Chapter 13

Exploring the Use of Olfactory Cues

in a Nonsocial Context in Zebra Finches
(Taeniopygia guttata)

E. Tobias Krause, Johanna Kabbert, and Barbara A. Caspers

13.1 Introduction

The use of chemical signals in bird communication received increasing attention
over the last years (Roper 1999; Hagelin and Jones 2007; Caro and Balthazart 2010;
Caspers and Krause 2013; Caro et al. 2015). Several avian taxa have been found to
make use of olfactory cues in numerous contexts (Table 13.1). Even songbirds have
been shown to be able to use their sense of smell, although they have been long
thought to be anosmic due to their relative small olfactory bulbs (Bang and Cobb
1968) and the lack of obvious odor-guided behavior. However, several studies
revealed that songbirds, including the zebra finch, possess numerous olfactory
receptor genes (Steiger et al. 2008, 2009; Warren et al. 2010). The zebra finch is one
of the most used avian laboratory model organisms (Zann 1996; Griffith and
Buchanan 2010). As all songbirds, zebra finches are mainly visual and acoustically
dominated (Zann 1996), but apart from these sensory modalities they make also use
of olfactory cues in several social contexts. Fledglings as well as mothers can dis-
tinguish between their own and a conspecifics nest based on olfactory cues (Caspers
and Krause 2011; Krause and Caspers 2012; Kohlwey et al. 2015; Fig. 13.1a).
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Table 13.1 Some examples when olfactory cues are used in nonsocial context by birds

Nonsocial context Species Reference
(a) Navigation Pigeons Papi et al. (1974),
Gagliardo (2013)

Antarctic prions

Nevitt and Bonadonna (2005)

Cory’s shearwaters

Gagliardo et al. (2013)

Catbird

Holland et al. (2009)

(b) Foraging Blue tit Mennerat et al. (2005)
Great tit Amo et al. (2013)
Several procellariiformes Nevitt et al. (1995)
Penguins Wright et al. (2011)

(c) Response to predators cues Blue tit Amo et al (2008)
House finch Roth et al. (2008)
Chicken Zidar and Lgvlie (2012)

(d) Nest material selection Blue tit Petit et al. (2002)

Mennerat (2008)

Mennerat et al. (2009)

European starlings

Gwinner and Berger (2008)
Gwinner (2013)

Fig. 13.1 (a) Fledgling zebra finch at the entrance of its natal nest, zebra finches fledge at an age
of around 19 days post-hatching; (b) a zebra finch brood shortly after hatching, one of the chicks
is raising the head for begging; and (c) interspecific interaction between a diamond firetail (front)
and a zebra finch
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Zebra finch chicks learn around hatching (Fig. 13.1b) the scent of their family
(Caspers et al. 2013) and can use odors to discriminate kin from non-kin (Krause
et al. 2012). Odor also seems to play a role at an interspecific level as zebra finches
have different olfactory fingerprints than individuals from a sympatric close-related
species and can use those to distinguish between the scent of conspecifics and het-
erospecifics (Krause et al. 2014; Fig. 13.1c). Our studies so far focused on the use
of chemical cues for social communication. Here we explore the use of olfactory
cues in zebra finches (Taeniopygia guttata) in a nonsocial context without any semi-
ochemical cues.

Here we put our emphasis on the use of olfaction for foraging. Zebra finches are
granivores that usually forage on the ground (Zann 1996). In experimental contexts,
food can be used as a good motivational stimulus to engage birds in learning and/or
exploration tasks (Bischof et al. 2006; Boogert et al. 2008; Krause and Naguib
2011; Brust et al. 2014). A previous study explored the role of olfactory cues in a
foraging-related context. Kelly and Marples (2004) suggested that neophobia to a
familiar food was not triggered when additionally a new artificial odor was pre-
sented. Neophobia was induced when the food was dyed in a new color or when the
new color of the food was accompanied by the new artificial odor. We wanted to
investigate whether zebra finches can use the scent of their known food alone to
locate the food patch.

