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N0RGAARD-NIELSEN, G. and K. VESTERGAARD: Dustbathing
behaviour of uropygial gland extirpated hens. Effects of dust depri
vation. Acta vet. scand. 1981, 22, 118-128. - Dustbathing behaviour
of uropygial gland extirpated and intact White Leghorn hens was
studied after 27 and 75 h of deprivation of dust. Thereafter the hens
were given access to dust (litter) and latency and duration of their
first dustbathing bout were recorded. A short latency and/or a long
duration were taken to indicate a strong urge to perform dustbathing.
Judged by either of these criteria the gland extirpated birds showed
a higher dustbathing tendency than the intact birds and in both
groups the dustbathing tendency increased from 27 to 75 h of depri
vation. Because of these findings the present study failed to support
the "lipid regulation theory": that the amount of lipid in the plumage
should regulate the dustbathing tendency. Rank 111 the social hier
archy significantly influenced latency and duration of dustbathing
but there was no simple correlation. After two weeks with constant
access to litter no differences in the amount of feather lipids could
be found between gland-extirpated and intact birds.
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The influence of dust deprivation on duslbathing behaviour
of gallinaceous birds has been examined in a number of studies
in the Bobwhite quail (Colinus virginianus) (Borchelt el al. 1973.
Borchelt 1975), the Japanese quail (Coturnix corturnix japonica)
(Benson & Schein 1965) and the domestic hen (Vestergaard
1981a).

In the domestic hen Veslergaard found a gradual increase
in the tendency to perform dustbathing when depriving the
hens of litter for from 5 to 105 h, and similar results have been



Dustbathing behaviour of domestic hens 119

described for Bobwhite quails by Borchelt et al. and Borchelt.
Very long lasting deprivation may further elevate the dust
bathing tendency since it is well known that hens kept without
access to dust for several months perform vacuum dustbathing
activities (Black & Hughes 1974, Martin 1975, Yesierqaard
1981b ). However, little is known about the mechanism of the
deprivation effect and of the long-term temporal regulation
of dustbathing. The theory which has been discussed most
thoroughly is the "lipid regulation theory" of Borchelt and col
leagues (Borchelt et al., Levine et al. 1974, Borchelt 1975 ).

According to this theory lipids from the uropygial gland are
accumulated in the plumage and dustbathing is stimulated
whenever the amount of lipid increases. Thus it should be the
accumulation of lipids in the plumage that causes the gradual
rise in the dustbathing tendency during deprivation. The theory
is supported by studies on Bobwhite quails which have shown
that the amount of feather lipids increases during dust depri
vation (Borchelt & Duncan 1974 ). It is also known that lipids
from the uropygial gland are brought to the feathers during
preening by a special oiling behaviour which is part of the feather
maintenance behaviour of birds (Simmons 1964 ).

Whether or not the theory is true can be tested by depri
vation studies of uropygial-gland-extirpated birds. In such birds
there will be no accumulation in the plumage of lipids from the
uropygial glands and as a consequence the birds should dust
bathe less than intact birds and deprivation should fail to in
crease the dustbathing tendency.

The aim of the present investigation was to examine the
validity of the "lipid regulation theory" by measuring the dust
bathing performance of uropygial-gland-extirpated hens after
dust deprivation for two different periods of time and comparing
with intact birds. Additionally the amount of lipids in the plumage
was measured in order to assess the effect of gland extirpation.

MATERIALS AND METHODS
Experimental animals

Ten White Leghorn hens, 18 weeks old, were purchased from
a commercial dealer. They have been raised in a deep-litter house
with about 8000 hens. The birds were individually marked by
the aid of different speed marker colours and allocated to two
identical pens with five birds in each. All the hens in one group
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were uropygial gland extirpated ("operated") at 22 weeks of
age. The hens in the other group ("controls") were handled
about as much as the operated hens but no sham operation was
made. The rank order was determined throughout the experi
ment and was found to be stable and linear in both groups. One
hen became ill and was removed as was a hen from the other
group before the start of the experiment.

Experimental pens

Each pen measured 2.00 X 1.75 X 2.80 m . They were both
placed in a room in which there were no other animals. A solid
wall separated the pens so that the two groups were visually
isolated from each other. The front of the pens was made of wire
mesh and the other walls were solid. About three quarters of the
floor area in each pen was occupied by litter consisting of straw
mixed with fine dry soil and sand in equal amounts. The litter
was kept constantly dry throughout the experiment.

Two wooden frames with wire mesh covered the litter during
deprivation periods. A black sheet of plastic was attached be
neath the frames so that the birds were both physically and
visually separated from the litter. During periods with access to
the litter the frames were placed along the side walls of the pens.
At the rear end of each pen were two nests with straw and a
dropping pit with perches. A "waiting box" in which the hens
could be locked up was placed on the roof of the nests.

