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Liere, D.W. van, 1991. Function and organization of dustbathing in laying hens 
(Functie en organisatie van stofbadgedrag by leghennen). Dustbathing in laying hens 
(Gallus gallus domesticus) serves to remove excessive feather lipids which accumulate 
and become stale during dust deprivation. In addition and probably as a consequence 
of lipid removal the fluffiness of the downy feather parts is enhanced. A dustbath 
consists of appetitive tossings and consummatory rubbings. Its function as well as its 
organization depend on the nature of the bathing litter. The uninterrupted 
performance of rubbing is crucial and predicts consistent bathing litter preferences. 
An increase in stale feather lipids enhances the tendency to bathe, while sham-
dustbathing occurs during dust deprivation. However, during long-term deprivation 
sham-dustbathing develops abnormally. This seems due to intrinsic reinforcement. 
Long-term deprivation of functional stimulation prescribed by phylogenetical 
standards may result in an uncontrollable motivation to dustbathe. Ph.D. thesis, 
Department of Animal Husbandry, Ethology Section, Agricultural University, P.O. Box 
338, 6700 AH Wageningen, The Netherlands. 
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Stellingen 

"Scientists have to welcome reductionism as a method, because we can learn an 
immense amount even from unsuccessful or incomplete attempts at reduction; 
problems that are left open this way belong to the most valuable possesions of 
science. The number of interesting and unexpected results we may acquire on the way 
to our failure can be of the greatest value." 
Popper K.R., 1974. Scientific reduction and the essential incompleteness of all science. In: Studies in the 

philosophy of biology (Editors: F.J. Ayala and T. Dobzhansky), Macmillan Press Ltd., London, 
pp. 259-284. 

1. Stofbadgedrag van kippen is functioned in het verwijderen van overtollig en 
mogelijk verschaald verenvet. 

Dit proefschrift. 

2. In tegenstelling tot Vestergaard et al.'s conclusie, dat de organisatie van 
schijnstofbaden zich normaal ontwikkelt, lijkt de uitvoering van dit schijngedrag 
vooral het finale zijwrijfgedrag te faciliteren. 

Vestergaard, K., Hogan, J.A. & Kruijt, J.P., 1990. Behaviour 112: 99-116. 
Dit proefschrift. 

3. Stille wrijvingen hebben diepe gronden. 
Dit proefschrift. 

4. De verklaring waarom bepaalde gedragselementen eerder dan andere als 
afwijkend gedrag geritualiseerd raken heeft een diersoortoverstijgende waarde 
voor fundamentele ideeen ten aanzien van de organisatie van gedrag en voor de 
beoordeling van de kwaliteit van de dierhouderij. 

5. Het onderzoek aan pikgedrag van kuikens, dat in het kader van de "nature-
nurture" problematiek gedaan is, heeft een grote betekenis voor het begrijpen van 
verenpikgedrag. 

Dawkins, R., 1968. Z. Tierpsychol., 25: 170-186. 
Hogan, J.A., 1971. Behaviour, 39: 128-201. 

Hogan, J.A., 1973. J. Comp. Physiol. Psychol., 83: 355-366. 

6. Het gegeven dat mensen, afhankelijk van ervaring, intenties van andere 
Vertebraten kunnen schatten, lijkt in proximate zowel als ultimate zin nuttig. Dit 
vermogen bevordert het rendement van het gedragsonderzoek aan dieren. 

7. Een verkorting van de universitaire studie vereist des te meer dat de betrokken 
docenten onderwijskundig geschoold zijn. 

8. Alleen als aangenomen wordt dat dieren mentale belevingen kennen, is het begrip 
"dierlijk welzijn" ethisch zinvol. 

9. Het is eerder terecht dierwelzijnsvraagstukken voor te leggen aan psycho-
neurobiologische generalisten dan aan veterinaire of ethologische specialisten. 



10. Bij toepassing van non-parametrische statistiek is het in de ethologie algemeen 
geaccepteerde gebruik van een rekenkundig gemiddelde als beschrijvende 
parameter minder gepast. 

cf. Nowak, R., 1991. Anim. Behav., 42: 357-366. 
Orgeur, P., 1991. Appl. Anim. Behav. Sci., 31: 83-90. 

Sales, G.D., 1991. Behav. Proa, 24: 83-93. 
Ziporyn, T. & McClintock, M.K., 1991. Behaviour, 118: 26-41. 

11. De standaardisatie van proefdierpopulaties zoals die ter vermindering van het 
aantal proefdieren voorgestaan wordt, verwijdert de proefdierkundige van de 
essentie te verklaren waarom er eigenlijk variatie is. 

van Zutphen, L.F.M., Baumans, V. & Beynen, A.C., 1991. Proefdieren en dierproeven. 
Bunge, Utrecht, 365 p. 

12. Het buiten beschouwing laten van gedragsobservaties, die intuitief wel, maar strikt 
genomen niet binnen de randvoorwaardes van de operationele gedragsdefinitie 
vallen, illustreert in een notedop de beperkte waarde van de 
natuurwetenschappelijke ethologie voor de werkeiijkheid. 

13. Erik weet binnen het raamwerk van het schilderij "Wollewei", dat het eigenlijke 
leven erbuiten begint; eenmaal daar blijkt hij echter wereldvreemd. Een 
wetenschapper kan als Erik zijn. 

Bomans G., 1951. Erik of het klein insectenboek. Het Spectrum, Utrecht, 208 p. 

Stellingen behorend bij het proefschrift 

Function and organization of dustbathing in laying hens 

D.W. van Liere, 10 december 1991, Wageningen. 



VOORWOORD 

Dit proefschrift omvat onderzoek aan en gedachten omtrent stofbadgedrag bij 
kippen. Het onderzoek is razend interessant en leerzaam geweest, maar is nog lang 
niet voltooid. De gedachten zijn nog lang niet uitgerijpt. Het heeft me keer op keer 
gefrappeerd hoeveel je van dieren over jezelf kunt leren. Mensen zetten zichzelf op 
een hoger plan, maar in hoeverre is dat terecht gezien de duidelijke homologieen 
tussen mensen en, bijvoorbeeld, kippen? Het zoeken naar een antwoord 
gemodelleerd aan onderzoek naar het hoe en waarom van stofbadgedrag is voor mij 
een belangrijke drijfveer in het promotiewerk geweest. 

Met name met Wilma heb ik veel van gedachten kunnen wisselen over het 
werk in het algemeen en het onderzoek in het bijzonder. Vanuit haar professionele 
ervaring met humane gedragstrategieen en haar fundamentele interesse in dieren is 
ze een hele goede en kritische luisteraar geweest, die me stimuleerde zelf kritisch te 
zijn en twijfels te relativeren. Ellen, onze dochter, heeft me regelmatig met mijn 
gedachten uit het onderzoek getrokken en op de "normale wereld" gezet. Dat was 
nodig, omdat het erop vastbijten tot erop stuklopen kon verworden en waar blijft dan 
de humor, meneer Sonneberg? Wat de humor en steun betreft wil ik zeker Hans 
Romberg bedanken. He, balletje!, was een normale begroeting en typeert voor 
insiders de nodige meligheid. Hans was er, maar eigenlijk had je d'r geen moer aan. 
(Je moet natuurlijk weer uitkijken met dit soort opmerkingen: outsiders, het 
tegenovergestelde wordt bedoeld). Met het personeel van de pluimveeaccomodatie 
"de Haar" liep de samenwerking gesmeerd. Met name Aad Rodenburg heeft nogal 
wat verzorgingswerk voor me verzet. Zijn betrokkenheid met het werk en de praterij, 
bijvoorbeeld over Joegoslavie, heb ik ten zeerste gewaardeerd. Van de studenten, die 
bij het onderzoek betrokken zijn geweest wil ik Judith Ben Michael noemen. De 
discussies waren zeer nuttig, bovendien heeft de samenwerking met haar me gesterkt 
in het idee, dat in het leerproces tijdens zoiets als een stage, de begeleider tussentijds 
oordelen gerelateerd aan het einddoel moet weten te formuleren en weten kenbaar te 
maken. The work, enthusiasm and critical attitude of Natasja Siard as a guest worker 
from the university of Ljubljana (Slovenia), has been very valuable. Her thorough 
preparation in ethology, despite the lack of ethological facilities in her country struck 
me and, for me, proved her high motivation. 

