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Abstract The pigeon is a standard animal in comparative
psychology and is frequently used to investigate visuo-
cognitive functions. Nonetheless, the strategies that
pigeons use to discriminate complex visual stimuli remain
a difficult area of study. In search of a reliable method to
identify features that control the discrimination behaviour,
pecking location was tracked using touch screen technol-
ogy in a people-absent/people-present discrimination task.
The correct stimuli contained human figures anywhere on
the picture, but the birds were not required to peck on that
part. However, the stimuli were designed in a way that only
the human figures contained distinguishing information.
All pigeons focused their pecks on a subarea of the dis-
tinctive human figures, namely the heads. Removal of the
heads significantly impaired performance, while removal
of other distinctive parts did not. Thus, peck tracking
reveals the location within a complex visual stimulus that
controls discrimination behaviour, and might be a valuable

L. Dittrich (>X) - J. Rose - O. Giintiirkiin

Department of Psychology, Institute for Cognitive Neuroscience,
Biopsychology, Ruhr-University Bochum, GAFO 05/618,
44780 Bochum, Germany

e-mail: lars.dittrich@rub.de

L. Dittrich

International Graduate School of Neuroscience,
Ruhr-University Bochum, FNO 01/114,

44801 Bochum, Germany

J.-U. F. Buschmann
FBI Science GmbH, Kruppstrasse 82-100,
45145 Essen, Germany

M. Bourdonnais

Laboratoire de Neurobiologie sensorielle, INRA,
Domaine de Vilvert, 78352 Jouy-en-Josas, France

Published online: 26 June 2009

tool to reveal the strategies pigeons apply in visual dis-
crimination tasks.

Keywords Response location - Touch screen -
Feature - Visual discrimination

Introduction

The pigeon (Columba livia) is a widely used animal in
comparative psychology. Due to their excellent visual
abilities, pigeons are particularly studied in the field of
visuocognitive research. These studies have significantly
advanced our knowledge in topics such as visual catego-
rization (Huber 2001), part/whole processing (Cook 2001)
and cerebral asymmetries (Manns and Giintiirkiin 2009).

One crucial step towards understanding the mechanisms
of visual processing is to identify the cognitive strategies
that are used to solve a given task. The applied strategy is
most likely influenced by the demands of the task, the
learning history, and also the perceptual aptitudes of an
animal. For example in a task that requires categorizing
human faces by gender, humans are more sensitive to
manipulations of shape, whereas pigeons are more sensi-
tive to manipulations of texture (Troje et al. 1999). The
reliable identification of the cues used by an animal in a
certain task is a prerequisite to pinpoint its discrimination
strategies. The identification of discrimination-relevant
cues, however, is a demanding problem in comparative
psychology and different approaches have been used to
accomplish this.

In one line of research, stimuli are maximally reduced in
their complexity to gain absolute control over the used
stimulus dimension (for critical review see Cook 1993).
The obvious drawback of this strategy is the departure from
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testing conditions that resemble reality. This can even
curtail the discovery of specific cognitive abilities of a
species. For example, the amazing categorization abilities
of pigeons were not discovered until photographs from
everyday scenes were introduced as stimuli (Herrnstein and
Loveland 1964).

In another line of research, effort is put into the identi-
fication of critical features in complex stimuli such as
photographs, which probably resemble natural conditions
more accurately. The most common approach is to
manipulate single features or stimulus dimensions and to
test the impact on performance (e.g. Aust and Huber 2002,
2003; Brown and Dooling 1993). However, the identifi-
cation of relevant features by manipulating them has some
major drawbacks. First, it introduces a bias by the prese-
lection of candidate cues. It might well be that an animal
uses a cue that is not explicitly manipulated by the
experimenter and is therefore not appropriately assessed.
Also, if for experimental reasons the test stimuli cannot be
presented as catch trials without feedback, the animals are
encouraged to acquire new strategies using the residual
information, which limits the conclusiveness of the results.
For example, Brown and Dooling (1993) found for bud-
gerigars that some stimulus characteristics that are not used
for discrimination when they are varied together with
others are used when they are varied alone. Moreover,
manipulating many stimulus dimensions and testing each
of them in a single experiment is a time consuming work
that was referred to by Cook (1993) as “almost
Sisyphean”.

An improved version of stimulus manipulation is the
bubbles method (Gosselin and Schyns 2001). Here, ran-
domly distributed windows reveal only part of the image.
Each stimulus location is then analysed for how often it
contributed to a successful discrimination. This method
offers many advantages, especially the comparability
between species (Gibson et al. 2005, 2007). Unfortunately,
the problem of possibly changing strategies during the
testing phase remains unsolved. The bubbles method even
seems to be especially sensitive for this effect. The test
stimuli cannot be presented as catch trials without feed-
back, because the salient window mask would likely cause
rapid extinction learning. In addition, each window loca-
tion has to be presented several times to be statistically
accessible. This leads to extended use of reinforced test
trials, which facilitates relearning due to residual
information.

Another widely used approach is post hoc assessment of
diagnostic features (e.g. Brown and Dooling 1992; Huber
et al. 2000; Lea and Ryan 1983; Lubow 1974). However,
for complex stimuli, it is likely that the exact features the
pigeons use are elusive to a merely subjective examination
by a species as distantly related as the human.

@ Springer

Sophisticated statistical tools, such as multidimensional
scaling or principal component analysis, bring with them
the fundamental problem of interpretation of the extracted
stimulus dimensions. Only few of them usually are as
straightforward as “colour” or “shape”. It might also be
that a calculated dimension matches the subjective
dimension used by an animal only partly (Gibson et al.
2005).

