Available online at www.sciencedirect.com

SC;IEN(:E@DIRECT’s BEHAVIOURAL
Processes

www.elsevier.com/locate/behavproc

ELSEVIER Behavioural Processes 70 (2005) 264—-270

Olfactory conditioning experiments in a food-searching
passerine bird in semi-natural conditions
A. Mennerat, F. Bonadonna, P. Perret, M.M. Lambrechts

Centre d’Ecologie Fonctionnelle et Evolutive, UMR 5175 du CNRS, 1919 Route de Mende, F-34293 Montpellier Cedex 5, France

Received 8 December 2004; received in revised form 30 June 2005; accepted 19 July 2005

Abstract

Because passerine birds have a very small relative olfactory bulb size, they have been considered to have weak olfactory
capacities for decades. Recent investigations however suggest that breeding female taeautitsabruleus) are sensitive
to lavender odour in the reproductive context of building and maintaining the nest. Here, we present results of an olfactory
conditioning experiment in blue tits held in semi-natural conditions during the breeding season. We show that captive male blue
tits, trained to associate lavender odour with a food reward, are more attracted to an empty feeder box emitting lavender odout
than an odourless empty feeder box. Females did not distinguish significantly between empty feeders with and without lavender
odour during the test phase, although they responded positively at the end of the training phase. These results suggest that ma
blue tits can use olfaction in a context not related to nest building. Additional experiments will be required to better understand
the observed sex differences in response to the experimental set up, and in what context free-ranging individuals use olfaction.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction pigeons (reviewed bWallraff, 2009, food finding in
kiwis (Wenzel, 1968 turkey vulturesilouston, 1985
The importance of bird olfaction has been debated and petrels Klutchison and Wenzel, 1980; Nevitt et
for decades. Since the 1960s, however, an increasingal., 1995; Nevitt, 2000; Cunningham et al., 2903
number of studies indicates that the olfactory appa- and recognition of familiar odours in domestic chicks
ratus of various avian species is similar to that of (Burne and Rogers, 1996; Marples and Roper, 1996;
other vertebrates (reviewed Roper, 1999 The use Porter et al., 1999and petrels Bonadonna et al.,
of olfaction has now been demonstrated in biologi- 2003a,b, 2004; Bonadonna and Nevitt, 2004
cally relevant contexts, including orientation in homing Edinger (1908)and many others (reviewed by
Roper, 1999 assumed that the relative olfactory bulb
mpondmg author. Tel.: +33 4 67 6132 12: size (ROBS), i.e. the_ rat!o olfactory bulb/_braln hemi-
fax: 4334 67 41 21 38. sphere of each species is related to the importance of
E-mail address: adele.mennerat@cefe.cnrs.fr (A. Mennerat). its olfactory capabilities. According to a comparative
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study of the ROBS of 108 species from 21 avian 2. Materials and methods
orders, Passeriformes, together with Psittaciformes,
possess the smallest ROBS of all studied ordéan(y 2.1. Birds
and Cobb, 1968 Thus, in theory, passerine birds and
parrots should have weak olfactory capacities. How-  Thirty-nine blue tits (20 males and two females
ever, Clark and colleagues demonstrated with differ- from Corsica, 17 females from the surroundings of
ent experimental approaches that a passerine bird, theMontpellier, France) were used for the conditioning
European starlingSgurnus vulgaris), is sensitive to experiments carried out in outdoor aviaries between
volatile compounds emitted by the plants used for nest 19th June and 3rd July 2004. Birds were held in large
building (Clark and Mason, 1987; Clark and Smeraski, outdoor aviaries (27 #) at the field station of the Cen-
1990. In addition, recent conditioning experiments tre d’Ecologie Fonctionnelle et Evolutive Laboratory
indicate that some parrots are able to associate an odou{CNRS), Montpellier, France (sdeambrechts et al.,
with a food reward Roper, 2003; Hagelin, 2004In 1997, 199%or description of the aviaries). All birds
particular,Roper (2003kuccessfully trained two cap- had been held in captivity for more than 3 months. Tits
tive yellow-backed chattering Loridsorius garrulus were fed with a diet of cake, apple, mealworms (larvae
Sflavopalliatus to distinguish an odorant dispenser con- of Tenebrio molitor) and sunflower seeds from a per-
taining nectar from an odourless dispenser containing manent feeder. Food and fresh water were delivered ad
water. This study suggests that even some birds with libitum. The survival probabilities and physical condi-
small olfactory apparatus are able to use olfaction to tion of the captive blue tits were at least as high as those
find a food resource, and provides a simple experi- observed inthe free-living populations (cmbrechts
mental design to test for birds’ capabilities to associate et al., 1997, 1999; Braillet et al., 20D2
odours and resources.