Het is voor mij zeker van betekenis dat Kees Zoeter, onderdelen van het 
proefschrift (General Introduction, General Discussion, Chapter 6 en Summary) 
taalkundig gecorrigeerd heeft. Wie van ons had dat op de middelbare school kunnen 
bevroeden. Mijn Engels viel best mee naar ik begreep, maar zijn verduidelijkende 
final touches..., prachtig gewoon! In dezelfde lijn, maar dan op het Nederlandse vlak, 
wil ik ook Lidwien van der Pas bedanken voor de doorlichting van de Samenvatting. 

Gethin Thomas wil ik speciaal bedanken voor zijn positieve kritieken op het 
idee, dat lipideregulatie middels stofbaden voor de attractie van parasieten van 
belang zou kunnen zijn. De bijdrages van Jaco Kooijman en Francoise Wemelsfelder 
zijn ook belangrijk geweest: elders in dit proefschrift zal dat duidelijk worden. 
Daarnaast wil ik ze van harte bedanken voor hun activiteiten ter voorbereiding van 
de promotie. 



Grote waardering heb ik voor professor Piet Wiepkema. Zijn aandacht voor 
het integrate biologische functioneren van het individu, gerelateerd aan het verleden 
van het individu is voor mij een voorbeeld geweest in het proberen te begrijpen 
waarom er zoveel variatie bestaat tussen dieren van een soort. Een relativering van 
de rol, die de statistiek in het onderzoek speelt, geeft een scholing in deze aan. Ik 
vond het heel prettig, dat hij me "liet gaan", maar wel altijd de deur open had voor 
een "tussendoor" gesprek, waarin met enkele rake opmerkingen zijnerzijds mijn 
gedachten geordend werden. Ik hoop van harte dat ons goede contact voortduurt. 

Naast de genoemde personen wil ik alle anderen, die in het onderzoek en 
proefschrift een steen (groot en klein) hebben bijgedragen van harte bedanken. Ik zal 
dat zeker nog mondeling doen. 

Diederik 
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GENERAL INTRODUCTION 

Dustbathing is an intriguing maintenance behaviour, likely to have significant 
adaptive value, as it is found in numerous species of birds, as well as mammals. As 
far as birds are concerned, Galliformes bathe in dust only (Simmons 1964), whereas 
many other species may bathe in water as well (Heinroth 1955). Compared with the 
latter, fowl can be considered "specialists" in the use of dust, and contrary to other 
birds fowl do not depend on water for purposes of integumental maintenance. 
Despite their specialization, dustbathing at first sight does not seem to be organized 
in a clear way: the patterning differs considerably within as well as between 
individuals (cf. in quail: Borchelt 1975; in hens: Vestergaard 1982; Huber 1987). 
However, when the behaviour is observed more closely, a basal structure can be 
recognized. In hens on sand the first bathing tendencies can be recognized by a 
variable scratching with two legs, and bill raking in the dust. Gradually, the feathers 
become erected, and the hen squats down. While lying with fluffed feathers, the most 
evident element is the vertical wing shake (fig. 1): the hen lies on her breast and 
scratches both legs over the soil backwards and upwards raising the dust between the 
trunk and the outwardly held wings onto and between the fluffed feathers. 
Furthermore, a hen may lie on her side with fluffed feathers and scratch the litter on 
her body with one leg (scratching with one leg), or she may rub her head with fluffed 
feathers in the dust (head rubbing, fig. 1). Bill raking, which brings dust closer to the 
bathing animal, mostly precedes and ends the sequence of scratching with one leg, 
head rubbing and vertical wing shaking. However, after going through several of these 
sequences the feathers become flattened. A next phase in dustbathing is initiated, 
when bill raking precedes side lying and side rubbing. During side lying, a hen lies on 
her side with flattened feathers and wings held tightly to the body, while during side 
rubbing she also stretches her leg, causing her to rotate to some extend along the 
longitudinal axis (fig. 1). In contrast to the earlier mentioned elements, side lying and 
side rubbing are not very active and conspicuous, but they should not be mistaken for 
resting behaviour in which the hen mostly lies on her breast, while the postures of the 
feathers and wings are relaxed. Now and then some bill raking, scratching with one 
leg, head rubbing or vertical wing shaking may interrupt side lying and side rubbing, 
but after a certain quantity of the latter behaviour the hen stands up and ends her 
dustbath. At this moment about 20 minutes have elapsed since vertical wing shaking 
began, and the hen may fluff her feathers again, while shaking her body and wings 
vigorously. In this way the dust is removed from the plumage. After standing up from 
side lying and side rubbing a hen may sometimes start other behaviour which may be 
performed while the feathers and wings still are kept tightly to the body. Body/wing 
shaking will mostly follow after a variable amount of time (up to half an hour). In 
conclusion, a flow of preparatory and assimilating behavioural elements can be 
recognized in the course of a dustbath, although its performance is highly variable. 
This may suggest that a hen monitors the effect of a bathing element in detail and 
finely tunes the subsequent one. This illustrates in what way fowl may be considered 
dustbath "specialists". A refined organization could be crucial for instance in coping 
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with variable qualities of dust. The dust may vary in humidity, but may also vary in its 
organic composition, particle size, particle structure etcetera. A thorough 
understanding of the function of dustbathing and of the interplay between the 
different dustbathing elements would seem to be essential in predicting what a hen 
requires of her dustbathing environment. 

r ^ ^ _ > ' 
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Figure 1. Sequence of complete dustbathing behaviour in laying hens; the width of an arrow is arbitrarily 
chosen and corresponds to a high or a low transition probability. (Incomplete dustbathing: see Chapter 
2). 



General Introduction 

Given her specialized bathing abilities in dust, how would a hen experience a 
prolonged and total lack of litter? This condition is not likely to occur in nature, but 
is a reality for millions of hens kept in intensive husbandries such as battery cages. 
From a biological and an ethical point of view it is highly relevant to realize that 
under these circumstances hens keep up dustbathing behaviour (Black & Hughes 
1974; Martin 1975; Vestergaard 1980; Bessei & Klinger 1982; Vestergaard et al. 
1990). What causes them to perform this sham-activity, how is it organized and what 
is the use as compared to actual dustbathing? These questions need to be answered 
to evaluate hens' capacity to adapt their maintenance strategy in a dustless 
environment: the other side of the coin may be, that fowl are "too specialized" to 
achieve this. In the latter case the behaviour would not be effective and a discrepancy 
between the actual and the expected stimulus value (expected as described by 
Baerends 1976), causing a dustbathing response might remain. From a mechanistic 
point of view it would be highly interesting to see how a chronic discrepancy would 
feedback on the organization of the animal's behaviour. However, if it is accepted 
that a (higher) animal such as a chicken has mental experiences, hens' welfare is at 
stake too. In the phylogenetic thinking it is appropriate to regard feelings in 
Vertebrates homologous to those in man, as such an approach corresponds to the one 
applied in e.g. anatomy, physiology and neurology. In man feelings related to chronic 
stress are experienced in circumstances which are uncontrollable; in hens this may 
hold when they are deprived of dust for a long period of time. With respect to animal 
welfare an international assembly of ethologists ranked the significance of dustbathing 
behaviour among the ten most urgent subjects for research in the applied field 
(Wiepkema et al. 1983). 