The hens were fed ad lib with a layers ration presented from
a single feeding trough and water was available from an auto
matic waterer. Eight 40 W meon tubes were on from 6 a.m, to
8 p.m. and there was no additional source of light. The illumi
nation at floor level was 340 lx . Two thermostatically controlled
radiators were adjusted to maintain the temperature at at least
21°C, but fluctuations between 18 and 28°C occurred during the
experiment. The relative humidity varied between 45 and 55 %.

Experimental procedure

The experimental procedure was as described by Vestergaard
(l981a) : Before each deprivation period the hens were locked
up in the "waiting box" while the wire floors were placed above
the litter. Then the birds were released. At the end of the depri
vation period the birds were locked up in the "waiting box"



Dustbathing behaviour of domestic hens 121

while the wire floors were removed. Latency was timed for each
bird from its release to the occurrence of the first vertical wing
shaking. The duration was recorded for each individual from
the first vertical wing-shaking until the bird had risen to its
feel and performed the first body/wing-shaking. Both these pat
terns have been described by Krui]t (1964).

Each group was deprived 15 times for 27 hand 15 times for
75 h, and the deprivation periods were invariably terminated at
1 p.m. The two kinds of treatments were presented in random
order, and after each deprivation period the birds had full access
to litter for at least two days. The deprivation levels applied and
the time of day chosen for testing were based on previous experi
ments with intact birds (Vestergaard 1981a) in which the con
ditions had been optimized for demonstration of the deprivation
effect. Data on hens which performed both dustbathing and
nesting behaviour during the test were discarded.

Lipid extraction from feathers

Two weeks after the end of the deprivation experiment the
birds were killed and the lipid extracted from 10 g not visibly
contaminated feathers from each hen, according to the method
of Folch et al, (1957). Since the filler-paper used permitted pene
tration of some particulate material the residual was dissolved in
chloroform and filtered through at 8 l.l. millipore filter.

Statistical analysis
The duration and latency data were statistically evaluated

by an analysis of variance. Independent variables were ± gland
extirpation, deprivation level (27 or 75 h) and rank in the
hierarchy. The latency values were transformed to logarithmic
(In) values in order to ascertain approximation to a normal
distribution. Differences between operated and control hens in
lipid content of the plumage were tested by the Mann-Whitney
U'-test, two-tailed (Siegel 1956).

RESULTS
Dustbathinq behaviour

During the 240 different units of observation (eight birds
deprived 15 times at two deprivation levels) 215 events of dust
bathing occurred. Of these, four observations from intact birds
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and five observations from operated birds were excluded from
the statistical evaluations because the birds showed nesting
behaviour during the test.

The analysis of variance (Table 1) showed that gland extir
pation, deprivation level, and rank in the hierarchy significantly
influenced both latency (In latency) and duration of dustbathing.
There were no significant interaction effects.

Tab I e 1. Analysis of variance of the dustbathing durations and In
latencies (in seconds).

± Uropyglal Deprivation Rank
gland (UG) level (DL) (R) UGXDL UGXR DLXR UGXDLXR Error

Mean squares

In latency 7.85 * * 22.65 * * * 9.02 * * * 0.14 1.71 0.75 0.73 0.77
Duration 452 X104 * * * 793 X104 * * * 110X104 * 6X104 64 X104 67 X104 4X104 32 X10-1
- -_._-_ ._---- --_._-- ._ .-

DF 1 1 3 1 3 3 3 190

P < 0.001 * * P < 0.01 * P < 0.05
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Fig u r e 1. Latency (In minutes) for dustbathing after 27 and 75 h
of deprivation for 4 uropygial gland extirpated ("operated") and 4
intact ("control") hens. Number indicates rank in the hierarchies.

Each point represents the mean of 10--15 observations.
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The directions of the effects appear from Figs. 1 and 2. The
In latency (Fig. 1) decreased in all hens from 27 to 75 h of de
privation and the values of the operated hens were smaller than
those of the controls. There was no linear correlation between
rank and In latency, but with one exception the mean values
(for each deprivation level and bird) increased with the following
order of the ranks: 2, 3, 4, and 1 respectively. The duration
(F ig. 2) increased from 27 to 75 h of deprivation and the values
of operated hens were larger than those of the controls. There
was no simple correlation between duration and rank, but gener
ally ranks 2 and 3 had larger mean durations than ranks 4 and 1.
No dustbathing behaviour was observed at inspections during
deprivation periods.
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Fig u r e 2. Duration of dustbathing after 27 and 75 h of deprivation
for 4 uropygial-gland-extirpated and 4 intact hens. Number indicates
rank in the hierarchies. Each point represents the mean of 10-15

observations.
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Lipid content in the plumage

Lipid was obtained from both operated and control birds
(Fig. 3) and there was no difference between the group means
(P = 0.55). Filtration by the 8 I.l. millipore filter reduced the
values by approximately 20 % and again the difference between
the groups was not significant (P = 0.89).
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Fig u r e 3. Feather lipid concentrations in operated and control
hens. The columns show the mean concentration of lipids in 10 g of
feathers from 4 uropygial extirpated and 4 intact hens. Values obtained
by filtration through filter-paper (I) and through an 8 I.l. millipore
filter (II) are shown. Standard deviation is indicated on each

column.

