

Figure 5.1: Image of broiler chick floor pens with heat lamps on. Each pen contained an H (bottom) and T (top) 1600 
compartment separated by a wooden barrier with two unidirectional polycarbonate push doors. H and T alternated 1601 
sides daily. The unidirectional push doors are lowered in this image. Weights could be added to the doors, which was 1602 
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only done for the door leading to the T compartment. Water and feed were available in both compartments except 1603 
during the feed treatment. 1604 

5.3.3 Substrates 1605 

At 9 and 10 days old, the chicks were habituated to the substrates: fresh pine and spruce wood 1606 
shavings (FP), fresh aspen wood shavings (FA), soiled pine and spruce wood shavings taken from 1607 
other broiler chick pens (SP), and soiled pine and spruce wood shavings treated with an ammonia 1608 
reductant (37 kg/100 m2 of PLT®—Poultry Litter Treatment, Jones-Hamilton Co., United States 1609 
of America) (TSP). The soiled substrates (SP and TSP) were soiled shavings obtained from other 1610 
broilers (2 weeks of age) kept under standard conditions at the research facility. The SP litter 1611 
functioned as a negative control. All four litters were placed in the corners of chicks’ pens to 1612 
habituate the chicks and during this time the litters could be freely explored for 24 h. 1613 

At 16 days, birds were moved to one of the six experimental pens that comprised two 1614 
compartments that alternated sides daily and had ad libitum access to feed and water. The home 1615 
compartment (H) contained litter from the original two rearing pens (first 2 weeks of life) at a litter 1616 
depth of 4 cm (Figure 5.2a). The treatment compartment (T) contained one of the four 1617 
aforementioned litter types. Litter depth in T was kept the same as in H, namely 4 cm. In addition 1618 
to these four substrates, we included a feed treatment as a gold standard (positive control) [32]. In 1619 
this treatment, soiled shavings were provided in T and H and the feeder in H was removed—1620 
forcing the chicks to move to T to access feed. This treatment was the only time that feed was not 1621 
accessible in H (Figure 5.2b).  1622 

Litter samples (500 g) were collected at the start and the end of the experiment (home litter, SP), 1623 
at the beginning and end of the projected chemical saturation point (7 days) for TSP, and once for 1624 
the fresh shavings as these were renewed daily (FP, FA). All samples were delivered to SGS labs 1625 
(Guelph, Canada) to determine average moisture content (%), pH, and nitrogen concentration (%) 1626 
(Table 5.1). 1627 

 1628 

Figure 5.2: Experimental setup of broiler chick floor pens. Each pen contained two compartments (H and T) separated 1629 
by a barrier with two unidirectional push doors that could be loaded to 10%, 20%, or 30% of the pen’s median chick 1630 
body weight. T and H alternated between Side B or Side A to avoid side bias. (a) Pen setup when testing substrates 1631 
(soiled pine and spruce shavings, soiled pine and spruce shavings treated with an ammonia reductant, fresh pine and 1632 
spruce shavings, and fresh aspen shavings). (b) Pen setup when testing feed treatment. 1633 
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Table 5.1: The average moisture content (%), pH, and nitrogen (%) concentration of litter samples taken from the 1634 
home compartment, as well as the four treatment litters. Home litter and soiled shavings were sampled at the start and 1635 
end of the experiment, while ammonia reductant shavings were sampled at the beginning and end of the projected 1636 
chemical saturation point (7 days). As fresh pine and spruce and fresh aspen litters were renewed each day only one 1637 
sample was taken from these litters. 1638 

Litter Type  
Average 

Moisture (%) 
 Average pH  

Average 

Nitrogen (%) 