For primates, the visual features attended to normally
are indicated by gaze location (for review see Awh et al.
2006) and thus can be inferred by eye tracking methods
(Yarbus 1967). Rehder and Hoffman (2005) successfully
employed eye tracking to demonstrate that attentional
shifts towards distinctive stimulus dimensions precede
increases in performance during category learning. Com-
pared to the approaches mentioned above, this method
offers three advantages: (1) The locus of attention and its
changes can be observed over the whole course of acqui-
sition, thus providing information about cognitive pro-
cesses during learning. (2) No additional testing phase is
required, which excludes changes of strategy due to altered
informational content of the testing stimuli, and saves
experimental time. (3) There is no need to predefine can-
didate regions, which in other approaches might bias the
results. In contrast, the critical stimulus locations are
directly deduced from the behaviour of the subject.

Despite these advantages, tracking the sensory input
directly does not seem achievable in pigeons at present.
Eye tracking would be technically challenging. Saccades
are typically embedded in head thrusts (Wohlschliger et al.
1993), are sometimes asymmetric or even occur in one eye
only (Bloch et al. 1984), and are accompanied by oscilla-
tory eye movements that likely serve ocular perfusion
(Pettigrew et al. 1990; Yang et al. 2008). Overcoming these
problems, e.g. by referring to head position rather than eye
position, as has been done in other bird species (Kjaersg-
aard et al. 2008; Ohayon et al. 2008), would still not solve
a more general problem: In contrast to mammals and some
other birds (e.g. owls and peafowls), pigeons have two
distinct retinal areas that are specialized for acute vision
(for review see Giintiirkiin 2000). They can use information
from both of those areas within one task (Ortega et al.
2008), so that the processed information cannot be inferred
reliably from its retinal position.

A more feasible indicator of the critical visual cues
might be the pecking location. Jenkins and Sainsbury
(1970) trained pigeons to discriminate simple stimuli that
differed only with respect to the presence or absence of a
single feature. Using carbon paper and divided pecking
keys, they found that pecking was concentrated at the
diagnostic feature. It appeared more pronounced in late
than in early sessions, indicating that the cue only became
attractive for pecking after it had been learned to be



Anim Cogn

meaningful. Other studies confirmed this effect for visually
simple stimuli (Bermejo and Zeigler 1998; Goodale 1983;
Jenkins and Sainsbury 1970; Wasserman and Anderson
1974; Watanabe 1976; Wills et al., in press). Up to now,
only one publication has reported pecking location for a
discrimination of complex stimuli. Allan (1993) noted that
in a people-absent/people-present task pigeons tended to
peck more on the parts of the photographs that depicted a
human. Thus, pecking at the features that control dis-
crimination behaviour apparently generalizes to complex
stimuli. If this proves to be a strong and reliable effect,
pecking location could be a highly valuable tool to localize
critical features in complex stimuli, yet neglected for
decades.

The aim of the present study was to test if pecking
location can be used to localize the features that control
discrimination behaviour within complex stimuli. To link
with a frequently used stimulus type and for comparability
with a previous report (Allan 1993), we employed a peo-
ple-absent/people-present task with pigeons which already
had successfully participated in such a study (Yamazaki
et al. 2007). To nevertheless create a highly controlled
situation, we designed the stimuli in a way that rendered all
parts of the stimuli but the humans ambiguous. We chose
to apply touch screen technology in order to combine exact
examination of pecking location with exact numerical
analysis. We first aimed to see whether pigeons would peck
on the humans rather than on ambiguous stimulus parts, i.e.
if the pecks would focus reliably on the stimulus parts
which control discrimination behaviour. Subsequently, we
tested whether more densely pecked locations within the
human figures had gained more control over behaviour
than others by selectively removing them.

Methods
Animals

Six pigeons (C. livia) were used in the present study. They
were maintained at approximately 80% of their free feed-
ing weight. Water and grit were freely available. The
animals had previous experience with a similar people-
absent/people-present discrimination task, in which they
significantly generalized to unfamiliar instances of the
“human” category (Yamazaki et al. 2007). The present
study started 1 year after these experiments.

Apparatus
The experiment used an operant conditioning chamber

measuring 33.5 x 34 x 31.5 cm. On the front panel, a
Pocket PC with an analogue resistive touch screen (screen

size 5.35 x 7.13 cm, Axim X30, Dell Inc., Round Rock,
TX, USA) was mounted in a height of 7.5 cm. Pecking data
were transferred to a PC via an IO-warrior interface (FBI
Science GMBH, Essen, Germany). The PC was also used
for controlling the experiment and saving the data, using
OLCUS software (FBI Science GMBH). A food hopper
was mounted below the touch screen. The chamber was
illuminated by a house light (2 W).

Stimuli

In the preceding study (Yamazaki et al. 2007), the animals
had learned to categorize human versus non-human pic-
tures and had been able to generalize to novel pictures in
transfer tests. However, in such tasks, pigeons also make
use of item-specific cues that are not category relevant
(Aust and Huber 2001, 2003). In single cases, those might
not only be cues from the human figures but also prominent
background features. In order to test systematically if
pecking location indicates which part of a complex stim-
ulus controls a pigeon’s classification behaviour, we
designed stimuli in which the distinctive areas were known.
Those were photo collages in which only the human figure
could be used for discrimination; all other parts were non-
diagnostic. Pecking anywhere on the correct stimulus,
however, was reinforced.