From a cost and benefit point of view it is of interest to point to the 
mechanism of natural selection, which can be thought to have shaped dustbathing 
behaviour into being a part of the fowl's behavioural repertoire. With a zootechnical 
reductionism this mechanism shares the characteristic of omitting redundant and 
costly features. It may therefore be a mistake to neglect the significance of 
dustbathing in modern poultry husbandry. Care for dustbathing may be thought 
superfluous, as the link with the main interests in the poultry industry, survival, 
growth and egg production, is not clear. However, the fact that there is no clear 
relation does not mean that there is no significant one; clarity depends on insight in 
the matter and this may be limited. Therefore, if an energy saving mechanism has 
been at work in the phylogenetic course of development, it would be of much interest 
to know in what way dustbathing behaviour is functional. In conclusion, it is 
biologically, ethically, and zootechnically of much interest to investigate the effect of 
dustbathing behaviour in hens, as related to its organization in different bathing 
conditions. The thesis presented here is aimed at supporting this interest. As the 
experience with dustbathing behaviour in hens has accumulated during the study, the 
research chapters follow a chronological order. 

Chapter 1, 2, 5 and 6 involve the bathing performance in different types of 
litter and its effects on the plumage. The first chapter deals with the significance of 
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sand for some parameters of dustbathing behaviour and for lipid content and 
fluffiness of the feathers. The second chapter compares sand and wood-shavings as a 
bathing litter with regard to preference, bathing performance and the effect on 
feather lipids in general. The fifth chapter compares in detail the effects bathing in 
sand and wood-shavings have on the performance of tossing and rubbing, as well as 
on lipid reduction from proximal and distal feather parts. In the sixth chapter the 
reinforcing effect of the experience with wood-shavings or sand on the choice of 
bathing litter, i.e. peat, sand and wood-shavings, is compared with that of a no litter 
experience. In addition, it is tested whether the earlier found effects, including the 
effects on plumage surface temperature align with ultimate preferences. 

Chapter 3 deals with a causal feature of bathing behaviour which could be 
relevant in understanding the occurrence of sham-dustbathing, which is the topic of 
the fourth chapter. In chapter 3 observations of oiling behaviour and their application 
in testing the causal effect of lipid quantity and lipid quality on subsequent bathing 
behaviour are considered. Chapter 4 describes how bathing behaviour develops during 
and after deprivation of sand for more than 5 months. It also deals with the 
significance of the bathing behaviour as such, by testing the effect of preventing hens 
to perform sham-dustbathing in particular. Finally, the major findings will be 
discussed in an integrated approach: aspects of the functionality and the organization 
of the dustbath are considered within the scope of integumental maintenance, the 
performance of sham(vacuum)-behaviour, as well as within the scope of litter related 
effects in poultry husbandries. 



Chapter 1 

SHORT-TERM FEATHER MAINTENANCE AS A 
FUNCTION OF DUSTBATHING IN LAYING HENS 

D.W. van Liere and S. Bokma 

Published in: Applied Animal Behaviour Science 18 (1987): 197-204 
Reproduced by permission of Elsevier Science Publishers B.V. 
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SHORT-TERM FEATHER MAINTENANCE AS A FUNCTION OF 
DUSTBATHING IN LAYING HENS 

D.W. van Liere and S. Bokma 

Department of Animal Husbandry, Ethology Section, Agricultural University, P.O. Box 
338, 6700 AH Wageningen, The Netherlands. 

ABSTRACT 

Laying hens, deprived of dust for 33 days, showed an average increase in 
amount of lipids on back feathers from 10.3 to 14.5 mg lipids per g feathers at the 
end of the dust deprivation period. After the hens could dustbathe again, the 
original level was restored within 2 days. Also the downy parts of these feathers 
appeared to be fluffier. Dustbathing presumably regulates the amount of feather 
lipids and maintains down structure in good condition. These conclusions are 
discussed in relation to earlier findings concerning feather lipid quantity and 
feather structure. 

INTRODUCTION 

In Galliformes birds, dustbathing seems to be relevant in feather maintenance 
(Simmons 1964). During a dustbath, dust is tossed and rubbed between the feathers, 
which intensifies the contact between dust and feathers. At the end of a dustbath, 
dust is shaken out of the plumage. Extensive descriptions of dustbathing behaviour 
are given by Kruijt (1964) and Klinger (1985). 

Although many ideas have been put forward about how dustbathing behaviour 
could contribute to plumage or integument condition, very few have been tested 
experimentally. Borchelt & Duncan (1974), working with quail, found an 
accumulation of feather lipids when these birds were deprived of dust. Their results 
confirmed earlier observations that quail which were deprived of dust appeared 
greasy (Borchelt et al. 1973; Healy & Thomas 1973). Therefore dustbathing was 
thought to remove an excess of feather lipids, although supporting evidence was 
lacking. 

It has been suggested that lipids keep feathers supple, which reduces wear and 
chances of breakage (Elder 1954; Simmons 1964). Since feather lipids oxidize on 
contact with air and become stale (Simmons 1964), both quantity and quality of 
feather lipids may affect the function of the plumage. 

Dustbathing in quail also removes dandruff and improves feather structure 
(Healy & Thomas 1973). These conclusions were based on a comparison of feathers 
collected at the end of a 17 day dustdeprivation period with those collected after 
birds had had a renewed access to dust. Although only data from pennaceous parts 
were given, downy parts were also considered. This distinction seems obvious in a 
functional sense, but is also expressed in the distribution of lipids over the feather 
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itself (Ishida et al. 1973). 
Laying hens held in battery cages are unable to bathe in any dusty substrate, 

which could result in a physical deficiency if dustbathing is functionally important. 
Therefore the present study aims to investigate the effect of dustbathing on the 
amount of feather lipids and the structure of both pennaceous and downy feather 
parts in laying hens. 

MATERIAL AND METHODS 

Animals and housing 

Twenty beak-trimmed laying hens (Warren) were obtained at the age of 18 
weeks from a commercial hatchery. They had been reared on deep litter in a group of 
about 8000 individuals. At their arrival, the hens were leg ringed for individual 
identification, randomly divided into 4 groups of 5 hens and kept on deep litter. At 
the beginning of the experiment, the hens were 10 months of age. Each group was 
housed in a 150 cm x 240 cm x 260 cm (length x width x height) pen, floored with 
wooden slats; nest boxes without litter were provided. In a small compartment 
(measuring 75 cm x 150 cm x 100 cm) adjacent to each pen, a 60 cm x 60 cm x 12 cm 
dust tray was placed, filled with river sand and refilled once a week. The entrance of 
the small compartment could be locked by means of a sliding door. The pens in a row 
were visually isolated from each other and maintained on a 15/9 light dark cycle 
(lights on at 0500 h). Food from a feeding trough, about 7 cm in diameter, and water 
were provided ad libitum. Air temperature and relative air humidity were recorded 
continuously, averaging 20 (SD = 4)°C and 74 (SD = 12)%, respectively. 