Home compartment litter   29.4 ± 19.93  6.4 ± 0.16  1.7 ± 0.29 

Soiled pine and spruce wood shavings (SP)  29.9 ± 16.67  7.3 ± 0.23  1.7 ± 0.04 

SP treated with an ammonia reductant (TSP)  20.0 ± 1.94  4.9 ± 2.08  1.8 ± 0.32 

Fresh pine and spruce wood shavings (FP)  18.61  9.33  0.25 

Fresh aspen wood shavings (FA)  5.57  5.26  0.34 

5.3.4 Push-door setup 1639 

The T and H compartments of each pen were separated by a wooden barrier that contained two 1640 
one-way polycarbonate push-doors. Lifting the doors to keep them open (0%) allowed the chicks 1641 
to show their preference for resources without a challenge. To measure their motivation to access 1642 
a treatment, we determined the median weight of the chicks in each pen and weighted the door to 1643 
access T to 10%, 20%, and 30% of the chicks’ bodyweight—therefore presenting a challenging 1644 
obstacle on a systematically varied schedule (Figure 5.3a). Once they moved into T, the chicks 1645 
could return to H through another one-way door that was lifted (at 0% door weight) or unweighted 1646 
(at 10%, 20%, and 30% door weights). Birds were habituated to this set-up for 7 days until 1647 
experimental testing started at 22 days of age. 1648 

The maximum amount of weight that the chicks felt occurred when the doors were at a 45° angle 1649 
and amounted to ~50% of the actual weight of the door. This difference in calculation means that 1650 
the same absolute door weight in this study could be used to represent a larger percent of body 1651 
weight in another study. However, in performing this calculation, we believe our study more 1652 
accurately reflects the degree of challenge imposed upon the chicks by more accurately 1653 
representing the percentage of body weight that they pushed (Figure 5.3b). 1654 
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 1655 

Figure 5.3: (a) Barrier layout with push doors viewed from chicks’ eye level. Each barrier contained two one-way 1656 
push doors. Weights are shown as black bars that mount just above where the chicks’ heads would be when pushing 1657 
the door. (b) The door rests on the chick’s shoulders as she pushes through the door. The maximum amount of weight 1658 
the chick would feel would be when the door is at a 45° angle. 1659 

5.3.5 Protocol 1660 

The birds were tested with each door weight and litter treatment combination according to a 1661 
systematically varied schedule every day for 24 days, starting when chicks were 22 days old. 1662 
Resources and door weights were changed every day. As such, each group of birds received all 1663 
possible treatments of combined door weights and resources. When removing the previous day’s 1664 
resources, SP and TSP litters were stored while fresh beddings (FP and FA) were discarded. When 1665 
placing the new resource, T and H compartments were switched to prevent side bias. 1666 

Birds were individually weighed every third day to adjust the weight of the door to correspond to 1667 
the median weight of the chicks in a pen. Standard health monitoring of the birds occurred on a 1668 
daily basis. Additionally, all birds were assessed for footpad dermatitis at this time according to 1669 
the 2009 Welfare Quality® Consortium [40]. All chicks were restricted to H via barriers until 1670 
shortly before video recording began.  1671 

The cameras (Samsung SNO-5084R, Samsung Techwin Co., Gyeonggido, Korea) placed above 1672 
each pen recorded daily from 12:30 to 22:30 and then from 06:30 to 09:00. To collect data on the 1673 
birds’ time spent in T and the number of times the birds accessed T, we performed instantaneous 1674 
scan sampling of individual birds’ positions in T and H once every half hour for 27 time points a 1675 
day.  1676 