For designing the stimuli, we took photographs from
the internet (http://www.gettyimages.com; http://www.
lophoto.com). Pictures with humans (S+) consisted of a
background with one or two human figures (whole body or
upper part of body) pasted on it. In addition, the photo of a
complex, non-living object was also pasted on the same
picture. This allows us to exclude the possibility that
enhanced pecking on the humans could be assigned to mere
foreground appearance or visual salience that could have
been introduced by the pasting procedure. Pictures without
humans (S—) consisted of the same background with two
non-living objects pasted on it. Three picture sets were
designed, each with different humans and objects. We used
three different background photos, one for each set. All sets
consisted of ten S+ and ten S—. Two S+ from set III were
later excluded from analysis because the human figures had
been unintentionally taken from familiar photos. However,
exclusion of these stimuli did not affect any of the pre-
sented results. In sets I and II, one of the objects of each S—
appeared also on an S+; the second one was unique for a
given S—. Thus, these sets were composed of stimuli that
differed in a symmetrical way (Jenkins and Sainsbury
1970). Theoretically, these sets could be discriminated by
recognizing objects on S— (feature negative discrimina-
tion). To exclude this possibility, stimuli in set III differed
in an asymmetrical way, thus, both of the objects on each
S— appeared also on an S+. In addition, in this set, the
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non-living objects and the humans had the same size within
a given S+ to exclude that enhanced pecking on the
humans could be assigned to size cues. Figure 1 depicts
some examples.

This stimulus design ensured that only the human fig-
ures could be used to identify a particular S+. Both the
background and the non-living foreground object appeared
also in S— and thus were ambiguous. Human figures and
non-living objects were balanced for appearance on either
side or centre of the stimulus. The size of the figures varied
between stimuli. The size of the presented stimuli was
128 x 128 pixels (2.84 x 2.84 cm). Two stimuli were
presented above one another with a distance of 0.71 cm.
For retraining before the experiment, stimuli from the
familiar pool of Yamazaki et al. (2007) were resized and
assigned to stimulus sets containing ten S+ and ten S—
each.

In a second experiment, we tested the role of the heads
of the human figures for discrimination. For each pigeon,
we selected 10 stimuli, each showing pronounced respon-
ses to the head region during training. In each stimulus, we
removed one-third of the human figure. In five of the
stimuli, the removed part included the heads; in five others
it only included parts of the remaining bodies. The two
groups of stimuli were balanced as far as possible for
performance and for belonging to one of the familiar
training sets for each pigeon. To obtain a homogeneous
stimulus set, the modified human figures were pasted on a
new background together with the corresponding non-

Fig. 1 Representative stimuli for experiment 1 (set III). The non-
human objects and the backgrounds appeared on S+ and S—, only the
human figures were distinctive
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human object that also belonged to them in the original set
(see Fig. 5). Negative stimuli were constructed from the
resulting non-human objects.

Pretraining

The pigeons were trained to peck on the touch screen with
an autoshaping procedure. After an intertrial interval of
20 s, a white circle with a diameter of 2.23 cm was pre-
sented for 10 s which was followed by a reward. Rewards
consisted of 3 s access to food in all used protocols. A peck
on the stimulus caused immediate access to food. As soon
as the pigeons responded in more than 80% of the trials,
they were transferred to a fixed ratio 1 (FR1) schedule, in
which food reward only occurred after a response. When
responding in 80% of the trials, they were transferred to
FR3 and thereafter to FR6, with three or six pecks required
to get a reward, respectively. In the FR schedules, the
stimulus was presented for 6 s or until the required pecks
occurred, the intertrial interval was 20 s. When the pigeons
succeeded in more than 80% of the trials in the FR6
schedule, they were transferred to the first retraining set.
Pigeons that did not start pecking on the retraining stimuli
were manually shaped to additional photographs from the
familiar pool. Stimulus sequences and positions were ran-
domized. Six pecks on S+ were followed by reward. A
single peck on S— was followed by 3 s of darkness (house
light off) for negative feedback. In case of responding to
S—, the stimulus pair was presented again but not counted
for analysis. When the pigeons performed reliably above
80% in two of the retraining sets, they were transferred to
the first experimental set.

Training

The schedule in the experimental set was as in retraining.
When the pigeons succeeded in at least 80% of the trials in
three consecutive sessions or 90% in two consecutive
sessions, they were transferred to the next training set. To
assure the accumulation of sufficient data for each training
set (I-11I), the pigeons performed at least 11 sessions, even
if they reached criterion before. The number of sessions
performed by each pigeon is indicated in Table 1. If cri-
terion was reached before the 11th session, the respective
session including the three criterion sessions is given in
parentheses. The pigeons are sorted by the mean number of
sessions required to reach criterion in all tables and figures.
The order of the sets was the same for all pigeons.

When the pigeons had completed set III, they were
transferred to the set with manipulated stimuli (parts of
human figures removed). As before, pecking six times on a
stimulus containing a human figure was rewarded, irre-
spective of how the figure was manipulated. In this
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Table 1 Number of sessions performed for each pigeon and each set

P1 P3 P4 P5 P6
Set I 11 (4) 11 (6) 13 11 13 11 (8)
Set II 26 14 38 40 61
Set III 11 (3) 11 (10) 17 11 (7) 11 (10) 13
Mean number of sessions to reach criterion 11 12.3 14.7 18.7 21 27.3
Values in parentheses represent sessions to criterion
experiment, each pigeon performed ten sessions, indepen- Results

dent from its performance. All sessions consisted of 50
trials.

Analysis

Only pecks that were performed in correct trials were
used for analysis of pecking location. In order to test the
amount of pecking on a region of interest for statistical
significance, we performed a Chi-square test for goodness
of fit. Effect sizes were determined by calculating
Cohen’s w (Cohen 1992). Small, medium and large effect
sizes were defined as w> 0.1, w> 0.3, and w > 0.5,
respectively. o was set to 0.05. The null hypothesis of a
uniform distribution of pecks was rejected when p < 0.05
and Cohen’s w > (0.1. The latter criterion was necessary
since we were not interested in trivial deviations from the
uniform distribution, which might be detected due to the
large number of data points available for each Chi-square
test. Thus, the term ‘significant’ is used for results that
meet both criteria.