Experimental design 

The experimental period covered a total of 38 days, divided into a pre-control 
period (days 1-3), a treatment period (days 4-36) and a post-control period (days 37 
and 38). During the pre- and post-control period, all birds had free access to the dust 
tray. In the treatment period, however, for the first and the third group in the row, 
the small compartment was locked (the deprived hens), while the other two groups 
were continuously allowed to dustbathe (the control hens). 

Feather sampling and analysis: Feather lipids 

From 6 standardized locations on the back of each hen, apparently clean and 
mature feathers were cut off at their base in equal numbers. This occurred on each 
day of the pre- and post-control period and the last 3 days of the treatment period. 
The feathers collected from each hen were grouped together per period. Thus, 3 
samples per hen, which weighed 2-3 g and contained about 90 feathers each, were 
acquired for lipid extraction. Seven days after sampling, feather lipids of each sample 
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were extracted according to the Soxhlett cold extraction method described by the 
I.S.O. (Anon. 1983). After extraction with diethyl ether for 2 h, the solvent was 
removed by distillation. The lipid residue was dried for 15 min at 100°C in a drying 
over, weighed and expressed on non-dried feather weight basis. 

An indication of the accuracy of this method was obtained in a pilot study. 
Triple samples of 5 equally treated battery hens (White Leghorns) revealed a 
coefficient of variation within hens of 0.02-0.09. Among hens, the amount of feather 
lipids averaged 16.2 (SD = 0.8) mg per g feathers. 

Feather sampling and analysis: Feather structure 

From one location (about 7 cm caudally from the shoulder), 5 mature feathers 
were cut from each hen on the last day of both the treatment and post-control 
periods. All 40 samples were kept separately in air filled plastic bags. 

Fig. 1. Back feathers of Warren laying hens classified to be undamaged and fluffy (on the right), and to 
be damaged and not fluffy (on the left) for structure of pennaceous and downy parts, respectively. 

Prior to the actual classification, the origin of the samples had to be masked." 
Reference feathers were also needed in order to examine feather structure 
objectively. Thus, all samples were randomly numbered and the origin of each sample 
was noted. Subsequently, 15 feathers were taken out of randomly chosen bags, and 
used to determine scoring criteria or to serve as references during classification. Both 
the distal pennaceous part and the proximal downy part of each feather were 
examined independently. The pennaceous part was scored to be undamaged when 
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barbs showed a maximum of two indentations, not deeper than half the length of the 
barbs. The downy part was classified to be fluffy when most of them were standing 
separately from each other at an angle of 30° or more with the plane of the proximal 
part of the feather (Fig. 1). A whole sample was judged to be undamaged or fluffy 
when the bag contained three or more undamaged or fluffy feathers, respectively. 

All 40 samples were judged 3 times, with half a day time interval. Hereafter, 
the origin of the feathers was revealed. Final classification of "undamaged" or "fluffy" 
was obtained only when whole samples were judged to be undamaged or fluffy at 
least 2 out of 3 times, respectively. Agreement between sample classifications of 
pennaceous structure and fluffiness was at the least 95 and 85%, respectively. 

Behavioural registrations 

During the post-control period, behaviour of the deprived hens was recorded 
on videotape in order to determine dustbathing frequency and duration. Preceding the 
present experiment, both the frequency and duration were already assessed for 
control hens of the second group in the row. 

Statistical analysis 

Regarding the amount of feather lipids, for control as well as deprived hens. 
Walsh test statistics were applied on paired samples between all three experimental 
periods. Both groups were tested against each other, using the Mann-Whitney U test 
(Siegel 1956). 

The binomial test was used in comparing the data of day 36 and day 38 for the 
number of improvements in pennaceous and downy structure. Between both 
experimental groups, Fisher exact probability was computed for data on feather 
structure at day 36 or day 38 (Siegel 1956). 

In these statistical analyses, data of one control hen were excluded. This hen 
had become broody and did not leave the nest box. For control hens sample size was 
therefore 9, for deprived hens it was 10. 

Dustbathing frequency and duration for 5 control hens (pre-experimentally) 
and 10 deprived hens (during post-control period) were compared with each other 
with Mann-Whitney U statistics. 

RESULTS 

Feather lipids 

The amount of lipids on back feathers of control hens did not change 
significantly over the three experimental periods (Table I). The mean amount of 
feather lipids remained at about 10 mg per g feathers. The deprived hens started at 
approximately the same lipid level as the controls. However, during dust deprivation, 
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the amount of feather lipids increased significantly to an average of 14.5 mg per g 
feathers (P< 0.01, Table I). When hens were allowed to dustbathe in the post-control 
period, the amount of feather lipids declined significantly (P< 0.01, Table I) to 10.1 
mg per g feathers, which did not differ significantly from the original level in the pre-
control period. 

Inter-group statistics revealed no significant difference in either pre-control or 
post-control period. In the treatment period, significantly more lipids were extracted 
from back feathers of deprived hens than from those of control hens (P< 0.01, Table 
I)-

Table I. Mean amount of lipids (with SD) in mg per g feathers on back feathers sampled from hens 
before, at the end of, and after a 33 day dust deprivation period, and from non-deprived control hens. 
One-tailed Walsh (1), and Mann-Whitney U(2) test probabilities are computed. A c : P< 0.01. 

HENS 

PRE-CONTROL 

DEPRIVED 10.3 (2.0)A(1) 

CONTROL 9.6 (1.6) 

SAMPLING PERIOD N 

END OF TREATMENT POST-CONTROL 

14.5 (3.0)C(1)<2) 10.1 (2.7)A(1) 

10.9 (2.6)A(2) 10.4 (2.3) 

10 

9 

Feather structure 

Day 38 did not reveal a significant change in pennaceous structure compared 
to day 36 for either control hens or deprived hens. 

Fluffiness of the control group hens did not change significantly between both 
days either (6 v. 4 fluffy structure scores; 2 hens improved, while 4 deteriorated in 
feather structure). On the other hand, fluffiness of the deprived hens improved 
significantly. On the last day of dust deprivation, day 36, only 4 out of 10 deprived 
hens had a fluffy feather structure. After hens were allowed to dustbathe for 2 days, 
all 10 (P< 0.05, one-tailed) had fluffy back feather down, corresponding to the 
illustration on the right in Fig. 1. 

On day 38, significantly more hens in the deprived group met the criteria 
regarding fluffiness compared to the control group (10 v. 4 hens; P= 0.01, one-tailed). 
No other significant result was revealed when comparing feather structure scores 
between groups. 

Behavioural registrations 

Deprived hens dustbathed on average 2.7 (SD = 0.9) times during the 2 day 
post-control period, whereas control hens dustbathed 1.1 (SD = 0.6) times in 2 days. 
This difference is significant (P= 0.01, one-tailed). Duration of dustbathing for the 
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deprived hens averaged 29 (SD = 4) min, which differed significantly from the control 
hen dustbathing duration of 20 (SD = 8) min (P< 0.05, one-tailed). 

During the post-control period, control hens and deprived hens only 
dustbathed in the dust tray and were never seen to perform sham dustbathing 
behaviour (Wiepkema 1983) on the wooden slat floor. In contrast, deprived hens had 
performed sham dustbathing during the treatment period, as occasional observations 
indicated. 