13.2 Methods

We used 23 adult zebra finch females from the domesticated lab stock at Bielefeld
University (Forstmeier et al. 2007; Hoffman et al. 2014). The birds were kept in
single-sex groups of 3—4 birds in cages (30x40x 83 cm). The birds had ad libitum
access to standard seed food and water and received a mixture of germinated seeds
and egg food (CéDé Premium Eggfood) once a week. The floor of each cage was
cleaned twice a week. All birds were housed in the experimental room with a light—
dark cycle of 14:10 h. No other birds were housed in this room.

13.2.1 Olfactory Foraging Experiment

The test arena consisted of four identical choice arms and one start box (Fig. 13.2a).
It was built out of gray plastic (PVC) and was covered during the test by transparent
Plexiglas, to avoid birds from escaping. In each of the four choice arms, a wooden
divider was located (Fig. 13.2b). The wooden dividers were varnished with white
paint. Behind this divider the odor samples or controls were located, in a way that
the birds needed to hop around the divider to see the sample behind. Each divider
had small holes (Fig. 13.2¢) with a slope of 45°. This way we guaranteed that an air
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Fig. 13.2 Experimental test arena. (a) Test arena from a top view perspective. The arena consisted
of four arms where food could potentially be hidden behind dividers. The birds are released to the
test arena from a start box. (b) Each divider has small holes that allowed an airstream to pass
through, created by a fan. (¢) Holes in the dividers had a slope of about 45° to prevent birds from
looking through the holes

stream could pass through the barrier, whereas birds cannot look through. Behind
the dividers a white plastic food dish for odor samples or controls and a small fan
were placed (Fig. 13.2¢). In the experiments, in three of the four arms, the food dish
remained empty (control) and in only one arm food was placed in the respective
dish to provide a food-related odor. The fans ran in all four arms. A mixture of ger-
minated seeds and protein-rich egg food was used as the food sample. This food
represents high-quality nutrition to zebra finches (e.g., Krause and Naguib 2011).
We used the odor of the bird’s familiar food only, as we wanted to know whether in
their daily life, food-related cues might be potentially relevant. Despite this, germi-
nated seeds are a natural food source (Zann 1996) and zebra finches in natural popu-
lation also occasionally take in insects (Zann and Straw 1984). After each trial the
entire test arena was uncovered from the Plexiglas to allow an air exchange with
fresh air. After the habituation period and after each experimental trial, the arena
and the plastic food dishes were cleaned with 70 % ethanol and water. All experi-
ments were observed using four wireless cameras (dnt, QuattSecure Profiset).
Individuals were habituated to the arena before the tests began. Therefore, a
group of 3—4 birds (i.e., all birds from their home cage) was housed inside the
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arena for 48 h. During this habituation period, water was provided in the central
area of the test arena and food was offered in each of the four arms visible to the
birds beside the dividers. The start box was not accessible to birds during the
habituation phase. Birds were deprived for food in their home cages for about 3 h
(mean, 213 min + 45 min S.D.) prior to the experiment, to ensure that they partici-
pate in the behavioral experiments (Krause and Naguib 2011). Each bird was
tested individually at four subsequent days and on four trials per day. At the begin-
ning of each trial, birds were placed in the start box and were allowed to habituate
there for three minutes. Thereafter, the start box was opened and the birds were
individually released to the test arena. During the experiments a fan in each arm
created an air stream directed to the center of the arena. Only one of the four air
streams transported the smell of food. The location of the food rewarded arm
was randomly altered in each trial. Each trial lasted up to 15 min. If a bird located
the food in a trial, it was allowed to feed for 10 s before the trial ended. The four
trials each day were conducted in a row.

We recorded in each trial and measured on a daily average basis: (1) the latency
to leave the start box, (2) the first choice (whether it was correct (=1) or not (=0), the
chance level was 0.25), (3) the time to enter the rewarded arm, (4) the time to find
the food (i.e., looking behind the barrier in the rewarded arm), and (5) the number
of errors (i.e., entering wrong arms). The first choice has been shown to be a valid
measure in olfactory choice experiments (e.g., Bonadonna et al. 2006; Amo et al.
2012; Krause et al. 2014).

