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Abstract We examined the ability of domestic dogs to
choose the larger versus smaller quantity of food in two
experiments. In experiment 1, we investigated the ability of
29 dogs (results from 18 dogs were used in the data analysis)
to discriminate between two quantities of food presented in
eight different combinations. Choices were simultaneously
presented and visually available at the time of choice. Over-
all, subjects chose the larger quantity more often than the
smaller quantity, but they found numerically close compar-
isons more difficult. In experiment 2, we tested two dogs
from experiment 1 under three conditions. In condition 1,
we used similar methods from experiment 1 and tested the
dogs multiple times on the eight combinations from experi-
ment 1 plus one additional combination. In conditions 2 and
3, the food was visually unavailable to the subjects at the
time of choice, but in condition 2, food choices were viewed
simultaneously before being made visually unavailable, and
in condition 3, they were viewed successively. In these last
two conditions, and especially in condition 3, the dogs had
to keep track of quantities mentally in order to choose op-
timally. Subjects still chose the larger quantity more often
than the smaller quantity when the food was not simultane-
ously visible at the time of choice. Olfactory cues and inad-
vertent cuing by the experimenter were excluded as mech-
anisms for choosing larger quantities. The results suggest
that, like apes tested on similar tasks, some dogs can form
internal representations and make mental comparisons of
quantity.
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Introduction

Animals that are able to judge quantities or amounts, even
in a relative sense, should be at an advantage in determining
which environments have the least number of predators or
competitors, the most reproductive partners, and the largest
amount of food resources (Dehaene 1997). Natural selection
should favor optimal decision-making, but animals must first
compare in order to optimize. Previous research has shown
that children (Huntley-Fenner and Cannon 2000), infants
(Feigenson et al. 2002), and variety of nonhuman animals
such as dolphins (Kilian et al. 2003), monkeys (Hauser et al.
2000), apes (Rumbaugh et al. 1987; Boysen and Bernston
1995; Dooley and Gill 1997; Call 2000), rats (Meck and
Church 1983), birds (Pepperberg 1987), and raccoons (Davis
1984) can discriminate between the quantities of various
objects in their environments.

In some studies, researchers train or condition animals
to make quantity comparisons. For example, rats learned to
press one of two levers to distinguish two flashes of light from
four flashes (Meck and Church 1983). Likewise, raccoons
learned to select a transparent cube containing three grapes
and ignore those cubes containing two or four grapes in or-
der to receive a reward (Davis 1984). After years of training,
an African grey parrot (Psittacus erithacus) could correctly
identify the number of red keys present when researchers
presented him with a group of objects containing red keys,
green keys, red toys, and green toys (Pepperberg 1987).

Independent of training, selection should favor the natural
development of such decision-making abilities in a number
of ecological and social situations, including those involv-
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ing parental investment, feeding competition, and intra- or
intergroup aggression (Hauser 2003). For example, in the
American coot (Fulica americana), an aquatic bird subject
to conspecific brood parasitism, the number of eggs a fe-
male lays is directly related to the number or surface area
of eggs already present in the nest. Females respond to their
own eggs in a nest but ignore the number of parasitic eggs
when regulating clutch size (Lyon 2003). Similarly, to max-
imize energetic rates of return, animals must make decisions
between which patches of food to forage in (Stephens and
Krebs 1986). Experiments using playbacks of conspecific
calls in African lions (McComb et al. 1994), chimpanzees
(Wilson et al. 2001), howler monkeys (Kitchen 2004), and
wolves (Harrington and Mech 1979) showed that decisions
about whether to respond aggressively to competitors re-
flected the size of the home group relative to the group size
of competitors.