DISCUSSION 

In laying hens, dustbathing appears to be essential in the regulation of the 
amount of feather lipids, since the excess of feather lipids accumulated during dust 
deprivation is removed shortly after hens are again given access to a dust tray. 
Supporting evidence concerning the functional significance of dustbathing, suggested 
by Borchelt & Duncan (1974), is given by the results from the post-control period. 
Data of the control hens showed that differences in lipid level were not influenced by 
experimental manipulations such as feather sampling, or uncontrolled factors such as 
environmental ones. 

The mechanism by which feather lipid surplus is removed has not yet been 
established. It is thought that feather lipids are adsorbed by dust particles tossed 
between the feathers (Healy & Thomas 1973; Borchelt & Duncan 1974). Dust, with 
lipids probably attached to it, is removed when the hen terminates a dustbath with a 
feather shake. Further study of the amount of lipids attached to dust sampled at 
different phases of dustbathing (Borchelt 1975; Klinger 1985) could indicate how the 
behavioural elements of dustbathing are functionally related. 

In contrast to Healy & Thomas' findings (1973), the present data do not reveal 
a significant change in the structure of the distal parts of the feathers as a result of 
dustbathing after dust deprivation. In general, preening contributes to plumage 
condition (for a review see van Rhijn 1977). Especially regarding the pennaceous 
structure of the top of a feather, it is very likely that preening interacts with 
dustbathing, because lipids adhering to he tops of feathers originate from the preen 
gland (Ishida et al. 1973). If optimal feather top structure can only be achieved by the 
presence of fresh lipids, then it seems unfortunate that beak-trimmed hens were used 
in the present experiment, because a clear dustbathing effect on pennaceous structure 
of the feather top might be obscured by inadequate preening. 

Fluffiness of the downy parts significantly increased after a renewed 
opportunity to dustbathe. Since feather lipids accumulate during dust deprivation, this 
may imply that a surplus of lipids causes downy barbs to stick together. With the 
removal of excess of feather lipids, it is possible that down structure is restored after 
dustbathing. Healy & Thomas (1973) had the same impression, and suggested that the 
mechanical action of sand being shaken out of the plumage also adds to fluffiness. In 
contrast, not all control hens showed down parts classified as fluffy, although they 
were continuously allowed to dustbathe. However, the time interval between 
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dustbathing and feather sampling is very likely to be larger for the control hens 
compared to the deprived hens, because the deprived hens dustbathed at a higher 
rate after dust deprivation. This suggests that the downy parts of back feathers only 
maintain fluffiness for a short period, and deteriorate in structure between two 
successive dustbaths. Further investigations are required to reveal time dependent 
changes in fluffiness after a dustbath. 

The present results show that dustbathing in the laying hen is functionally 
significant regarding feather maintenance. If poor feather condition negatively 
influences animal welfare, then the lack of opportunity to bathe in a dusty substrate, 
as occurs in battery cages, should be re-evaluated. 
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ABSTRACT 

The dustbathing behaviour of laying hens (Gallus gallus domesticus) is 
significantly influenced when either sand or wood-shavings are offered as a 
dustbathing material. Hens, that are familiar with both materials, prefer sand over 
wood-shavings as a dustbathing material. This preference is also indicated by the 
findings that hens increased their dustbathing behaviour when they had been 
transferred from wood-shavings to sand, whereas a reverse treatment led to a 
temporary inhibition of dustbathing. For both substrates, short dustbaths (with a 
modal duration up to 5 minutes) and long dustbaths (of 20-30 minutes) were found. 
The former corresponded to the introductory (tossing) phase of the latter 
(complete) dustbaths. The distributions of dustbath durations and the observations 
of the dustbathing sequences suggest that wood-shavings are less effective than is 
sand. The efficiency with which feather lipids are removed when hens dustbathe 
either in sand or in wood-shavings after a 17 day dust deprivation, supports this 
suggestion. 

INTRODUCTION 

Dustbathing by birds is considered to play a role in the maintenance of the 
integument (Simmons 1964). As suggested for quail (Healy & Thomas 1973; Borchelt 
& Duncan 1974) and for hens (Chapter 1), dustbathing removes excessive and/or 
deteriorated feather lipids, which may improve feather structure. Fresh feather lipids, 
that originate from the skin or the uropygial gland (Ishida et al. 1973) are thought to 
keep the feathers supple and water repellent (Elder 1954). However, these lipids can 
oxidize (Simmons 1964) and accumulate (Borchelt & Duncan 1974; Chapter 1). In a 
dustbath, the dust particles that have been tossed and rubbed between the feathers 
are thought to adsorb feather lipids. Feather structure seems to be restored due to 
both a reduction of sticky lipids and the mechanical combing-like action of shaking 
when the particles are removed from the plumage (Healy & Thomas 1973). 

Little is known about the quality of the material that is required for 
dustbathing in gallinaceous birds. Hein (1970) indicated that the ruffed grouse prefers 
sandy dustbathing sites with particles of a specific range in size. Thus, these birds are 
able to differentiate between sandy substrates, which implies that the choice of a 
dustbathing substrate depends on specific requirements. Free ranging hens are seen to 
dustbathe mostly in sand (Folsch & Vestergaard 1981), whereas group housed hens 
usually have access to wood-shavings. However, the physical properties of these 
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materials differ considerably. Sand particles are small, though heavy and smooth, and 
wood-shavings are coarse, light and likely to adhere. This suggests that both substrates 
do not reach between the feathers in the same way during dustbathing and therefore 
could differ in their effect on the integument. If hens are able to differentiate among 
substrates, as the ruffed grouse does, then it is expected that a difference in quality, 
would be reflected in a clear preference. 

Although hens dustbathe both in sand (Folsch & Vestergaard 1981; Folsch et 
al. 1986; Chapter 1) or in wood-shavings (Wennrich & Strauss 1977; Bessei & Klinger 
1982), it is not known whether the dustbathing behaviour differs depending on the 
substrate. As such, hens seem to be able to change their dustbathing behaviour, since 
periods of dust deprivation increase both frequency and duration of the dustbathing 
bouts and frequency of the components within a bout (Borchelt 1975; Vestergaard 
1982; Chapter 1). However, it is not certain whether hens that are experienced in 
dustbathing in both sand and wood-shavings, organize their dustbaths differently in 
the different substrates. Moreover, if the patterning of the dustbath differs in these 
materials, then it is questionable whether dustbathing behaviour plays the same 
functional role. As dustbathing removes excessive lipids (Chapter 1), functional 
comparison between dustbaths in sand or in wood-shavings can be done on the 
efficiency with which hens remove feather lipids. A significant removal of feather 
lipids is expected when hens are given access to dust after a period of deprivation 
(Chapter 1). Therefore, comparison between dustbathing in sand or wood-shavings 
and the efficiency with which hens remove lipids, is especially interesting in the days 
following deprivation of dust. 

The aim of this study is to investigate the preference for and the tendency and 
the patterning of dustbathing behaviour in sand or wood-shavings and the difference 
in the efficiency with which feather lipids are removed when hens are offered one of 
these materials after a period of deprivation. 