To obtain a more intuitive measure, we calculated the
ratio between the observed probability to peck a region of
interest and the expected probability to peck the same
region, given a uniform distribution:

p(observed)/p(expected) = (pecks on ROI/all pecks)/
(size of ROI/size of stimulus),

(1)

where ROI is the region of interest. Unbiased pecking on
the stimulus results in a probability ratio of 1 for any region
of interest. A value of 2 would indicate that twice as many
pecks were performed on the region of interest as expected,
given any total number of pecks on the stimulus.

The regions of interest investigated in this study were
the whole human figures, the objects, the heads of the
humans, and the rest of the bodies. If two human figures
were present on a stimulus, the region of interest comprised
the relevant areas of both figures, e.g. both heads. For the
analysis of sets of trials, e.g. a whole session, the region of
interest comprised the relevant areas of all stimuli involved
and size of stimulus was the cumulative size of all stimuli
involved.

Visual inspection of the pecking patterns revealed that the
pigeons pecked predominantly at the distinctive parts of the
stimuli. Figure 2 shows representative pecking patterns for
pigeon P1. The pecks apparently were directed towards the
human figures. Within the human figures, pecking was
focused on the heads. Therefore, we calculated the proba-
bility ratios not only for pecking on the human figures and
on the non-human objects but also for pecking on the heads
of the human figures and on the rest of the bodies. In Fig. 3,
the probability ratios resulting from all performed trials
combined are depicted for each pigeon. All pigeons pecked
more on the human figures than expected given a uniform
distribution, resulting in a probability ratio higher than one
(Fig. 3). This was significant for five out of six pigeons
(Table 2). In contrast, five out of six pigeons pecked less
on the non-distinctive objects than expected, resulting in a
probability ratio below one (Fig. 3). This was significant
for two of the pigeons (Table 2). Pecking on the heads was
significant for all six pigeons (Table 2). Four out of six
pigeons pecked significantly above chance level also on the
rest of the bodies, whereas one pigeon pecked on the bodies
significantly below chance level (Table 2). Since the exact
values of the probability ratios directly depend on the size
of the regions of interest, the options for a direct compar-
ison between those ratios for regions of different size are
limited. However, heads and bodies are subareas of the
same human figures. Reduction of the size of the region of
interest caused an increase in the probability ratios when it
was reduced to the heads while it caused a decrease when it
was reduced to the bodies. This was found for all pigeons
(Fig. 3) and clearly confirms the observation that pecks
were focused particularly on the heads within the human
figures.

In order to test if improvements in performance during
training were paralleled by changes in the amount of
focusing on the distinctive areas of the stimuli, we calcu-
lated the probability ratios for human figures for each ses-
sion separately. The probability ratios correlated positively
with performance for three out of six pigeons (Fig. 4a). The
probability ratios for non-distinctive objects correlated
negatively with performance for five out of six pigeons
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Fig. 2 Representative pecking patterns of pigeon P1. Left column
Single location plots. Each pecked locus is indicated by a red dot.
Right column Contour plots of same examples. These plots visualize
also repeated pecking at the same locus. Colour codes the number of
pecks, see bars on the right. Bin size is indicated by white square on
top left of each picture. The probability ratios for pecking on the
humans are from top row to bottom row: 1.76, 2.98, 4.06, and 2.94

(Fig. 4b). Thus, the more the pigeons learned to discrimi-
nate the stimuli, the less they pecked on the non-distinctive
objects and, by trend, the more they pecked on the dis-
tinctive human figures. It should be noted that for all
pigeons the probability ratios for human figures were above
chance level even in the first session (geometric mean 1.87).

Manipulations of the human figures revealed that
removal of the pecked-at regions—the human heads—had
a significant impact on discrimination performance while
removal of other distinctive subareas had not. Mean per-
formances of all ten sessions with manipulated stimuli
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Fig. 3 Probability ratios for the different regions of interest for each
pigeon. Probability ratios were calculated across all trials. Chance
level = 1. For N, see Table 2. The scale is logarithmic in order to
display the values above and below chance in a comparable way

Table 2 Chi-square tests for the observed pecking patterns during
training for different regions of interest

N Human Object

e p w 7o w

Pl 10,056 10,311.00 <0.001 1.01 (+) 15.53 <0.001 0.04
P2 8,928 1,601.30 <0.001 0.42 (+) 21.91 <0.001 0.05
P3 8,946 4,081.40 <0.001 0.68 (+) 135.17 <0.001 0.12 (—)
P4 12,600 1,806.20 <0.001 0.38 (+) 33.21 <0.001 0.05
P5 12,366 9,459.50 <0.001 0.88 (+) 4.87 0.027 0.02

P6 17,688 91.30 <0.001 0.07 39748 <0.001 0.15 (-)
N Head Body
7 p w 7 p w

Pl 10,056 16,453.00 <0.001 1.28 (+) 2,020.10 <0.001 0.45 (+)

P2 8,928 4,712.30 <0.001 0.73 (+) 4527 <0.001 0.07
P3 8,946 7,602.10 <0.001 0.92 (+) 481.44 <0.001 0.23 (+)
P4 12,600 4,634.40 <0.001 0.61 (+) 14175 <0.001 0.11 (+)

P5 12,366 11,262.00 <0.001 0.95 (+) 2,686.00 <0.001 0.47 (+)
P6 17,688 3,060.50 <0.001 0.42 (+) 325.35 <0.001 0.14 (—)