In this study, we examined how domestic dogs (Canis
lupus familiaris) respond to differences in quantity naturally,
without explicit training for a desired response. Previous
research on chimpanzees (Dooley and Gill 1977; Rumbaugh
et al. 1987; Beran 2001, 2004) and orangutans (Call 2000)
addressed their ability to distinguish between two different
quantities of food. Dooley and Gill (1977) reported that Lana,
the chimpanzee, was able distinguish the larger quantity of
cereal pieces from the smaller quantity in most trials. Lana
was tested on all combinations between 1 and 10, and she
performed better when the numerical distance (difference
between quantities) was large (e.g., 1 vs. 4 was easier than
3 vs. 4), the ratio between quantities was small (e.g., 2 vs. 3
was easier than 5 vs. 6), and when the total number of pieces
in both arrays combined was small.

Three orangutans performed similarly. When tested on all
quantity combinations between 1 and 6, in most trials they
chose the larger quantity of cereal over the smaller quantity
(Call 2000), and their performance was positively correlated
with the numerical distance between the two quantities and
negatively correlated with ratio between quantities. For Lana,
both quantities of cereal were always visually available at
the time of choice. However, for the orangutans, in some
trials the cereal was visually available, but in other trials, the
experimenter covered the quantities with an opaque lid after
the animal had an opportunity to visually compare them.
Orangutans performed equally well whether the cereal was
visually available or concealed at the time of choice. For
all trials in both the chimpanzee and orangutan experiments,
the subjects were positively rewarded whether they chose the
larger or the smaller quantities, because they got to consume
the quantity selected.

The performances of Lana and the orangutans suggest
analog representations of quantity (“mental magnitudes”)
(Moyer and Landauer 1967; Gallistel and Gelman 2000)
subject to scalar variability. Scalar variability describes a
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representation of quantity in which the “noisiness” of the
estimate (measured by the degree of variation in response
across trials) is directly proportional to the size of the quan-
tity being estimated (Gallistel and Gelman 2000). Discrimi-
nation between mental magnitudes that are subject to scalar
variability follows Weber’s law, which states that two mag-
nitudes are more easily distinguished as the ratio between
the smaller divided by the larger magnitude decreases. We-
ber’s law (Dehaene et al. 1998; Gallistel and Gelman 2000)
reflects distance and size effects as described above for the
chimpanzee and orangutan studies. Many other studies of
quantity estimation report results consistent with Weber’s
law, implying that magnitude representations of quantity are
widespread in both humans and nonhuman animals (Beran
2001, 2004; Cordes et al. 2001; Hauser 2003; Lewis et al.
2005; Jordan and Brannon 2006a).

In many natural situations, such magnitude representa-
tions may allow sufficiently accurate estimates of quantity.
For example, for group-living, territorial species, the ability
to assess and compare group sizes would allow for optimal
decision-making during territorial disputes. In several stud-
ies, researchers used conspecific playbacks (playing calls
from one to five individuals simultaneously) to simulate ri-
val groups of conspecifics (chimpanzees: Wilson et al. 2001;
lions: McComb et al. 1994; howler monkeys: Kitchen 2004,
and wolves: Harrington and Mech 1979). In all of these
species, animals were more likely to respond to perceived
threats when numeric odds were in their favor, indicating
an ability to accurately infer relative group size within this
numerical range. Evidence from actual intergroup encoun-
ters supports the hypothesis that small groups avoid larger
groups. For example, in 13 aggressive incidents between a
pack of free-ranging, domestic dogs living in the mountain-
ous region of central Italy and smaller packs or an individual
dog, the smaller group always withdrew before aggression
became physical (Macdonald and Carr 1995).

The importance of territoriality among wolves (Meier
etal. 1995; Smith and Ferguson 2005) and their descendants,
free-ranging domestic dogs, suggests at least one context in
which the ability to judge relative quantities could prove im-
portant to survival and reproductive success. Since hunting
in these species often involves discriminating the group size
of potential prey, quantity comparisons could also be impor-
tant during foraging. In this study, we took advantage of the
availability and tractability of domestic dogs to investigate
their discrimination abilities. Previous research that mea-
sured dogs’ looking time at expected (e.g., 1 + 1 =2) versus
unexpected outcomes (e.g., 1 +1=1and 1 4 1 =3) showed
that dogs looked longer at unexpected outcomes. Researchers
suggested that dogs anticipated the outcome of the calcula-
tions and demonstrated a limited ability to count (West and
Young 2002). In the current study, we tested a wider range of
quantities than West and Young (2002) and employed meth-
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ods similar to those used to investigate orangutans’ abilities
to distinguish between two quantities of food (Call 2000). We
use the term “quantity” to signify amount without implying
a reference to number or the ability to count (cf. Rumbaugh
et al. 1987; Call 2000; Shumaker et al. 2001).