ANIMALS, MATERIAL AND METHODS 

Animals and housings 

Twenty four beak-trimmed 18-week-old Warren laying hens reared on deep 
litter were obtained from a commercial dealer. On their arrival, the hens were housed 
on wood-shavings (averaging 30 mm2 in size), and a 60cm x 60cm x 12cm (length x 
width x heigth) tray of river sand, which was refilled twice a week, was placed in the 
pen. After one month, immediately before the experiments, the hens were wing-
tagged for individual identification and randomly divided into four groups of six hens. 
Each group was housed in a 260cm x 150cm x 240cm pen with wooden slat floors and 
nestboxes, which did not contain any litter. The pens, placed in a single row, were 
visually isolated from each other and maintained on a 13/11 light/dark cycle (lights 
on at 0600 hours). Food from a 7 cm wide feeding trough and water were provided 
ad libitum. Air temperature averaged 18°C; average relative air humidity was 60%. 
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Experimental design 

The study was divided into two experiments (fig. 1). In the first experiment, 
hens were shifted from wood-shavings to sand and vice versa. A test of the preference 
for either sand or wood-shavings when both materials are present, followed in the 
second experiment. 

Experiment I 
The first experiment lasted 68 days (fig. 1). This experiment was divided into 

three phases. During phase 1 (12 days) the birds were made familiar with both sand 
and wood-shavings by presenting these alternately every third day. No other 
particulate dustbathing medium was available. 

EXPERIMENT I EXPERIMENT II 
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Figure 1. The experimental design of two experiments as performed over 95 days with groups 1 and 3 
and groups 2 and 4, respectively. W: the Iray in the pen is filled with wood-shavings; S: the tray in the 
pen is filled with sand; -: no dustbathing material is present, period of deprivation; S + W: half of the tray 
in the pen is filled with sand, the other half is filled with wood-shavings. 

Phases 2 and 3 each consisted of three time periods. During the first 6 day 
period and the final 5 day period dustbathing substrate was presented; the middle 
period consisted of a 17 day litter deprivation (fig. 1). 

In phase 2, the substrate was wood-shavings for the hens, that had been on 
sand previously (groups 1 and 3) or sand when they had been on wood-shavings 
(groups 2 and 4). At the beginning of the deprivation period, the litter was removed 
from all pens. In phase 3, the conditions were reversed; groups 1 and 3 were offered 
sand and groups 2 and 4 were offered wood-shavings as a dustbathing material. 
Although substrate conditions were reversed for groups 1 and 3 and groups 2 and 4, 
each substrate treatment was thought to be comparable for all 4 groups, since for all 
groups each treatment was preceded by at least 3 days, in which the other substrate 
was presented. 

Experiment II 
The second experiment immediately followed the first and lasted 27 days (fig. 

1). Now, both dustbathing materials were presented at the same time during 5 days 
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preceding and 5 days following a deprivation period of 17 days. Both substrates were 
provided in the original tray, as described earlier, but now the tray was partitioned 
into two equal compartments with a slat of 35 cm height. One part was filled with 
sand and the other with wood-shavings. No other litter was provided in the pen. At 
the start of the deprivation period the tray was removed from all pens. 

Behavioural observations 

Experiment I 
During the pre- and post-deprivation periods of phase 2 and 3 in the first 

experiment, the behaviour of all hens was recorded on video from 0830 until 1830 
hours and frequencies and durations of dustbaths were noted. Since 90 % of the 
dustbathing behaviour occurs between 1100 and 1700 hours (Vestergaard 1982), the 
observation period was assumed to give reliable estimates of daily frequencies and 
durations of dustbathing. 

The dustbathing behaviour as described by Kruijt (1964) and Borchelt (1975) 
was considered to begin when a hen squatted down and performed vertical wing 
shaking. The end of a dustbath was determined by the start of an interval of 15 
minutes or more which did not include dustbathing behaviour. Sequences that 
included a shorter interval without dustbathing were considered to belong to one 
uninterrupted dustbath. This occurred in 9% of the total number of dustbaths. 

Experiment II 
In the second experiment, the hens were observed at 15 minute intervals 

between 1000 and 1600 hours. Number of observations in which hens dustbathed 
either in sand or wood-shavings was counted for each group and day. 

Feather sampling and analysis 

In the first experiment samples of feathers were taken on the last day of all 
three time periods in both substrate treatments. From each hen, ten, apparently clean 
and mature feathers were cut off at their base from eight fixed locations on the back, 
breast and thighs. Thus, about 80 feathers per sample (weighing 2-3 g) and 3 x 2 
samples per hen were obtained for lipid extraction. Feather lipids were extracted 
according to the Soxhlett cold extraction method described by the International 
Standard Organisation (Anonymous 1983). The lipids were extracted from the 
feathers with diethyl ether for two hours. Hereafter, the solvent was removed by 
distillation. The lipid residue was dried for 15 minutes at 100°C in a drying oven and 
weighed after cooling down to room temperature. The amount of feather lipids was 
expressed per gram (non-dried) feathers. An estimate of the reliability of this method 
has been given in Chapter 1. 
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Descriptive statistics 

Since hens tend to dustbathe in groups (Wood-Gush 1971), and amount of 
feather lipids is related to amount of dustbathing behaviour (Chapter 1), the data are 
assumed to be dependent within groups. Therefore, for all estimates, sample size is 4, 
based on 3 groups of 6 hens and 1 group of 5 hens. In the latter group, the data of 
one hen were excluded, because this hen's leg was injured. 

The following descriptive statistics were carried out for each time period and 
substrate treatment separately. 

Experiment I 
For each hen, the duration of a dustbath was based on the average of all 

dustbaths this hen had performed. Thereafter, these estimates were averaged over all 
hens within a group. In table I, final estimate of dustbath duration is given as an* 
average over the 4 groups. 

Daily frequency of dustbathing (table I) was calculated by counting the number 
of dustbaths performed on each day for each hen. A day count was 0 when a hen did 
not perform any dustbathing that day. Over the days these sums were averaged for 
each hen. Then, these estimates were averaged over all hens within each group and 
thereafter over the 4 groups. 

To illustrate the response of the groups after transfer from one litter to the 
other or after deprivation, mean total time spent dustbathing per day (fig. 2) was 
calculated. Time spent dustbathing was summed per day for each hen and averaged 
per day over the hens within a group. Thereafter, these estimates were averaged over 
the groups and plotted against day number. For each day, total number of hens, that 
performed one or more dustbaths, is included in the graph. 

The frequency distributions of the durations of the dustbaths in sand or in 
wood-shavings, as well as before and after the deprivation period is presented in fig. 
3. These dustbaths have been pooled over all individuals and days, that are involved. 

The amounts of feather lipids were averaged over the hens within a group. 
Extreme values in the amount of feather lipids were identified according to the Nair 
criterion (Natrella 1966) with 2.0 as an estimate of the standard deviation derived 
from concurrent data. From a total of 2 x 3 x 23 samples, five values were excluded; 
two from the 23 samples at the period after deprivation of sand; two from the 
samples at the period before deprivation of wood-shavings; and one at the period 
after deprivation of wood-shavings. In table HI, amount of feather lipids averaged 
over the 4 groups is presented. 

Experiment II 
In the second experiment the number of observations which included one or 

more hens that were dustbathing in either sand or wood-shavings was summed per 
day and group. Hereafter, these totals were averaged over the days and groups (table 
II). 
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Statistical analysis 

For both experiments and each behavioural variable, pair-wise comparisons of group 
estimates were done with a Wilcoxon matched pair signed rank test (Conover 1980). 
The probability of the test statistic under the H0 was Chi square approximated. 

Analysis on the group averages of the amount of feather lipids was performed 
with a paired f-test (Sachs 1984). 