Bold values represent significant deviations from the uniform distri-
bution, with more (4) or less (—) pecks on the region of interest than
expected, df = 1

were subjected to a 2 x 2 analysis of variance (ANOVA)
with repeated measures, with “manipulation” (before,
after) and “stimulus group” (“head”, “no head”) as
within-subject factors. The ANOVA revealed main effects
for “manipulation” (F;s = 47.385, p = 0.001) and for
“stimulus group” (Fs = 42.545, p = 0.001). The inter-
action between both was also significant (F s = 33.492,
p = 0.002). Bonferroni-corrected (adjusted o = 0.0083)
pairwise comparisons of the estimated marginal means
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Fig. 4 Spearman’s rank correlation coefficients for correlation of
performance with probability ratios over sessions for each pigeon.
Bars indicate confidence intervals of 95% that were obtained by
bootstrapping (10,000 iterations). Failure to overlap with zero
indicates significance at a level of 0.05. The regions of interest for
the probability ratios are human figures (a) and non-distinctive
objects (b)

revealed that performance was only affected when the
heads of the humans were removed. In this condition,
performance was lower than before manipulation (pairwise
comparisons, p < 0.001) or with manipulated stimuli with
intact heads (pairwise comparisons, p < 0.001) (Fig. 5).
The mean performances across the ten test sessions are
reported in Table 3 for each pigeon separately.

All pigeons discriminated manipulated stimuli with intact
heads significantly above chance level (50% correct) from
the first session on (binomial test, p < 0.05, mean across
pigeons 79 + 1.73% SEM). In contrast, performance for
stimuli without heads was significant for only three pigeons
(P2, P4 and P6) in the first session (binomial test, p < 0.05,
mean across all pigeons 61 + 5.67% SEM). These were the
pigeons which had the lowest effect sizes (Cohen’s w) for
pecking on the heads during training (Table 2). All pigeons
pecked on the human figures significantly for stimuli with
intact heads (Table 3). For stimuli without heads, only four
out of six pigeons pecked on the human figures significantly,
whereas one pigeon pecked on the humans significantly
below chance level (Table 3).

Discussion

The stimuli in this study were designed to maximize the
probability that discrimination behaviour would be under

control of defined areas within the stimuli, the human
figures. All pigeons significantly focused their pecks on a
subarea of the human figures, namely the heads. By
removing the heads and other body parts, we verified that
the heads indeed contained the most critical information for
the pigeons. Thus, not only we were able to demonstrate
that pigeons direct their responses towards predefined
distinctive regions of complex stimuli, but also we could
further gain information about the relative importance of
certain subareas. These findings confirm and extend pre-
vious reports about the correlation between pecking loca-
tion and distinctive features (Bermejo and Zeigler 1998;
Goodale 1983; Jenkins 1973; Jenkins and Sainsbury 1970;
Wasserman and Anderson 1974; Watanabe 1976; Wills
et al., in press) particularly that it generalizes to complex
stimuli (Allan 1993). Most importantly, our findings
demonstrate that this effect is strong enough to identify the
features that control discriminative behaviour in case they
are not known.

The directed response to the critical region depends on
its subjective value for the discrimination the pigeon is
actually performing. This is evidenced by the dependency
of the pecking patterns on performance over the learning
course. The more reliably the pigeons identified the dis-
tinguishing features, the more they focused their responses
on them and the less they pecked at other parts of the
positive stimuli. This effect was pronounced for pecking on
non-distinctive objects, which correlated negatively with
performance for five pigeons. It was less pronounced for
pecking on the distinctive human figures, which correlated
positively with performance for only three pigeons. This is
probably due to a ceiling effect. The pigeons had previ-
ously learned to categorize human photographs (Yamazaki
et al. 2007) and had been retrained using stimuli from this
study. Therefore, the pigeons were presumably associating
photographs of humans with reward already in the first
training session of the present study. This is reflected by the
high probability ratios for human figures from the first
session on. Further increase of focusing during learning
probably caused only small changes of the probability
ratios for human figures. Overall, the shift of pecks towards
the distinguishing stimulus parts over learning presented
here is in line with the results from studies that used simple
stimuli (Jenkins and Sainsbury 1970; Wasserman and
Anderson 1974). The confirmation of this effect also for
complex stimuli implies that peck tracking can be used to
infer the change of strategies or their refinement over a
learning course when complex stimuli are used, e.g. during
categorization learning.

The robust finding that discrimination behaviour was
more under control of the heads than of the rest of the
bodies deserves further attention. It was not initially
intended by the stimulus design but is interpretable. In our
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Fig. 5 Effect of removal of

stimulus parts on mean 100

*
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means of all performed sessions
in the respective condition. 90 I
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deviations. Removal of the
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comparisons of estimated
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significance level of 0.05)
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Table 3 Performances for the manipulation test and Chi-square tests for the observed pecking patterns for the manipulated human figures

Heads intact

Heads removed

Percent correct N xz p w Percent correct N x2 p w
P1 82.43 1,482 349.18 <0.001 0.54 (+) 68.40 1,188 3.87 0.049 0.06
P2 83.94 1,566 23.61 <0.001 0.15 (+) 74.75 1,422 21.66 <0.001 0.15 (—-)
P3 82.55 1,332 2,689.40 <0.001 1.55 (+) 63.51 1,068 211.52 <0.001 0.48 (+)
P4 85.84 1,218 680.49 <0.001 0.75 (+) 61.38 864 154.01 <0.001 042 (+)
P5 78.83 1,356 328.07 <0.001 0.54 (+) 58.02 1,302 132.75 <0.001 0.36 (+)
P6 79.98 978 370.18 <0.001 0.62 (+) 66.10 786 76.36 <0.001 0.31 (+)

Bold values represent significant deviations from the uniform distribution, with more (+) or less (—) pecks on the region of interest than

expected, df = 1

experimental design, we did not aim to differentiate
between categorization and rote learning since we focused
on a methodological question. However, the ease with
which pigeons generalize to novel instances in people-
absent/people-present tasks (e.g. Aust and Huber 2001) and
the previous experience of our pigeons with such a cate-
gorization task (Yamazaki et al. 2007) make it likely that
they applied a categorization strategy. Categorization of
photographs can be based on merely perceptual similarities
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or on representational insight (Aust and Huber 2006;
Herrnstein 1990). In both cases, the human faces are likely
to be the most prominent features in our stimuli. In case of
representational insight (i.e. the pigeons use their knowl-
edge of what a human is to identify humans on the pho-
tographs), the faces likely were the most obvious “human”
parts in many of our stimuli, for the rest of the body was
often truncated. In case of a merely perceptual categori-
zation, the faces are likely to be the basis of this category
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because they represent a constant pattern that appears in all
stimuli used with a relatively small variability as compared
to the bodies. However, we cannot exclude the possibility
that the pigeons based their discrimination merely on rote
learning. In this case, the heads would have been more
salient than the bodies (e.g. due to their complexity) and
thus preferentially used for discrimination.