In the blue tit from Corsic®arus caeruleus oglias- 2.2. Conditioning experiment and training
trae, a small hole-breeding passerine bird, females
deposit fragments of several aromatic herbs (e.g. laven-  The conditioning apparatus used to train the birds to
der, mint) on the top of the nest cup between the associate food with an odour cue was a tripod of 1.30 m
onset of egg laying and the time chicks leave the nest high supporting a horizontal perch of 60 cm long. The
(Lambrechts and Dos Santos, 2p0During the incu- horizontal perch was equipped with two identical cylin-
bation and rearing period, they regularly bring new drical, non-transparent plastic feeder boxes (tubes of
aromatic herb fragments in the nest, also after experi- 30 cm high and 10 cm diameter with two 2.5 cm oppo-
mental removallambrechts and Dos Santos, 2D00 site holes and a removable non-transparent lid). The
Field experiments indicate that free-ranging female distance between the two boxes fixed on the horizontal
blue tits use olfactory cues in the nest cavity to deter- perch was 60 cm. These feeder boxes were different in
mine the frequency with which they replenish the nest form and shape from the feeder that was permanently
cup with fresh aromatic herb fragmen®etit et al., available in the aviaries. The content of the two feeder
2002. In a preliminary conditioning experiment, cap- boxes was visible and accessible to tits only when they
tive breeding Corsican blue tits have been successfully perched on one of two holes and looked inside the
trained to associate lavender odour with a food reward, box. RingwormsGalleria sp.), which constitute a very
although the small sample size did not allow for further attractive kind of food to captive blue tits, were used as
analysis, especially for comparison between male and reward in our conditioning experiment.
female behaviours (Fossette et al., unpublished). During a training session lasting 10 days, live ring-

Here we present the results of an additional condi- worms were associated with odour of lavender. Per
tioning experiment, where captive Corsican and conti- tripod, one feeder box, called “odour+”, contained both
nental blue tits during the breeding period were trained five ringworms and lavender odour diffused by two
to associate and use odour cues to find a food reward.drops on a piece of pottery (4 éyof both pure essen-
This is, to our knowledge, the first study that employed tial oils of Lavandula angustifolia andL. latifolia. The
olfactory conditioning in a non-domesticated passerine lavender oil was not in contact with ringworms. The
species in semi-naturalistic settings. other feeder box, called “odouf, contained a similar
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piece of pottery without lavender odour and without two feeder boxes, called “odour+”, contained lavender
ringworms. Tits could not see the experimenter prepar- odour. The other box, called “ododt, did not contain
ing the feeder boxes. The position of the feeder boxes lavender odour.
on the tripod was randomly assigned daily. In each In a preliminary experiment (Fossette et al., unpub-
aviary the pair of feeder boxes used was changed daily. lished) the feeder boxes were presented to the birds
Feeder boxes assigned to be without odour were neverduring the test period in the same way as during the
contaminated with lavender odour during previous tri- training period (i.e. with the feeder boxes on the tri-
als. pod). Here, the two feeder boxes were placed about 3 m
To pre-train tits to find ringworms in the feeder apartonthe ground. Our goal was to determine whether
boxes, we presented boxes without a lid during 3 tits would still be more attracted to the “odour+" box
days (1h per day in each aviary), so that subjects when forced both to feed on the ground and to detect
could see the feeder content (day® to 0). Dur- lavender odour at a distance from its source. Prelim-
ing the pre-training phase we did not quantify bird inary observations with captive blue tits showed that
behaviour towards the feeder boxes. Qualitative obser- they were also attracted by feeder boxes placed on the
vation revealed that birds mostly entered the boxes from ground (S. Fossette, pers. commun.).
the top and not from one of the two holes. In addition, in the preliminary experiment carried
Once pre-trained to visit feeder boxes without a out by Fossette et al. (unpublished), reinforcement was
lid, birds were trained to visit the boxes with a lid performed 4 days after the beginning of the test, when
during the next 7 days. During the training phase tits were still significantly attracted to the “odour+”
(days 1-7), the feeder boxes were presented 15 min perfeeder box. Consequently, the duration of the tits’
day in each aviary and one observer (AM) quantified response to olfactory conditioning could not be estab-
bird behaviour during feeder visits. These observations lished from that experiment. In our experiment, no
prior to the test phase allowed us to check whether reinforcement was performed during the test phase, so
the birds: (1) quickly learned to enter the feeder boxes that we were able to test attraction to the “odour+” box
through one of the two holes, which was the case, and during eight consecutive test days.
(2) were more attracted to the feeder box containing  The same observer (AM) quantified bird behaviour
both the odour and the food reward than the odourless for 15 min after the feeder boxes were placed on the
feeder box not containing a food reward. Birds that ground in each given aviary. We expected that tits,
were efficiently trained should be significantly more having associated lavender odour with presence of ring-
attracted to the feeder box containing both the odour worms, would approach feeder box “odour+” first,
cue and the food reward at the end of the training phase.and would visit box “odour+” more often than box
We used two kinds of behaviour to determine which “odour—". To stimulate tits visiting feeder boxes, meal-
of the two feeder boxes was chosen and visited most worms were removed from the permanent feeder dur-
during the observation periods. Every time a given bird: ing each 15 min test period. Birds still had the option to
(1) put its head in the hole of a box, and/or (2) entered eat cake, apple, or sunflower seeds that were available
a box, the choice between the feeder boxes was consid-in the permanent feeder during the test phase, so that
ered done. The birds sometimes perched on the lids ofthey were not penalised by the total absence of food.
the boxes before making the choice to inspect them or Most of the time birds first perched somewhere on the
not, but most of the time they chose them while flying ground and then approached one of the feeder boxes