5.3.6 Statistical Analysis 1677 

Data were analyzed using SAS Studio (SAS Inst. Inc., Cary, NC). Each chick’s time spent in T 1678 
was calculated based on the number of time-points an individual was present in T out of a total 1679 
observed time-points, while the number of visits to T was determined by counting the number of 1680 
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entrances to T. Maximum price paid was calculated as the mean maximum door weight pushed by 1681 
all birds to access a resource. The percentage of time chicks spent in T, number of entrances to T, 1682 
and maximum price paid to enter T were analyzed with a Gaussian distribution, and results are 1683 
shown as LS means ± SE. The models were evaluated to ensure they met the assumptions of 1684 
normally distributed residuals and homogeneity of variance, which were graphically inspected 1685 
using QQ plots. Generalized linear mixed models (GLIMMIX) assessed the effect of treatment 1686 
(feed, FP, FA, SP, TSP), door weight (0%, 10%, 20%, and 30%), and their interaction on time 1687 
spent in T, number of entrances to T, and maximum price paid. Statistical significance was 1688 
considered at P < 0.05 and tendencies are reported at 0.05 ≤ P ≤ 0.1.  1689 

5.4 Results 1690 

The chicks began the experiment at 22 days old, weighing an average of 0.62 ± 0.097 kg, and 1691 
ended the experiment at 45 days old, weighing 1.87 ± 0.267 kg. One chick died for unknown 1692 
reasons at 23 days old. Data garnered from when she was alive is included in the analysis. No other 1693 
mortalities or clinical signs of disease were observed. Additionally, none of the chicks showed 1694 
signs of footpad dermatitis during the experiment. 1695 

5.4.1 Motivational index: maximum price paid to enter treatment compartment with 1696 
different resources 1697 

Resource significantly affected maximum price paid (F4,77 = 16.90, p < 0.0001), with chicks 1698 
pushing a higher percentage of body weight on average to access feed (30% ± 0.3%) compared to 1699 
FP (23% ± 1.7%; t40 = 3.65, P = 0.0042), TSP (23% ± 1.5%; t40 = 4.32, P = 0.0004), SP (22% ± 1700 
1.7%; t40 = 4.61, P = 0.0002), and FA (22% ± 1.7% t40 = 4.58, P = 0.0002. On average, chicks 1701 
pushed the same maximum percentage of body weight to access all substrates (Figure 5.4). 1702 

 1703 

 1704 
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Figure 5.4: The average maximum weight pushed (0%, 10%, 20%, or 30% of chicks’ median pen body weight) to 1705 
access resources in the treatment compartment (feed, soiled pine and spruce wood shavings (SP), fresh pine and spruce 1706 
wood shavings (FP), fresh aspen wood shavings (FA), ammonia reductant treated soiled pine and spruce wood 1707 
shavings (TSP)). Bars with different letters display significant differences (P < 0.05). 1708 

5.4.2 The effect of increasing cost on visits to and time spent in the treatment compartment 1709 

5.4.2.1 Number of visits to the treatment compartment 1710 

A significant interaction between door weight and resource was found for the number of visits to 1711 
T (F12,723 = 2.40, P = 0.0048, Figure 5.5). In general, door weight affected the number of times 1712 
chicks entered T (F3,723 = 937.81, P < 0.0001), with chicks entering more often at 0% than 10% 1713 
(t723 = 42.80, P < 0.0001), 20% (t723 = 43.75, P < 0.0001), and 30% (t723 = 43.825, P < 0.0001). 1714 
The resource also affected the number of times chicks entered T (F4,723 = 10.54, P < 0.0001) as 1715 
chicks entered the feed treatment more often than FA (t723 = 4.56, P < 0.0001), FP (t723 = 6.05, P 1716 
< 0.0001), SP (t723 = 4.66, P < 0.0001), and TSP (t723 = 4.36, P = 0.0001). However, no differences 1717 
were observed in the number of visits to the different substrate resources (P > 0.05). 1718 

 1719 

Figure 5.5: Effect of door weight (0%, 10%, 20%, 30%) and resource (feed, soiled pine and spruce wood shavings 1720 
(SP), fresh pine and spruce wood shavings (FP), fresh aspen wood shavings (FA), ammonia reductant treated soiled 1721 
pine and spruce wood shavings (TSP)) on the mean number of visits (±SEM) into the treatment compartment over a 1722 
period of 13.5 h per day. Bars with different letters display significant differences (P < 0.05). 1723 