Pigeons are capable of using several stimulus aspects
simultaneously in discrimination tasks (Jitsumori 1996;
Makino and Jitsumori 2007; Von Fersen and Lea 1990). In
the present study, the heads were not the only features
controlling the discrimination behaviour; to a lesser extent
control was also exerted by other parts of the bodies. This
was reflected by significant pecking on the bodies for four
pigeons and significant discrimination of the stimuli with
heads removed from the first session on by three of the
pigeons. However, the spatial proximity of the apparently
very salient heads and the bodies might have facilitated
pecking on the bodies. It should be subjected to further
studies what the pecking pattern will be like if there are
several, spatially distinct features that all control the
pigeon’s behaviour.

The fact that the pecks were directed less clearly
towards the distinctive area of the stimuli when the heads
were removed likely reflects the overall low performance
for those stimuli. Given the high rate of incorrect respon-
ses, we can assume that a substantial proportion of the
correct trials result from correct guessing rather than from
control by the distinctive features. Therefore, these
responses are proposed to have occurred at random loca-
tions on the stimulus, which leads to overall smaller
probability ratios and smaller effect sizes in the Chi-square
tests.

The above conclusions mainly result from the compar-
ison of the pecking patterns with the location of the fea-
tures that control behaviour. The location of these features
was ascertained by the stimulus design. For sets I and II,
however, there was an additional possibility of performing
a feature negative discrimination, which was excluded only
for set III. The number of sessions required to reach cri-
terion was not higher for set III than for the other sets (see
Table 1). Thus, feature negative discrimination did not
seem to play an important role for discrimination. This
supports our initial assumption that the pigeon’s behaviour
was under the control of features present in the human
figures.

However, although feature positive discrimination is
learned more readily in most tasks and across species (for
review see Hearst 1984), in some conditions, feature neg-
ative discrimination can be the dominant strategy
(Haggbloom 1983; Reberg and Memmott 1979). Therefore,
we stress that peck tracking as presented here only reveals
the distinctive positive features, not the negative ones.

Interestingly, previous studies reported that false responses
to S— were directed away from the feature in feature
negative discrimination tasks (Jenkins 1973; Jenkins and
Sainsbury 1970; Wasserman and Anderson 1974). If this
effect is indeed due to pecking away from the negative
feature rather than pecking towards the ambiguous stimu-
lus parts (which were the most reward predicting parts of
S— in those stimuli), then it might be used to gain infor-
mation about the negative features. This would require an
experimental design that involves considerable pecking on
S—, such as a Go/Nogo task. This option deserves further
investigation, but was not within the scope of this study.

The possibility of identifying the features that control
discrimination behaviour during any phase of training
allows for experimental designs similar to eye tracking
studies in humans. However, the behavioural mechanisms
that underlie both techniques are certainly different. Eye
tracking, or more generally “gaze-tracking”, examines the
sensory input which is naturally correlated with attended
features. In contrast, the mechanisms of a strong correla-
tion of the response location with critical features are less
obvious.

Pecking on the distinctive features could be due to an
energy efficiency strategy. In a Skinner box, the decision to
peck is made shortly before the peck itself and at close
range from the stimulus (Goodale 1983). It would be rather
puzzling if the pigeon would not peck on the spot that the
decision is based on but instead waste time and energy by
reorienting before it responds. A more cognitive explana-
tion is offered by the simultaneous discrimination theory
(Jenkins and Sainsbury 1969, 1970). This theory assumes
that a pigeon perceives a stimulus as a simultaneous pre-
sentation of distinct features, rather than in a holistic way.
Accordingly, reward will be associated only with the fea-
ture pecked and not with the whole stimulus (also see
Jenkins 1973).

Although the present results confirm a large overlap of
pecked locations and the features that control behaviour,
we want to stress that this coherence is not exclusive. In a
matching-to-sample task that biased pigeons to process one
dimension or location of the sample preferentially and
neglect other dimensions or locations, pecks shifted
towards the biased attribute in the majority of trials (Brown
et al. 1984). Thus, the outcome was in line with the find-
ings of the present study. However, the biased matching
behaviour was also detectable in remaining trials, in which
the pigeons pecked on other locations. Therefore, we must
assume that factors in addition to directed attention influ-
ence the pecking location. One possible factor is stimulus
position. In the present study, pigeon P6 discriminated
stimuli with removed heads significantly from the first
session on, indicating that not only the heads but
also the bodies were controlling discrimination behaviour.

@ Springer
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Nevertheless, for this pigeon pecking on the bodies was
significantly below chance level during training. Inspection
of the pecking patterns revealed that the animal pecked
predominantly slightly above the heads of the human fig-
ures. By occasional observation in the Skinner box, we
found that this pigeon tended to stand on the food hopper,
rather than in front of it or next to it. The elevated position
might have shifted the pecking locations upwards and by
that means might have caused the low probability ratio for
the human bodies for this pigeon. As it sometimes is
desirable to present stimuli at various locations on the
screen (e.g. Huber et al. 2005), the effect of stimulus
position on pecking location certainly deserves further
investigation.