around or perching on surrounding vegetation. before choosing to inspect it or not. Only a few times
did the birds directly perch on the lid of a box before
2.3. Test phase making a choice.

Blue tits were tested during eight consecutive days 2.4. Statistical analysis
following the training phase (days 8-15). During each
day of the test phase, two feeder boxes with a lid, = Some individuals did not visit feeder boxes during
but without ringworms, were prepared. Tits could not some observation periods. Consequently, to obtain suf-
see the experimenter preparing the boxes. One of theficient sample sizes for analyses, we pooled the visits



A. Mennerat et al. / Behavioural Processes 70 (2005) 264-270 267

. Females Il. Males
1,8 1,8
] N=18; NS
@ 1,6
B _ 1,4 1
> ®©
49- _:3: 1,2 1
== 11
=
°c 0,8 1
D =
.g 8_ 0,6
5 0,4 1
o
0,2 1
O g
(a) odour+ odour- odour+ odour-

2,25
N=8; P<0.05

n
1

1,754
1,51
1,251

_—y
!

0,754
0,54
0,25+

number of first visits
per individual

—_
o
=
(=]
L

odour+ odour- odour+ odour-

o
[
L
2

N=5; NS N=12; P<0.05

n
N W
o
w
\

number of first visits
per individual
- %

0,54
0.
(c) odour+ odour- odour+ odour-
81 8
7] N=10; NS 7] N=13; P<0.05

total number of visits
per individual

(d) odour+ odour- odour+ odour-

Fig. 1. Number of first visits per individual (meanS.E.) during: (a) the first three training days, (b) the last four training days, (c) the test
phase, and (d) total number of visits per individual (m&s®.E.) during the test phase to the feeder boxes with lavender odour (odour+) and
without lavender odour (odo). |, females; Il, malesV, number of individuals (i.e. number of paired values to which the Wilcoxon’s signed
rank test was applied). Results of one-tailed Wilcoxon’s signed-rank tests are indicated (NS, non sigAjfieanatue).
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to feeder boxes for a given individual across: (1) the also made a significantly greater number of visits to
first three training days, (2) the last four training days the feeder boxes than females (Mann—Whitbetest,
and (3) all test days. z=-—1.968,P =0.049). During the first three training
For each period, the numbers of visits to feeder days, neither the males nor the females visited first
boxes with and without lavender odour were compared more often the feeder box with food and lavender
using a one-tailed Wilcoxon’s signed rank test. This test odour than the odourless empty feeder box (Wilcoxon’s
was applied to the number of visits to the “odour+” and signed rank test, one-tailed, NSJig. 1a). During the
“odour—" feeder boxes (paired data) made by individ- last four training days, however, birds of both sexes
uals that visited at least one of the feeder boxes once.visited first significantly more often the feeder box
One-tailed tests were performed for three reasons. First,that contained food and lavender odour than the odour-
a preliminary experiment suggested that captive blue less empty feeder box (Wilcoxon’s signed rank test,
tits, when previously conditioned, were more attracted one-tailed,P <0.05 for both sexes)Hg. 1b), which
to an empty feeder box containing lavender odour than indicates that training was successful.
an odourless feeder box (Fossette et al., unpublished). During the test period, 13 males and 10 females
Second, the observations carried out during the train- visited the feeder boxes. The number of individu-
ing phase indicated that tits did not particularly avoid als visiting the boxes constantly decreased over the
the feeder box containing lavender odour. Third, the succession of days. The first individual to visit the
aviary experiment was carried out during the reproduc- feeder boxes was more often a male than a female
tive period, i.e. when the tits bring lavender fragments (Mann-WhitneyU-test,z = —2.946,P = 0.003). Males
to the nest in Corsica (see Sectibn also made a significantly greater number of visits
For each period, the numbers of times that birds to the boxes than females (Mann—Whitnéjtest,
visited first the “odour+” and the “odout’ feeder z7=—2.512,P=0.011). One male visited first signif-