5.4.2.2 Time spent in the treatment compartment 1724 

There was a significant interaction between resource and door weight (F12,724 = 8.41, P < 0.0001, 1725 
Figure 5.6). The chicks spent equal amounts of time in all five resources when the doors were 1726 
lifted (0% door weight). However, as door weight increased (10%, 20%, and 30%) the chicks spent 1727 
less time in the substrate treatments and more time in T with the feed treatment (Figure 5.6). 1728 
Additionally, the effect of door weight on time spent in T was the same for all substrates (F3,725 = 1729 
18.23, P< 0.0001). 1730 
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 1731 

Figure 5.6: Effect of door weight (0%, 10%, 20%, or 30% of chicks’ body weight) and resource (feed, soiled pine 1732 
and spruce wood shavings (SP), fresh pine and spruce wood shavings (FP), fresh aspen wood shavings (FA), ammonia 1733 
reductant treated soiled pine and spruce wood shavings (TSP)) on the mean time spent (%) in the treatment (T) 1734 
compartment for 13.5 h per day. Bars with different letters display significant differences (P < 0.05).  1735 

5.5 Discussion 1736 

This study used a two-compartment choice test to determine broiler chicks’ motivational strength 1737 
for four different litter substrates (FP, FA, SP, TSP) based on their responses to increased access 1738 
costs (push-doors weighing 0%, 10%, 20%, or 30% of a pen’s median chick body weight). Their 1739 
motivation to access litter was then compared to the chicks’ motivation to access feed, the gold 1740 
standard of comparison in motivation tests [32]. The chicks’ motivation was assessed based on the 1741 
maximum price paid—or maximum weight pushed—to access the different resources. We 1742 
predicted that the chicks would differentiate between the substrates in a rank order from most to 1743 
least preferred: FA, TSP, FP, SP. We also predicted that increasing the cost to access the resources 1744 
would reduce the number of chicks’ visits to the treatment compartment (T) as well as increase the 1745 
time spent in T. Our findings indicate chicks worked hardest for feed and, contrary to our 1746 
expectations, they did not pay a higher maximum price, spend more time on, or visit one substrate 1747 
more than the other. 1748 

As predicted, broiler chicks paid the highest price for feed, showing feed is a physiological 1749 
necessity [35] and that chicks, comparatively, are less motivated to work for bedding and litter 1750 
(collectively referred to as substrates). These results also align with Dawkins [41], who found that 1751 
adult laying hens worked more to access feed over a mix of sawdust and peat moss. The finding 1752 
that broiler chicks are more motivated to access feed over dustbathing or foraging substrates is 1753 
also consistent with food- or dustbathing-deprived laying hens, who more consistently chose feed 1754 
in a Y-maze even when deprived of dustbathing substrates [42]. Like feed-deprived laying hens, 1755 
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broiler chicks’ disrupted satiety mechanisms [43]—and therefore genetically increased motivation 1756 
to eat—makes feed an even stronger motivator [44] and may further drive a motivation to prioritize 1757 
feeding over other behaviors. Moreover, broiler chicks’ excessive weight, accompanied by a 1758 
possible shift in centre of gravity, makes activity tiring [45], which suggests they might require 1759 
more motivation to overcome the push-doors to access a resource. 1760 

Against our predictions, the maximum price paid for the different substrates did not vary, 1761 
indicating that the birds were equally motivated to access all substrates. This may be explained by 1762 
the suitability and attractiveness of the substrates for different activities the bird wished to perform, 1763 
such as foraging and dustbathing [46, 47]. However, this study does not report how chicks spent 1764 
their time on the different substrates and no definite statements can be made based on the current 1765 
study. Nevertheless, young chicks are motivated to perform active behaviors (such as exploration, 1766 
foraging, and dustbathing) and rest on substrates. Thus, it is possible that all the substrates were of 1767 
equal value, being equally stimulating or aversive, or provided equal immediate experience for 1768 
these behaviors. Additionally, we cannot exclude the possibility that chicks simply worked for 1769 
additional space to explore [48]. Similarly, the daily changing of resources (once every 24 h) may 1770 
have made all the substrates conditionally equally rewarding [49]. 1771 