13.2.2 Statistical Analysis

All measures were analyzed as a mean for each respective experimental day (1-4).
We analyzed the average first choices with one-sample t-tests, testing whether the
bird’s performance differed significantly from the expected probability that the
choice was correct (1/4, i.e., 0.25) by chance. Performance significantly better than
chance level would indicate that they have used olfactory cues to find the food. We
further tested whether the bird’s performance differed between days using a
Friedman test. With this test we examined whether their performance improved
over time, i.e., whether the bird, for example, learned to use olfactory cues to search
the food in the tests. The average first choices were analyzed for correlation across
the four experimental days using Spearman rank correlations; however due to mul-
tiple comparisons the p-values of all correlation have been Bonferroni corrected.
The average time to leave the start boxes, to enter the correct arm, and to find the
food and the number of errors were analyzed using a Friedman test, to check
whether the performance of the birds improved over time or not. All tests were
calculated using SPSS 22.
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13.3 Results

13.3.1 First Choice

The mean first choice at all days of the birds was not significantly different from
chance level (0.25) at any of the 4 days (all one-sample t-tests, >-0.42, p>0.68;
Fig. 13.3a). Birds did not show any improvement over the subsequent 4 days
(Friedman test, df =3, X>=4.05, p=0.26; Fig. 13.3a). However, the mean first choice
ratio between day 3 and day 4 correlated significantly (Fig. 13.3b; Table 13.2).

13.3.2 Latency for Leaving the Start Box

Birds in general left the start box relatively fast, but latency for leaving the start box
reduced significantly over days (medians: day 1, 3.3 s; day 2, 2.5 s; day 3, 1.3 s; day
4, 1.5 s; Friedman test; N=23, df =3, X*>=21.24, p=0.00009).

L
=

1,0 4 1,0 .

F

208 Z 08

@ =

® 2 ]

£ 06 1 s 06

5 3

2 504

g E o021

Q c

E 3
E 0,0 .

day1l day2 day3 day4 0,0 0,2 04 0,6 08 1,0

mean first choice ratio (day 3)

Fig. 13.3 (a) Birds’ first choice in the test arena shown as means (+ SE) for all four test days. The
dashed line indicates the chance level, i.e., here 0.25. (b) Significant correlation between the mean
first choices at days 3 and 4 of testing in the arena. Some data point overlap

Table 13.2 The Spearman correlations of the average first choices of all four testing days are
shown. The p-values in all cases have been Bonferroni corrected as indicated by p#-values

Mean first choice ratio

Day 1 Day 2 Day 3 Day 4
Day 1 - r=-0.18 r=0.01 r=-0.35
pi=1 pi=1 pi=1
Day 2 - r=0.12 r=0.09
py=1 pi=1
Day 3 - r=0.87

p+=0.0001
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13.3.3 Time to Enter Rewarded Arm

The time to enter the correct arm did not differ significantly between days, i.e., birds
did not become faster (medians: day 1, 620 s; day 2, 552 s; day 3, 687 s; day 4, 631
s; Friedman test N=23, df=3, X*=1.57, p=0.67).

13.3.4 Time to Find the Food

The time to find the food did not differ between days and the birds did not become
faster in finding the food over the 4 days (Friedman test, N=23, df=3, X*=1.35,
p=0.14; Fig. 13.4).

13.3.5 Number of Errors

The mean number of errors did not differ between days (Friedman test, N=23,
df=3, X*=3.93, p=0.27; Fig. 13.5). The error rate, i.e., number of errors per time in
the test, did not differ across test days (median errors per min, day 1, 0.20; day 2,
0.29; day 3, 0.05; day 4, 0.11; Friedman N=23, df=3, X>*=1.09, p=0.78).
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Fig. 13.4 The median time to find the food did not significantly improve over days. Birds showed
no training effect, with respect to this parameter. Shown are box plots with median and the quar-
tiles. The dots represent outliers, i.e., data points that lie outside the 10th and 90th percentiles
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Fig. 13.5 The median number of errors did not significantly decrease over days, indicating that no
training effect occurs. Shown are box plots with median and the quartiles. The dots represent outli-
ers, i.e., data points that lie outside the 10th and 90th percentiles