Tests were one-tailed for comparisons within substrate treatments between 
time periods, since it was already indicated what effects on the tendency of 
dustbathing behaviour and the amount of feather lipids could be expected during and 
after a deprivation of litter (Chapter 1). Between substrate treatments comparisons 
were two-tailed. 

RESULTS 

Behavioural observations 

Experiment I 
All 23 hens were observed to dustbathe on sand both before and after the 

deprivation. On wood-shavings, 17 and 22 hens were observed to dustbathe before 
and after deprivation, respectively; time per dustbath was on average significantly 
longer after deprivation than before deprivation (table I). For hens on sand, this 
difference was not significant. During the pre-deprivation period, dustbaths on wood-
shavings were shorter than those on sand (table I), whereas after deprivation the 
opposite difference was found (table I). 

Table I. Mean duration (min.) of a dustbath and mean daily frequency of dustbaths per hen (with SD) 
for three groups of 6 and one group of 5 Warren laying hens over 6 days before or 5 days after a 17-day 
deprivation of sand or wood-shavings. 

BATHING 
MATERIAL 

SAND 

WOOD-SHAVINGS 

DUSTBATH DURATION 

BEFORE 

20.8 (4.7)A 

14.0 (4.9)c 

AFTER 

22.9 (1.9)B 

28.1 (5.3)D 

DAILY DUSTBATH 
FREQUENCY 

BEFORE 

0.8 (0.3)E 

0.8 (0.5) 

AFTER 

1.1 (0.3)F 

1.1 (0.4) 

Wilcoxon matched pair probabilities are one-tailed within and two-tailed between dustbathing materials. 
(AT=4; AC, BD, C D and EF: P< 0.05; other comparisons: NS). 

Following deprivation, daily dustbath frequency increased significantly for hens 
on sand, but not for hens on wood-shavings (table I). Within time periods and 
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between substrate treatments dustbathing frequency did not differ significantly. 
Mean total time spent dustbathing per day before and after deprivation is 

shown in fig. 2. After the first day of the pre-deprivation period, time spent 
dustbathing in sand dropped to a relatively constant level. For hens which had been 
transferred from sand .to wood-shavings, the daily tendency to dustbathe increased 
significantly over the days in the pre-deprivation period (fig. 2; Spearman rank 
correlation between group totals and day numbers: rs= 0.63, P< 0.001). On the first 
day of the pre-deprivation period, the difference in total time spent dustbathing per 
day differed significantly between the sand and the wood-shaving treatments (fig. 2, 
P< 0.05), but did not on the sixth day. 
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Figure 2. Mean total time spent dustbathing per day (in bars with SD) and total number of hens 
dustbathing (dashed line) over (left graphs): 6 days after transfer from wood-shavings or sand, 
respectively, and just before the 17 day deprivation period; (right graphs): 5 days immediately after the 
deprivation period. Open bars: dustbaths in sand; hatched bars: dustbaths in wood-shavings. Further 
explanation is given in the text. 

Immediately after deprivation hens spent significantly more time dustbathing 
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compared to the last day before deprivation (fig. 2, P< 0.05 for both sand and wood-
shavings). After the first day of the post-deprivation period the daily tendency to 
dustbathe dropped to a relatively constant level in both treatments. On the first and 
the fifth day after deprivation total time spent dustbathing did not differ significantly 
between the substrates. Similar results were found for the number of hens that 
performed dustbathing behaviour in the subsequent days of the pre- or post 
deprivation periods (fig. 2). 

BEFORE DEPRIVATION AFTER DEPRIVATION 

95 30 38 *0 4S BO BB 60 6S 70 76 

DURATION IN MINUTES 

Figure 3. Distribution in 5-min. classes of dustbath durations of hens on sand (open bars) or on wood-
shavings (hatched bars), performed before (left graphs) and after (right graphs) a 17 day deprivation of 
this dustbathing material. 2n= 111 (i=l,..23), or Sns= 120 (i = l,..17) before deprivation and Sn,= 129 
(i = l,..23), or Snj= 131 (i = l,..22) after deprivation in sand and wood-shavings, respectively, for dustbaths 
of a maximum of 23 hens. 

As illustrated in fig. 3, dustbathing behaviour seems to be heterogenous with 
regard to duration. The bimodal distribution found for hens on sand in the pre- and 
post deprivation period and hens on wood-shavings in the post-deprivation period 
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indicates the occurrence of both short dustbaths with a modal duration of 0 to 5 
minutes and longer dustbaths with a modal duration of 20 to 30 minutes. Although 
distributions as given here may be biased due to differences between individuals, 
short and long dustbaths were observed for each individual. However, in the pre-
deprivation period, hens on wood-shavings mostly have short dustbaths, which results 
in an exponential-like distribution. 

The short dustbaths in sand and wood-shavings did not differ strikingly in 
terms of the behaviour performed. The introductory behaviour consisted of scratching 
with two legs, while squatting and bill raking. A tossing sequence followed, in which 
head rubbing, scratching, vertical wing shaking and bill raking was performed with 
fluffed feathers, while lying on the breast or side. The termination of the short 
dustbaths occurred at irregular intervals when the hen stood up and initiated other 
behaviour. 

The long dustbaths in sand or wood-shavings differed from the short ones in 
the inclusion of lying on the side with flattened feathers and side rubbing behaviour. 
These behavioural elements always occurred after several bouts of tossing behaviour, 
which were performed in a way similar as just described for short dustbaths. Standing 
up again and shaking the feathers always marked the end of the long dustbath. Within 
the long dustbaths a difference was observed between the patterning of baths in sand 
and of baths in wood-shavings. In sand, long periods (up to 10 to 15 minutes) of side 
rubbing and lying on the side were performed, which never occurred on wood-
shavings. In the long dustbaths in wood-shavings, bouts of lying on the side and side 
rubbing were much shorter (up to 3 minutes) and were frequently interrupted by 
reinitiated tossing behaviour. This alternation between rubbing and tossing sequences 
also accounted for the extremely long dustbaths in wood-shavings (40 minutes or 
more). 

The effect of the tossing behaviour was observed to differ between both 
materials. Sand was easily tossed among the feathers and reached the skin of the 
back, belly and wings. Wood-shavings were tossed between the proximate parts of the 
feathers and were only seen to reach the skin in the featherless spaces (e.g. the 
uropygial eminence and the adjacent area; Lucas & Stettenheim 1972a). 

Experiment II 
During both the 5 days before and the 5 days after deprivation, hens showed a 

clear preference for dustbathing in the sand compartment of the tray. Average 
number of times per day hens were observed to dustbathe in sand differed 
significantly both before and after deprivation from the number of times per day hens 
dustbathed in wood-shavings (table II). The number of times per day hens were 
observed to dustbathe after deprivation was significantly higher than before 
deprivation for dustbaths in sand (table II), but not for dustbaths in wood-shavings. 
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Table II. Mean number of observations (with SD) in which hens dustbathed in either sand or wood-
shavings when presented with both substrates, for three groups of 6 and one group of 5 Warren laying 
hens, in 24 observations per day over 5 days before and 5 days after a 17 day deprivation of both 
dustbathing materials. 

BATHING 
MATERIAL 

SAND 

WOOD-SHAVINGS 

NUMBER OF OBSERVATIONS 

BEFORE 

8.8 (1.9)A 

0.2 (0.2)c 

AFTER 

10.6 (2.3)B 

1.0 (0.7)D 

Wilcoxon matched pair probabilities are one-tailed within and two-tailed between dustbathing materials. 
(AT=4; AB, A:c and BD: P< 0.05; CD: NS). 