These results also suggest that chicks did not differentiate between different wood shavings (FA 1772 
and FP) or litter treated with an ammonia reductant (TSP). Moreover, the chicks were not willing 1773 
to pay a higher price for unsoiled over soiled substrates, and therefore did not avoid excreta. As 1774 
previously stated, this could simply be the result of the chicks’ inability to identify any difference 1775 
between the substrates. Conversely, since animals do not always work for things that benefit them 1776 
[50], the chicks may have also simply chosen not to work for them. Yet, many factors could 1777 
influence the chicks’ perception of soiled substrates. For example, compared to red jungle fowl, 1778 
commercial chicks have been heavily selected for meat production [51], which may influence their 1779 
behavior to avoid excreta. Additionally, these young birds lack maternal care and guidance, which 1780 
may influence their avoidance of environments similarly to how mother hens influence their 1781 
chicks’ avoidance and preference for foods [52]. However, the potential unsuitability of wood 1782 
shavings for resting, dustbathing [47, 53, 54], and foraging [55, 56] may also have reduced the 1783 
birds’ motivation to access the beddings (FA and FP). Otherwise, the potential aversive aspects of 1784 
some substrates may have been offset by increased suitability for performing rewarding behaviors, 1785 
such that the birds responded equally to all of them. For example, broken-down, degraded soiled 1786 
wood shavings (H litter, SP, and TSP) may be a better dustbathing substrate compared to fresh 1787 
wood shavings (FA and FP). In particular, friable, used wood shavings tend to have a smaller 1788 
particle size, and were found to be more stimulating and adequate for dustbathing in laying hens 1789 
[57]. At the same time, other aspects of soiled wood shavings (like ammonia for H litter and SP, 1790 
or acidity in TSP) may have made these substrates less preferable, counterbalancing the rewarding 1791 
qualities of soiled wood shavings for dustbathing [24, 25]. Similarly, the higher acidity (average 1792 
pH of 4.9 ± 2.08) and reduced atmospheric ammonia levels (which is shown by an increase in 1793 
percent nitrogen in the litter) in TSP litter may have cancelled each other out, rendering TSP no 1794 
more or less appealing than the untreated H or SP litters. Thus, since it is possible that the birds 1795 
found both the unsoiled beddings and soiled litters equally unfit, repeating this experiment with a 1796 
preferred substrate, such as sand [47], may clarify these results. 1797 
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At 0% door weight (lifted doors) chicks visited and spent time in all resources a similar amount. 1798 
Therefore, in the absence of an obstacle, the results for number of visits and time spent suggest 1799 
that the chicks had an equal relative preference for all resources. At this door weight, the chicks 1800 
spent an equal amount of time in H and T as they moved between compartments five to seven 1801 
times per 13.5 h observation period. In this case, the lack of door weight and the absence of footpad 1802 
dermatitis on the chicks’ feet likely permitted more frequent movement between compartments. 1803 
Moreover, the additional space offered by the second compartment (T) could be viewed as an 1804 
enrichment, which may have led to higher activity levels that were beneficial for their health [58]. 1805 

When door weights were applied (10%, 20%, or 30%), the chicks spent more time in H and visited 1806 
T less, but spent more time in feed compared to the substrates. Therefore, as cost (door weight) 1807 
increased, the chicks rescheduled their behavior to visit the feed treatment less and increase the 1808 
duration of each visit. This result is similar to findings in mice and mink [59, 60]. Moreover, the 1809 
chicks’ response to increasing door weight suggests that feed outranks other resources for which 1810 
rescheduling did not increase the duration of visits (time spent). 1811 