13.4 Discussion

Although zebra finches are known to be able to use olfactory cues for social
communication (Krause et al. 2012, 2014; Caspers et al. 2013), our present data
shows that they do not seem to use olfactory cues in every context. Zebra finches
found the food at none of the four experimental days at a higher probability than at
chance level. In addition, the time to find the food and the number of errors until
ending up at the food did not improve over time. Zebra finches become faster over
the different test days in leaving the start box which might indicate that they become
more familiar with the experimental setup and the testing procedures.

This suggests that zebra finches do not primarily rely on olfactory cues while
foraging and that the use of olfaction is context dependent in this species. However,
their first choices were correlated at the last two days of testing probably giving at
least a hint that some initiated an association between the odor of the food and the
respective location. In this nonsocial foraging context, investigated here, zebra
finches might not primarily rely on chemical cues, which may highlight the context
specificity of chemical communication in birds and songbirds in particular. Although
other birds, including passerines (e.g., Mennerat et al. 2005) and non-passerines
(e.g., Nevitt et al. 1995, Wright et al. 2011), have been shown to use chemical cues
for foraging, it always needs to be considered that different species are faced with
different natural environments and different selective pressures. Zebra finches forage
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mainly on seeds, which can probably be easily located by vision. The context speci-
ficity has also been found to be important in social contexts, where adult zebra finch
females react differently to their own nest odor depending on age of their chicks and
the stimulus odor that is presented simultaneously (Krause and Caspers 2012).

It might also be possible that zebra finches do not learn this task. Kelly and
Marples (2004) found a similar pattern although they aimed to initiate aversive reac-
tions. However, in other context, such as spatial learning, it is possible to train zebra
finches to learn the association between location and food (e.g., Krause and Naguib
2011; Mayer et al. 2010). An alternative explanation might be that the food-related
odor used in our apparatus was not strong enough to be located by the zebra finches
or that turbulences in the air streams inhibit the birds to find the food in our arena.
It would be interesting to test whether zebra finches can find food when the stimuli
are reinforced by artificial odors (e.g., Wiirdinger 1990). As we wanted to investi-
gate whether food-related odors may play a role in the normal housing conditions,
we used a food source our zebra finches are quite familiar with.

It could also be possible that zebra finches do not use food-related odors directly,
but odors that are linked to the foraging sites as it is known from Procellariiformes
and great tits. Procellariiformes, for example, use dimethyl sulfide (DMS) as a for-
aging cue (Nevitt et al. 1995). DMS is produced by phytoplankton and is an indica-
tor for productive areas. Great tits use chemical cues of infested plants to locate
potential insect prey items (Amo et al. 2013). Although this is a fascinating idea, it
has so far only been demonstrated in non-herbivorous species, in which the prey is
feeding on plants and the plants release olfactory cues. It seems rather unlikely that
a similar mechanism may be present in herbivore species, but we cannot rule out
this possibility and it might be interesting to explore this idea in future studies.

Whether zebra finches have not perceived or just did not react to the food-related
odors cannot fully be answered here. However, it seems extremely unlikely that they
cannot perceive the odors as they have been shown to be able to smell in several
other experimental studies, but in other mainly social context (Caspers and Krause
2011; Krause et al. 2012; Krause and Caspers 2012; Caspers et al. 2013; Krause
et al. 2014). The fact that the outcomes of the third and fourth trial are highly cor-
related might lead to the conclusion that longer training and testing procedures are
needed to train zebra finches to locate food on the basis of smell. This needs to be
tested in future experiments. At the moment we can summarize that olfactory cues
do not seem to be of major importance for foraging in zebra finches. Taken together,
we have shown that the use of chemical cues may be context dependent in zebra
finches. In a nonsocial context, such as individual foraging, olfactory cues do seem
not to play a primarily role. However, based on previous work, it is well docu-
mented that in social context olfactory cues provide an important source of informa-
tion to these birds (Caspers et al. 2013; Krause et al. 2012, 2014).
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