Our study had three main goals. First, we aimed to com-
pare numerical performance in a quantity discrimination
task by a carnivore to performances by nonhuman primates
(previous studies on carnivores are lacking). Are dogs as
skilled as nonhuman primates in discriminating small sets
of quantities? Second, we wanted to determine whether the
responses of dogs conformed to Weber’s law, indicating
a mental magnitude mechanism for quantity estimation.
Based on studies of primates, we predicted that dogs would
be more likely to choose the larger quantity when numerical
distance between the two quantities was large, ratio was
small, and total quantity being compared was small. Third,
because the choices were visually available simultaneously
in our original trials (e.g., experiment 1, conditions 1 and 2
of experiment 2, below), dogs could discriminate quantity
based on perceptual cues alone. Therefore, to investigate
the possibility that dogs can form and remember mental
representations of quantity, we conducted preliminary
tests requiring two subjects to choose between quantities
that were visually available successively (condition 3 of
experiment 2). We predicted that dogs, like orangutans
tested under similar conditions (Call 2000), would choose
the larger quantity regardless of whether or not the food was
visually available at the time of choice.

Experiment 1

In experiment 1, we tested whether dogs overall (data
combined for multiple subjects) could discriminate the

Fig. 1 Procedure followed in
experiment 1 (open condition)
and each of the three conditions
in experiment 2 (modeled after

a. Condition 1
(open)

Call 2000). Numbers next to
plates refer to the steps of each
procedure. See text for full
description
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larger from the smaller quantity of food when presented
with the following eight combinations: 1 vs. 4, 1 vs. 3, 2 vs.
5,1vs.2,2vs.4,3vs.5,2vs. 3, and 3 vs. 4. Results from a
pilot study conducted prior to experiment 1 showed that all
12 adult dogs tested on the single quantity combination of 1
vs. 5 could discriminate the larger quantity over the smaller
quantity.

Methods
Subjects

The 29 dogs used in the study were pets recruited from
veterinarian offices, a local dog club, friends, neighbors, and
people affiliated with the study. Of the 29 subjects, 18 were
female and 11 male; 17 were purebred and 12 mixed breeds.
Ages ranged from 1 to 12 years. Testing was conducted
between June 2003 and August 2003.

Procedure

We tested all dogs individually. Each dog’s owner brought
his or her dog into the testing room, and the dog had 5 min
to explore the testing environment. Prior to trial 1, the ex-
perimenter fed the dog a piece of hotdog — the food used in
the experiments. We wanted to be sure that the dog liked the
food and was motivated to obtain it before proceeding. To
increase motivation, we asked owners to refrain from feeding
their dogs just prior to testing. All subjects were motivated
by hotdogs.

In preparation for testing, the owner took the dog to a
marked location. The owner positioned the dog into place,
usually by gently holding the dog from behind. A few dogs
maintained a sit and stay without aid, in which case the
owner stood behind the dog. While the dog waited in place,

c. Condition 3
(successive closed)
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(simultaneous closed)
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the experimenter baited two plates outside of the dog’s view.
The experimenter randomly dropped a set number of hotdog
pieces onto each plate, depending on the quantity combina-
tion being tested, making no attempt to arrange the pieces
into a consistent pattern. Plate construction was blue plastic
with a 19 cm diameter, and each piece of food was 1/8th of
a standard hotdog.