Similarly to Cooper and Mason [60], this effect was not observed with all resources, as increasing 1812 
costs led the chicks to spend less time with the substrates. In fact, the chicks only spent about 10–1813 
30% of their time with the substrates when the doors were weighted. This may imply that the 1814 
benefits of accessing the substrates declined rapidly with time once they were obtained. In other 1815 
words, the lower amount of time spent on the substrates may reflect the amount of time needed to 1816 
perform a rewarding behavior on that substrate [60]. Alternatively, if the chicks moved onto the 1817 
substrates in T to obtain extra space or distance from conspecifics, then the number of visits and 1818 
duration of stay in T may be more dependent on individuals. Regardless, this view implies that the 1819 
chicks’ choice to move between compartments was primarily impacted by their motivation. 1820 
However, Bokkers and Koene [44] note that broilers are limited more by their physical abilities 1821 
than motivation, so the chicks’ weight likely also impacted their choices, especially at 10%, 20%, 1822 
and 30% door weights. Although weight is limited to its effect on broilers’ mobility, as the 1823 
systematically varied schedule of the different treatments ensured that door weights and resources 1824 
were not confounded with age or weight of the bird. 1825 

Therefore, the simple familiarity of the home litter compared to the other substrates may have 1826 
influenced their decision to remain in H rather than overcome an obstacle. This is especially 1827 
relevant to young chicks that may lack the foresight to understand how soiled litter may be 1828 
detrimental (e.g., in terms of footpad health) or beneficial (e.g., in terms of possible benefits of 1829 
social homocoprophagy) to their health. Thus, the findings of this research suggest that chickens 1830 
may be incapable of assessing the long-term consequences of contact with soiled litter [11-13, 16], 1831 
or the potential adverse health effects of pine and spruce bedding [17-21]. Additionally, the chicks’ 1832 
early exposure to increasingly soiled shavings during their first 2 weeks of life may have habituated 1833 
them to soiled litter before the experimental habituation period. However, the birds’ equal 1834 
motivation to access the substrates may also be the result of different litter conditions compared to 1835 
normal farm litter conditions. In particular, the increased airflow of the setup combined with 1836 
diligent, daily litter monitoring when changing litter may have limited the severity of moisture and 1837 
ammonia build-up, and thus reduced the aversiveness of H and SP litters. Laboratory analysis of 1838 
the litters in our study revealed a similar average moisture content for H and SP litters of 1839 
approximately 29%, which is below the 30% moisture content found to increase the risk of footpad 1840 
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dermatitis in meat birds [61], a common problem in turkey production. Moreover, maximum 1841 
ammonia production occurs at litter moistures of 37.4–51.1 [14], which are higher than the 1842 
reported average moisture content of H and SP. 1843 

Preference tests themselves must also be rigorously designed to ensure that the animals’ response 1844 
corresponds to the experimenter’s question. While the birds in this experiment were habituated to 1845 
the substrates, and used a validated operand (pushing a door) [34, 62] to access each resource, a 1846 
number of other design factors present limitations to this experiment. It should be kept in mind 1847 
that this set-up only allowed for testing of one experimental substrate compared to the home litter, 1848 
and presenting multiple of these substrates at the same time could have influenced birds’ choices. 1849 
Additionally, the ability of litter to affect air quality around it makes this study a comparison of 1850 
environments, more so than variables, which makes the task of pinpointing what exactly birds are 1851 
motivated to access more difficult [32]. However, considering the open pen design and well-1852 
ventilated environment, this may be less of an issue in our study. Additionally, some preference 1853 
tests opt to test individual animals [63] to more clearly observe individual preference; however, 1854 
we opted to use groups of animals. While chickens moving simply to flock together could affect 1855 
our findings, de Jong et al. [47] found that housing hens in isolation made learning the push-door 1856 
task more difficult. More importantly, chickens are not commonly housed in isolation, so our 1857 
choice to house in groups could more accurately predict chicks’ choices. However, this experiment 1858 
is also limited by human perspective, as the few choices presented to the chicks limited what they 1859 
could or could not be motivated to access. Moreover, interpretation of the chicks’ response to the 1860 
resources is also limited by a human perspective that views a soiled environment as undesirable, 1861 
and does not fully understand chickens’ motivations. Animals also have personalities, which 1862 
means that their motivation to access different options may vary, leading some animals to explore 1863 
or interact more with the operand amidst a relatively bare environment [64]. Therefore, animal 1864 
owners and/or farmers should diligently manage litter conditions, as broiler chicks will not avoid 1865 
soiled or potentially harmful substrates. 1866 