A further factor that might influence pecking location is
viewing condition. Occlusion of one eye is a valuable tool
for the investigation of cerebral asymmetries in pigeons.
This technique has revealed that the cerebral hemispheres
contribute differently to categorization processes (Yama-
zaki et al. 2007). Monocular viewing, however, has on its
own impact on the pecking location, shifting it towards the
open eye (Beale and Corballis 1967, 1968). It would be
desirable to test whether in monocular viewing conditions
the pecking location resembles the locus of attention as
reliably as in binocular conditions, in order to clarify the
feasibility of peck tracking for the investigation of cerebral
asymmetries.

In summary, we conclude that pecking location can be
used to identify the feature within a complex stimulus that
controls discrimination behaviour of pigeons. Thus, peck
tracking provides a tool to gain insight into the cognitive
strategies that pigeons use to solve visual tasks. It shares
some major methodological advances with eye tracking.
(1) Peck tracking enables the experimenter to investigate
the relevant stimulus locations over the whole course of
acquisition, which facilitates the investigation of learning
processes. (2) No additional testing phase is required,
which not only saves experimental time but also further
prevents the animals from changing their strategies due to
altered informational content of test stimuli as in feature
manipulation methods. (3) There is no need to define
candidate features a priori. Peck tracking assesses the
critical stimulus locations without biasing the available
feature space and without restricting the behaviour of the
animals in any way. Cook (1993) anticipated that some of
the most interesting results involving complex stimuli
might require reinterpretation as soon as it is possible to
reliably decompose the discriminative features. We believe
that the results presented here can significantly contribute
to this process.

Acknowledgments We thank Maik Stiittgen for helpful comments
on the statistics and Rick Scavetta for proof reading the manuscript.

@ Springer

Lars Dittrich was supported by the International Graduate School of
Neuroscience and by the Ruhr-University Research School funded by
Germany’s Excellence Initiative [DFG GSC 98/1].

References

Allan RW (1993) Control of pecking response topography by
stimulus-reinforcer and response-reinforcer contingencies. In:
Zeigler HP, Bischof H-J (eds) Vision, brain, and behavior in
birds. MIT Press, Cambridge, MA, pp 285-300

Aust U, Huber L (2001) The role of item- and category-specific
information in the discrimination of people versus nonpeople
images in pigeons. Anim Learn Behav 29:107-119

Aust U, Huber L (2002) Target-defining features in a “people-
present/people-absent” discrimination task by pigeons. Anim
Learn Behav 30:165-176

Aust U, Huber L (2003) Elemental versus configural perception in a
people-present/people-absent discrimination task by pigeons.
Learn Behav 31:213-224

Aust U, Huber L (2006) Picture-object recognition in pigeons:
evidence of representational insight in a visual categorization
task using a complementary information procedure. J Exp
Psychol Anim Behav Process 32:190-195

Awh E, Armstrong KM, Moore T (2006) Visual and oculomotor
selection: links, causes and implications for spatial attention.
Trends Cogn Sci 10:124-130

Beale IL, Corballis MC (1967) Laterally displaced pecking in
monocularly viewing pigeons: a possible factor in interocular
mirror-image reversal. Psychon Sci 9:603-604

Beale IL, Corballis MC (1968) Beak shift: an explanation for
interocular mirror-image reversal in pigeons. Nature 220:82-83

Bermejo R, Zeigler HP (1998) Conditioned ‘prehension’ in the
pigeon: kinematics, coordination and stimulus control of the
pecking response. Behav Brain Res 91:173-184

Bloch S, Rivaud S, Martinoya C (1984) Comparing frontal and lateral
viewing in the pigeon. III. Different patterns of eye movements
for binocular and monocular fixation. Behav Brain Res 13:173—
182

Brown SD, Dooling RJ (1992) Perception of conspecific faces by
budgerigars (Melopsittacus undulatus). 1. Natural faces. J] Comp
Psychol 106:203-216

Brown SD, Dooling RJ (1993) Perception of conspecific faces by
budgerigars (Melopsittacus undulatus). 1I. Synthetic models.
J Comp Psychol 107:48-60

Brown MF, Cook RG, Lamb MA, Riley DA (1984) The relation
between response and attentional shifts in pigeon compound
matching-to-sample performance. Anim Learn Behav 12:41-49

Cohen J (1992) A power primer. Psychol Bull 112:155-159

Cook RG (1993) The experimental analysis of cognition in animals.
Psychol Sci 4:174-178

Cook RG (2001) Hierarchical stimulus processing in pigeons. In:
Cook RG (ed) Avian visual cognition. Available http://www.
pigeon.psy.tufts.edu/avc/cook/

Gibson BM, Wasserman EA, Schyns PG, Gosselin F (2005) Applying
bubbles to localize features that control pigeon’s visual discrim-
ination behavior. J Exp Psychol Anim Behav Process 31:376—
382

Gibson BM, Lazareva OF, Gosselin F, Schyns PG, Wasserman EA
(2007) Nonaccidental properties underlie shape recognition in
mammalian and nonmammalian vision. Curr Biol 17:336-340

Goodale MA (1983) Visually guided pecking in the pigeon (Columba
livia). Brain Behav Evol 22:22-41

Gosselin F, Schyns PG (2001) Bubbles: a technique to reveal the use
of information in recognition tasks. Vision Res 41:2261-6671


http://www.pigeon.psy.tufts.edu/avc/cook/
http://www.pigeon.psy.tufts.edu/avc/cook/

Anim Cogn

Gilintiirkiin O (2000) Sensory physiology: vision. In: Whittow GC (ed)
Avian physiology, vol 5. Academic Press, San Diego, CA, pp 1-19