After baiting, the experimenter covered each plate with
an opaque lid (Fig. 1a, step 1). Hare et al. (2002) reported
that dogs could follow a human gaze to locate hidden food,
so the experimenter wore dark sunglasses to avoid inadver-
tently cueing the dog with her eyes. Visual cueing by the
owners was unlikely because they stood behind the dog.
However, as an extra precaution, we asked owners to refrain
from looking at the plates and instead focus their attention
straight ahead at the wall in front of them. The experimenter
approached the dog and put both plates down on the ground
at the same time in front of the subject. The plates were set
1.2 m apart with the midpoint between them 1 m directly
in front of the dog. The experimenter uncovered both plates
at the same time (Fig la, step 2) and simultaneously tapped
lightly on the edge of each plate in order to get the dog to
look at both plates. Once the dog had visually examined both
quantities, the experimenter waited 5 s and then said “okay”,
which meant that the owner could release the dog to choose
(Fig 1a, step 3). The dog chose by going over to the plate
and eating the hotdogs from that plate. As the dog was
eating, the experimenter quickly removed the un-chosen
plate from the dog’s access. We provided no additional
reinforcement.

We tested each of the 29 dogs once on each of the eight
quantity combinations over four sessions, with two trials per
session. Successive sessions for each subject were separated
by a minimum of 2 days. We also wanted to test for a learning
effect across sessions, so we randomly selected 14 of the
dogs to begin testing with what we called the “small ratio
group” and end their testing with the “large ratio group”. The
remaining dogs began with the “large ratio group” and ended
with the “small ratio group”. Ratio was simply the smaller
quantity in the comparison divided by the larger quantity
(e.g., 1 vs. 4 combination had a ratio of 0.25). We included
combinations 1 vs. 4, 1vs. 3,2 vs. 5,and 1 vs. 2 in the small
ratio group and combinations 2 vs. 4, 3 vs. 5,2 vs. 3, and 3
vs. 4 in the large ratio group. Although the combinations 1
vs. 2 and 2 vs. 4 had the same ratio (i.e., 0.50), we assigned
one combination to the small ratio group (1 vs. 2) and the
other to the large ratio group (2 vs. 4) to equate sample sizes
across groups. We assigned dogs to each ratio group in a
counterbalanced manner. We counterbalanced the left—right
presentation of quantities across trials for each combination
and randomly assigned the order of presentation within each

group.
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Data analysis

For statistical analyses in all experiments, alpha was set at
0.05 for rejection of the null hypothesis. Statistical tests were
conducted using SPSS® version 11.5 and SAS® version 8.1.
Tests are one-tailed for all directional predictions: (1) dogs
would choose the larger quantity more often than the smaller
quantity and (2) their performance (the percentage of times,
out of eight trials, that the dog chose the larger over the
smaller quantity) would improve as the numerical distance
between quantities (the larger minus the smaller quantity)
being compared increased and as the ratio between quantities
(defined previously) and the total quantity (the larger plus the
smaller quantity) decreased. Results from our pilot study and
research on human children and nonhuman animals support
these directional predictions (Dooley and Gill 1977; Boysen
and Bernston 1995; Call 2000; Huntley-Fenner and Cannon
2000; Feigenson et al. 2002). For all parametric statistics,
the assumptions of homogeneity and normality were met.

We used a GEE (generalized estimating equation) model
to test whether the dogs’ ability to choose the larger quantity
varied with (1) ratio between quantities, (2) numerical dis-
tance between quantities, and (3) total quantity of hotdogs
available at the time of choice. The GEE model is appropri-
ate for use here because it extends the GLM (general linear
model) algorithm to accommodate correlated observations
within subjects, and it allows for comparison across subjects
(Diggle et al. 1994; Hardin and Hilbe 2002).

To test whether dogs chose the larger quantity signifi-
cantly more often than the smaller quantity in each of the
eight individual combinations (see above), we conducted bi-
nomial tests and compared the numbers of dogs choosing the
larger and smaller quantities within each combination.