5.6 Conclusions 1867 

This experiment is the first study to assess the preference of broiler chicks for soiled or unsoiled 1868 
substrates. In the experimental conditions provided, broiler chicks did not appear motivated to 1869 
avoid soiled substrates. Instead, they showed an equal relative strength of preference for all the 1870 
substrates. Additionally, chicks did not show a high demand for any of these litters compared to 1871 
their demand for feed. Furthermore, these findings emphasize the duty of animal owners and/or 1872 
farmers to diligently manage litter conditions for the birds’ health, as birds will not avoid soiled or 1873 
potentially harmful litter. However, further work is needed to determine bird preferences for litter 1874 
management practices under commercial conditions and investigate long-term effects of these 1875 
practices on broiler health and welfare. 1876 
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6 Discussion  2030 

This thesis reports the first meta-analysis of Galliformes’ floor substrate preferences. Additionally, 2031 
it presents the first studies to ask turkeys and broiler chickens how much they value fresh vs soiled 2032 
substrates, and it demonstrates the use of push-doors to assess turkeys’ motivation. The results 2033 
presented in Chapters 4 and 5 show that turkeys and broiler chickens both displayed higher 2034 
motivation to access feed compared to the substrate treatments (FP, SP, TSP, NS, and FA). 2035 
Moreover, they showed equal motivation to access all the substrate treatments, suggesting that 2036 
turkeys and chickens place equal value on fresh and soiled wood shavings. 2037 

Given that both studies used different species, these preferences may be similar across the order 2038 
Galliformes. Moreover, these similarities persist despite differences in species, bird age and 2039 
operandum (the push-doors). Unlike the doors described in Chapter 5, which were made 2040 
specifically for broiler chickens, the doors used in Chapter 4 were originally made for laying hens 2041 
and adapted for use with the turkeys. Therefore, it should be noted that the doors used in Chapter 2042 
4 may be less ergonomically suited to the turkeys. In particular, the greater depth and width of 2043 
turkeys’ breast muscles mean that they may have pushed the doors with their breast muscles, 2044 
whereas laying hens would have pushed with their wings or shoulders.  2045 

Additionally, the method of weighing the doors differed between the experiment presented in 2046 
Chapters 4 and 5. In Chapter 4, door weight was measured based on the weight of the tubes 2047 
attached to the doors. However, because broiler chickens grow so quickly, the broiler chick 2048 
experiment presented in Chapter 5 required greater accuracy. Therefore, the weight of the whole 2049 
door with attached weights was measured at a 45-degree angle — the point at which the birds 2050 
would feel most weight pushing back against them. This meant that the broiler chicks felt 2051 
approximately 50% of the total weight placed on the door. Thus, while at first glance, the amount 2052 
of weight applied to the doors appears to be less in the broiler experiment than the turkey 2053 
experiment, this difference is actually due to changes in measuring the weight. Were the door 2054 
weights in the broiler experiment measured the same way as in the turkey experiment, the weights 2055 
listed in Chapter 4 would be closer to 0%, 20%, 40% and 60%). Furthermore, a 0% door weight 2056 
in the turkey experiment indicated an unweighted door, whereas the 0% door weight in the broiler 2057 
experiment involved lifting all doors. These differences — measuring door weight and lifting the 2058 
doors — may seem unimportant because they did not affect the main findings of either experiment. 2059 
However, they did affect how clearly the results were conveyed, as the changes made in the broiler 2060 
experiment produced a clearer image of the relationships between door weight, time spent and 2061 
number of visits, and allowed maximum price paid to be calculated using LS means.   2062 