boxes were compared. Aviaries contained both a male icantly more often the “odour+” than the “odout
and a female blue tit; an individual could thus poten- feeder box (“odour+"=6, “odour” = 0, binomial test,
tially copy food-searching behaviour of its mate finding P <0.05). As a whole, male blue tits visited first sig-
a food reward. Therefore, in order to avoid “leader- nificantly more often the “odour+" than the “odedt
follower” situations, we took into account the first feeder boxes (Wilcoxon’s signed rank test, one-tailed,
visit of a bird only when it was the first individual P<0.05). The difference was not significant for
of its aviary to explore the feeder boxes. For the test females (Wilcoxon’s signed rank test, one-tailed, NS)
period, the total numbers of visits made to the “odour+”  (Fig. 1c). One male and one female made a significantly
and “odour-" feeder boxes were also compared. Food greater total number of visits to the “odour+” feeder
rewards were however not provided during the test, so box than to the “odout” feeder box during the test
copying behaviour was not rewarding. Regarding the phase (male: “odour+” =13, “odow’=1, binomial
total number of visits to each feeder box, we there- test,P <0.001; female: “odour+” =26, “odow” =12,
fore considered all visits made by a given individual binomial test,P <0.05). As a whole, males made a
across the whole test period. The individual preference greater total number of visits to the “odour+” than
of each bird for one of the two feeder boxes was tested the “odour" feeder box (Wilcoxon’s signed rank
by a binomial test, applied to the total number of vis- test, one-tailedP <0.05), whereas females did not
its made by each given bird to the “odour+” and the (Wilcoxon’s signed rank test, one-tailed, NE)d. 1d).
“odour—" feeder boxes during the test phase.

4. Discussion
3. Results
Here we provide experimental evidence for the
During the training phase, 20 males and 17 females existence of olfactory abilities in males of a non-
visited the feeder boxes. The first individual to visit domesticated passerine bird, using an operant con-
the feeder boxes was more often a male than a femaleditioning experiment in semi-naturalistic outdoor
(Mann-WhitneyU-test,z = —3.931,P < 10~4). Males aviaries during the breeding season.
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European starlings are known to be sensitive to It might therefore be more difficult for them to apply
plant odour cues at the time these cues are used toolfaction to the feeding context. Whatever the cause,
find resources, that is during the reproductive period females in the presence of a male did not visit the
when parents, especially males, look for herbs to build feeder boxes often enough to allow for clear conclu-
nests Clark and Mason, 1987 Olfactory abilities to sions on their olfactory abilities in a food-searching
detect these plant odours seem to decrease outsideontext.
the breeding season in this passerine bth(k and To conclude, our study supports the broad hint, first
Smeraski, 1990 Our experiment was carried out dur-  given by experiments dPetit et al. (2002)that blue
ing the breeding season, i.e. a period that free-rangingtits use their sense of smell, despite their small olfac-
female blue tits incorporate lavender and other aro- tory neuroanatomy. Clearly, other experiments will be
matic plants in the nest, and use volatile compounds of required to find out why females behaved differently
these herbs to maintain an aromatic environment in the from males in a conditioning context, and how, and to
nest cavity Petit et al., 200R Here, we show that male  what extent, free-ranging passerine birds use olfaction
blue tits from Corsica are sensitive to lavender odour to find natural resources essential for reproduction and
as well. Because males do not contribute to nest build- survival.
ing in free-ranging blue tit populations, this finding
suggests that they can use olfaction in a context other
than nest building. For instance, male olfaction might Acknowledgements
be used to detect the volatile compounds emitted by
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