Haggbloom SJ (1983) Feature negative effect in rats’ discrimination
learning in the runway. Anim Learn Behav 11:367-372

Hearst E (1984) Absence as information: some implications for
learning, performance, and representational processes. In: Roit-
blat HL, Bever TG, Terrace HS (eds) Animal cognition.
Erlbaum, Hillsdale, NJ, pp 311-332

Herrnstein RJ (1990) Levels of stimulus control: a functional
approach. Cognition 37:133-166

Herrnstein RJ, Loveland DH (1964) Complex visual concept in the
pigeon. Science 146:549-551

Huber L (2001) Visual categorization in pigeons. In: Cook RG (ed)
Avian visual cognition. Available http://www.pigeon.psy.tufts.
edu/avc/huber

Huber L, Troje NF, Loidolt M, Aust U, Grass D (2000) Natural
categorization through multiple feature learning in pigeons. Q J
Exp Psychol B 53:341-357

Huber L, Apfalter W, Steurer M, Prossinger H (2005) A new learning
paradigm elicits fast visual discrimination in pigeons. J Exp
Psychol Anim Behav Process 31:237-246

Jenkins HM (1973) Noticing and responding in a discrimination based
on a distinguishing element. Learn Motiv 4:115-137

Jenkins HM, Sainsbury RS (1969) The development of stimulus
control through differential reinforcement. In: Mackintosh NJ,
Honig WK (eds) Fundamental issues in associative learning.
Dalhousie University Press, Halifax, pp 123-167

Jenkins HM, Sainsbury RS (1970) Discrimination learning with the
distinctive feature on positive or negative trials. In: Mostofsky
DI (ed) Attention: contemporary theory and analysis. Appleton
Century, New York, pp 239-273

Jitsumori M (1996) A prototype effect and categorization of artificial
polymorphous stimuli in pigeons. J Exp Psychol Anim Behav
Process 22:405-419

Kjaersgaard A, Pertoldi C, Loeschcke V, Witzner Hansen D (2008)
Tracking the gaze of birds. J Avian Biol 39:466-469

Lea SEG, Ryan CME (1983) Feature analysis of pigeons’ acquisition
of concept discrimination. In: Commons ML, Herrnstein RJ,
Wagner AR (eds) Quantitative analyses of behavior, vol 4.
Ballinger, Cambridge, MA, pp 239-253

Lubow RE (1974) High-order concept formation in the pigeon. J Exp
Anal Behav 21:475-483

Makino H, Jitsumori M (2007) Discrimination of artificial categories
structured by family resemblances: a comparative study in
people (Homo sapiens) and pigeons (Columba livia). J Comp
Psychol 121:22-33

Manns M, Giintiirkiin O (2009) Dual coding of visual asymmetries in
the pigeon brain: the interaction of bottom-up and top-down
systems. Exp Brain Res. doi:10.1007/s00221-009-1702-z

Ohayon S, Harmening W, Wagner H, Rivlin E (2008) Through a barn
owl’s eyes: interactions between scene content and visual
attention. Biol Cybern 98:115-132

Ortega LJ, Stoppa K, Giintiirkiin O, Troje NF (2008) Limits of
intraocular and interocular transfer in pigeons. Behav Brain Res
193:69-78

Pettigrew JD, Wallman J, Wildsoet CF (1990) Saccadic oscillations
facilitate ocular perfusion from the avian pecten. Nature
343:362-363

Reberg D, Memmott J (1979) Shock as a signal for shock or no-
shock: a feature-negative effect in conditioned suppression.
J Exp Anal Behav 32:387-397

Rehder B, Hoffman AB (2005) Eyetracking and selective attention in
category learning. Cogn Psychol 51:1-41

Troje NF, Huber L, Loidolt M, Aust U, Fieder M (1999) Categorical
learning in pigeons: the role of texture and shape in complex
static stimuli. Vision Res 39:353-366

Von Fersen L, Lea SEG (1990) Category discrimination by pigeons
using five polymorphous features. J Exp Anal Behav 54:69-84

Wasserman EA, Anderson PA (1974) Differential autoshaping to
common and distinctive elements of positive and negative
discriminative stimuli. J Exp Anal Behav 22:491-496

Watanabe S (1976) An experimental examination of peck location
following monocular discrimination training in the pigeon. Annu
Anim Psychol 26:109-116

Wills AJ, Lea SEG, Liva LA, Osthaus B, Ryan CME, Suret MB,
Bryant CML, Chapman SJA, Millar L (2009) A comparative
analysis of the categorization of multidimensional stimuli:
unidimensional classification does not necessarily imply analytic
processing: evidence from pigeons (Columba livia), squirrels
(Scurius carolinensis) and humans (Homo sapiens). J Comp
Psychol (in press)

Wohlschlédger A, Jager R, Delius JD (1993) Head and eye movements
in unrestrained pigeons (Columba livia). J Comp Psychol
107:313-319

Yamazaki Y, Aust U, Huber L, Hausmann M, Giintiirkiin O (2007)
Lateralized cognition: asymmetrical and complementary strate-
gies of pigeons during discrimination of the “human concept”.
Cognition 104:315-344

Yang Y, Cao P, Yang Y, Wang SR (2008) Corollary discharge
circuits for saccadic modulation of the pigeon visual system. Nat
Neurosci 11:595-602

Yarbus AL (1967) Eye movements and vision. Plenum, New York

@ Springer


http://www.pigeon.psy.tufts.edu/avc/huber
http://www.pigeon.psy.tufts.edu/avc/huber
http://dx.doi.org/10.1007/s00221-009-1702-z

	Peck tracking: a method for localizing critical features �within complex pictures for pigeons
	Abstract
	Introduction
	Methods
	Animals
	Apparatus
	Stimuli
	Pretraining
	Training
	Analysis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