Feather lipid analysis 

The amount of feather lipids did not differ significantly between substrate 
treatments in any of the three sampling periods. Both hens deprived of sand and hens 
deprived of wood-shavings showed a significant accumulation of feather lipids at the 
end of the deprivation period (table III). However, after renewed opportunity to 
dustbathe for 5 days, the amount of feather lipids was significantly lower (table III) 
and this did not differ from the original level just before dust deprivation. 

Table III. Mean amount of feather lipids (mg lipids g"1 feathers; with SD) of four groups of Warren hens' 
plumage (23 birds in total) sampled at the last day before, at the end of and 5 days after a 17-day 
deprivation period of sand or wood-shavings. 

BATHING 
MATERIAL 

SAND 

WOOD-SHAVINGS 

BEFORE 

7.7 (1.0)A 

8.0 (0.6)A 

AMOUNT OF FEATHER LIPIDS 

AT THE END OF 

9.0 (0.9)B 

8.9 (0.8)B 

AFTER 

8.0 (1.9)A 

8.3 (0.9)A 

Paired Mest probabilities are one-tailed within and two-tailed between dustbathing materials. (Af=4; AB: 
P< 0.05). 

DISCUSSION 

On the first day of the pre-deprivation period, when hens have had wood-
shavings as a dustbathing medium, the tendency to dustbathe in sand is much higher 
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than in the subsequent days (fig. 2). This contrasts sharply with the response on the 
first day after hens had been transferred from sand to wood-shavings. In the latter 
case, hens hardly dustbathed (fig. 2). Apparently, hens used to sand are reluctant to 
dustbathe in wood-shavings when this substrate is given after sand, and show a 
rebound-like effect when put back from wood-shavings on sand. This suggests that 
wood-shavings are less attractive as a dustbathing material than is sand. The second 
experiment confirms this suggestion. It showed that hens differentiate between 
substrates and consistently choose sand over wood-shavings when both substrates are 
presented at the same time (table II). 

After the first day of transfer, hens on sand dustbathed at a steady level, 
whereas on wood-shavings, the daily tendency to dustbath increased with time (fig. 2). 
Thus, early aversion may have diminished or may have been overruled by stimulating 
factors that increase in strength over the days in the pre-deprivation period. The 
latter suggestion corresponds with Vestergaard's finding (1982) that the tendency'to 
dustbathe after deprivation of dust increases with daily lengthening of the preceding 
deprivation period. Since most hens were not observed to dustbathe immediately after 
transfer from sand to wood-shavings (fig. 2), the increase in the tendency to dustbathe 
may be comparable to that which occurs during a real deprivation of dust. 
Despite the clear cut preference observed in the second experiment, the first 
experiment showed, that in the pre-deprivation period the daily frequency of 
dustbathing did not differ between the sand and the wood-shavings (table I). 
However, a distinction in the tendency to dustbathe in sand or wood-shavings, is 
suggested by the difference in dustbath organisation on sand and wood-shavings. 

The bimodality in dustbath duration found for dustbaths in sand or wood-
shavings after deprivation (fig. 3) suggested the existence of short and long dustbaths. 
A short dustbath, which only includes tossing behaviour, could serve a particular 
function or could be comparable to the introductory phase of a long dustbath. In the 
latter view, the tossing behaviour sets the conditions for subsequent rubbing 
behaviour. This is plausible because rubbing is always preceded by tossing behaviour 
(this study; Kruijt 1964; Borchelt 1975; Folsch et al. 1986). In a functional context this 
may be relevant, since the feathers are flattened and the wings are held tightly to the 
body while rubbing (this study, Kruijt 1964; Borchelt 1975), which enables a hen to 
enclose the particles that previously have been tossed between the feathers and to 
enhance the contact between the particles and the feathers or skin. However, the 
effect of tossing behaviour differs between dustbaths in sand and wood-shavings. As 
hens dustbathe in wood-shavings, particles hardly reach between the feathers, whereas 
in sand, the particles reach the skin. If rubbing behaviour is causally dependent on the 
effect of tossing behaviour, then the tendency to perform rubbing behaviour may 
differ between the wood-shavings and sand treatment. This suggestion is supported by 
our finding that hens mostly perform short dustbaths when given wood-shavings, 
whereas on sand they perform more long dustbaths (fig. 3). A preliminary conclusion 
could be that rubbing behaviour is inhibited in wood-shavings, although further 
research on causal and functional relationships between the short and long dustbaths 
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is needed to verify this. Moreover, more detail is needed to test what physical 
properties of the substrate are involved in the patterning of dustbathing. 

On the first post-deprivation day, hens on either sand or wood-shavings showed 
a much higher tendency to dustbathe than before deprivation (fig. 2). This is a well 
known phenomenon (Wennrich & Strauss 1977; Vestergaard 1982; Chapter 1), which 
is also apparent in the overall estimates of the duration of a dustbath or the daily 
frequency of dustbathing (table I). Although the tendency to dustbathe is higher after 
deprivation than before deprivation, the preference for sand over wood-shavings 
remained clear cut (table II). However, despite the conclusion that wood-shavings 
represent a less attractive bedding than sand in which to dustbathe, hens in wood-
shavings took longer dustbaths than hens on sand, after deprivation (table I). 
Paradoxically, it could be concluded that after deprivation hens show a higher 
tendency to dustbathe on the less preferred wood-shavings. However, after 
deprivation on wood-shavings, hens seem to take more short and extremely long 
dustbaths than on sand (fig. 3). As such, the latter finding suggests that the 
dustbathing response in wood-shavings is ambivalent, which could correspond with the 
organization of the long dustbaths in wood-shavings. In contrast to the long dustbaths 
in sand, tossing and rubbing behaviour in the wood-shavings seem to alternate, as 
short bouts of rubbing behaviour are more frequently interrupted by bouts of tossing 
behaviour. A dithering between these behavioural elements may occur when the 
tendency to perform tossing and rubbing behaviour is high, although the effectiveness 
of both the tossing and the rubbing behaviour is too low to sustain a prolonged bout 
(Houston & Sumida 1985). A longer study on the development of the organization of 
bathing behaviour in wood-shavings would clarify whether this dithering continues or 
develops in a more consistent bathing behaviour. If dustbathing in wood-shavings is 
less effective, which causes the tendency to dustbathe to decrease slowly, compared to 
dustbathing in sand, then the afore mentioned paradox may simply be explained by 
the idea that hens on wood-shavings need more time to reach the same effect. 
Indeed, in the 5 day period following deprivation, hens spent more time bathing in 
wood-shavings than in sand (table I), whereas the removal of featherlipids was 
virtually the same (table III). These findings fit with the assumption that dustbathing 
maintains feather lipid homeostasis (Levine et al. 1974), although it is still to be 
solved whether feather lipid content and amount of dustbathing in wood-shavings or 
sand remain at the levels as found in this study over a long period of time. Moreover, 
the causal effects of quality (Simmons 1964) and/or quantity of feather lipids 
(Chapter 1) on dustbathing behaviour are not clear, which will be investigated in a 
later experiment. 

Despite the presumed difference in the efficiency with which feather lipids are 
removed, ultimate amount of lipids, that was still present on the feathers, seemed to 
be comparable between both materials (table III). Therefore, it could be argued that 
dustbathing in either sand or wood-shavings does not differ functionally with regard to 
feather lipid homeostasis. However, it is not known if the distribution of feather lipids 
over the single feathers is affected in the same way, since sand particles seem to 