In addition to these differences in door weight, substrate treatments also differed slightly between 2063 
the two experiments. Where the turkey experiment included NS, the second experiment sought to 2064 
better understand why Galliformes were not motivated to access FP. Originally, I hypothesized — 2065 
based on pine, spruce and other hardwoods’ negative health effects on humans [1-5] and rodents 2066 
[6, 7] — that Galliformes might prefer another wood bedding without these health effects, such as 2067 
aspen [6]. However, Chapter 5 shows that broiler chickens react the same to fresh pine and spruce 2068 
shavings as they do to fresh aspen, and that these both decline in value with increasing door weight. 2069 
Therefore, we must examine other possibilities.  2070 



 

 

66 

The meta-analysis presented in Chapter 2 demonstrates that wood beddings are not preferred 2071 
substrates for Galliformes to spend time on or dustbathe in compared to sand and peat moss. This 2072 
lack of preference may explain why they valued all the substrate treatments equally in Chapters 4 2073 
and 5. However, the studies presented in Chapters 4 and 5 examined maximum price paid (or a 2074 
proxy), number of visits, and time spent, but did not report the amount of dustbathing. Moreover, 2075 
time spent may not be the best determinant for preferred substrate, as birds may dustbathe more 2076 
often in certain substrates without necessarily spending more time on them [8]. Therefore, it’s 2077 
possible that turkeys and broiler chicks may have a substrate preference for dustbathing that was 2078 
not identified in the studies presented in Chapters 4 and 5. Yet, even if I had recorded dustbathing, 2079 
the infrequency of this behaviour [9] may have necessitated a different observation method to 2080 
accurately report the amount of dustbathing performed. Moreover, turkeys and broiler chickens 2081 
spend most of their time lying down [10], so identifying their preferred substrate to lie on — and 2082 
therefore, the substrate that they will spend most time on — may ultimately be the more important 2083 
measure.  2084 

Nonetheless, all studies presented in this thesis are subject to limitations. Foremost amongst these 2085 
limitations is our inability as animals of another species to understand all the substrate qualities 2086 
that appeal to Galliformes. This prevents us from fully understanding what substrates would be 2087 
best for their physical and mental welfare. Since each substrate will vary by its chemical and 2088 
physical properties, this also complicates the task of pinpointing relevant substrate qualities in the 2089 
first place. For example, a preferred substrate, like sand, differs in many respects from a less 2090 
preferred substrate, like wood shavings. Additionally, as humans, we control what substrates are 2091 
presented to Galliformes, and therefore which substrates they can choose to prefer [11].  2092 

To narrow these gaps in our understanding of Galliformes, future research should qualitatively 2093 
assess the physical and chemical differences of substrates. This especially applies to the physical 2094 
and chemical properties of fresh and soiled substrates and particularly hardwood shavings, which 2095 
may negatively affect birds’ health [6, 7]. Research should also continue to monitor behaviour, 2096 
both to understand how substrates are used by different species and breeds of birds, but also to 2097 
understand how birds use the physical and chemical properties of different substrates for different 2098 
behaviours. Additionally, studies should assess turkeys’ and broiler chickens’ preferences and/or 2099 
motivation to access substrates over long periods, and in commercial settings.  2100 

In summary, this thesis found that Galliformes artificially selected for growth are highly motivated 2101 
to access feed and did not value one substrate treatment over another. Therefore, animal caretakers 2102 
should aim to provide the best bedding materials and litter management practices possible to 2103 
ensure the physical and psychological welfare of turkeys and broiler chickens. 2104 
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