DISCUSSION

This study has demonstrated a clear deprivation effect in
uropygial-gland-extirpated hens. Like the intact birds in this
study and those studied by Vestergaard (l981a) the uropygial
gland-extirpated birds increased their dustbathing tendency with
the length of deprivation, i.e., latency decreased and duration
increased. These findings are inconsistent with the lipid regu
lation theory, since there is no well documented way of in -
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creasing the lipid content of the feathers except by oil from
the uropygial gland. Also contrary to the theory the operated
birds showed a higher tendency to dustbathe than the intact
birds and this is difficult to explain. During the study, however,
it was the impression of the observer that the plumage was more
disorderly in operated than in intact hens, and since it is known
that other external stimuli such as louse infestation and wet
feathers increase the grooming behaviour of domestic hens
(Brown 1974), it is likely that feather disorder may have a
similar effect on dustbathing. The lack of uropygial gland lipid
may have been the cause of the disorganized plumage in the
operated hens.

Bobwhite quails dustbathe three weeks following uropygial
gland-extirpation, and the rate is the same as prior to uropygial
gland-extirpation (Borchelt 1972 quoted by Levine et al, 1974) .
No information, however, is available about effects of increasing
deprivation in these birds. Strictly keeping to the lipid regulation
theory, uropygial-gland-extirpated birds should not dustbathe
any more after having performed dustbathing a number of times,
since that would have brought the amount of lipid below the
threshold level for elicitation of dustbathing. Levine et al. (1974),
who tested various models of dustbathing and lipid regulation,
which generally confirmed the theory, found that dustbathing
also occurred for reasons not related to lipid regulation. This
is further supported by a study of Williams & Strunqis (1979)
who found that during ontogeny of grooming behaviour in the
domestic fowl dustbathing started some days before the oiling
behaviour and before oil could be squeezed from the uropygial
gland.

A further complication is that a supply of lipid may be
coming directly from the skin of fowls (Ishida et al, 1973).
Some accumulation of lipids may thus take place in the plum
age of operated hens during dust deprivation periods, and such
an effect might explain the observed deprivation-induced in
crease of the dustbathing tendency in the operated birds in the
present study. However, contrary to what actually happened a
lower dustbathing tendency should be expected in the operated
than in the intact birds since the former were deprived of one of
the lipid supplies. So even if we can accept that feather lipid may
originate from sources other than the uropygial gland the present
results do not confirm the oil regulation theory.
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Besides lipids there may be other exteroceptive factors
of significance for the long term regulation of dustbathing
behaviour. Thus, it has been demonstrated that in Japanese
quails dustbathing results in improved barb alignment, decreased
amount of dandruff in the feathers, and pronounced drying and
fluffing of the downs (Healy & Thomas 19i3). Therefore feather
disorder and accumulation of dandruff on skin and in the
plumage may play a role in the long-term regulation of dust
bathing and contribute to elevate the dustbathing tendency
during experimental deprivation. Finally it may be that the
regulation of dustbathing behaviour mainly depends on an in
ternal regulation mechanism located in the central nervous
system. More research is needed to elucidate the possible exi
stence of such a mechanism.

No reduction in the lipid content of the plumage could be
demonstrated in the uropygial gland extirpated birds. The values
corresponded to those found in intact birds in a number of spe
cies including the fowl (Bolliger & Varga 1960) . However, in
the present intact birds plumage lipids might have been brought
down to a "basic" level by dustbathing during the period with
continuous access to litter preceding the collection of the feather
samples.
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SAMMENDRAG
Steubadninqsadlserd hos uropygialkirtel-extirperede tamhpner.

Effekt af steudepriooiion.
Stevbadningsadfrerd hos uropygialkirtel (gumpekirtel) extirpere

de ("opererede") og intakte Hvide Italiener hener blev undersegt
efter henholdsvis 27 og 75 timers stevmangel (deprlvation) , NAr
henerne efter endt deprlvatlonstid fik adgang til "stpv" i form af
streelse, blev en "kort" latenstid og/eller en "lang" varighed af stev
badningen taget som tegn pA en forstrerket trang til at udfore stev
badning. PA grundlag af begge kriterier udviste de opererede hener
en sterre stevbadningstrang end de intakte hener, og i begge grupper
steg stevbadningstrangen fra 27 til 75 timers deprivationstid. PA dette
grundlag kunne eksisterende teorier gAende ud pa, at lipidmrengden
i fjerdragten regulerer stevbadningstrangen ikke bekrreftes. Rangen
i det sociale hierarki havde en indflydelse pA bade latenstid og varig
hed af stevbadningen, men der var ingen simpel korrelation mellem
rang og stevbadningstrang. Der fandtes ingen Iorskelle mellem opere
rede og intakte hener i fjerdragternes lipidmrengder efter 14 dages
vedvarende adgang til stev.

(Receiued December 2, 1980).
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