Results and discussion

Of the 29 dogs tested, three never finished with the testing,
and we excluded them from the analyses. Eight dogs exhib-
ited a laterality bias, going to the same side on every single
trial regardless of the quantity presentation. We excluded
them as well, which left 18 dogs for data analysis. Of the 18
subjects, 12 were female and 6 male; 10 were purebred and
8 mixed breeds. Fifteen out of the 18 remaining dogs (83%)
chose the larger quantity more often than the smaller quantity
across the eight trials (sign test, p<0.0001); two chose the
larger and smaller quantities equally often, and one chose the
smaller quantity more often. There was no effect of age (Pear-
son correlation, r = — 0.163,p =0.518, n = 18) or sex (inde-
pendent sample #-test, #(16) = 0.230, p = 0.821, #gemae = 12,
nmale = 6) on performance. Males chose the larger plate 73%
of the time, and females 71% of the time.

We found no learning effect across trials. Dogs that started
or ended with the smaller ratios got an equal percentage
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Fig. 2 Proportion of dogs selecting the larger quantity in experiment
1 as a function of ratio between quantities on two plates. Generalized
estimating equation (GEE), Z= —2.69, p=0.007, n =18

(75%) of the small ratio trials correct (independent sample
t-test, 1(16) = 0.00, p = 1.000, ntemale = 12, Amale = 6). Like-
wise, there was no significant difference in the percentage
correct between the dogs that started with (73% correct)
or ended with (59% correct) the large ratio trials (inde-
pendent sample #-test, #(16) =0.971, p =0.346, nyareq =8,
Nended = 10).

Dogs as a group followed Weber’s law: they were more
likely to choose the larger quantity when the ratio be-
tween quantity combinations was small (GEE, Z= —2.69,
p=0.007, n=18) (Fig. 2) and when the numerical distance
between quantity combinations was large (GEE, Z=2.86,
p=0.004, n=18) (Fig. 3). Previous research obtained sim-
ilar results for orangutans (Call 2000) and chimpanzees
(Dooley and Gill 1977) when tested under similar condi-
tions. There was no significant relationship between total
quantity and the dogs’ overall performance (GEE, Z=0.29,
p=0.769, n=18). Again, similar results were obtained for
orangutans (Call 2000) but not for Lana, the chimpanzee,
who was more likely to choose the larger quantity when to-
tal quantity available at the time of choice was small (Dooley
and Gill 1977). However, the chimpanzee data contained a
wider range of total quantity values compared to this study
and the orangutan study. This difference may account, at least
in part, for the discrepancy in total quantity results among
the studies.

Finally, we examined the ability of dogs to discriminate
the larger from the smaller quantity within each of the eight
individual quantity combinations. Dogs as a group chose
the larger quantity significantly more often than the smaller
quantity for all combinations except those that differed by
one piece (binomial test, 1 vs.4: p=0.001; 1 vs. 3: p = 0.048;
2vs.5: p=0.048; 1 vs.2: p=0.240; 2 vs. 4: p=0.004; 3 vs.
5:p=0.015;2vs.3:p=0.240; 3 vs. 4: p =0.407; n = 18 for

Fig.3 Proportion of dogs selecting the larger quantity in experiment 1
as a function of the numerical distance between quantities on two plates.
Generalized estimating equation (GEE), Z=2.86, p=0.004, n =18

each combination). Our findings parallel the data obtained
for orangutans when tested under very similar experimental
conditions. Although Call (2000) did not statistically ex-
amine the performance of orangutans within each quantity
combination, the data he presented (Table 2, p. 139) enabled
us to do so. He tested each subject 12 times in each quantity
combination, and using his data, we calculated that two of the
three orangutans did not discriminate above chance between
1 vs. 2 and 2 vs. 3, and one orangutan did not discriminate
between 3 vs. 4 (binomial test, p>0.05), similar to the dogs
in the current study.

Experiment 2

In experiment 2, we examined, in greater depth, the abilities
of two dogs from experiment 1. Experiment 2 consisted of
three conditions that were presented successively. Progres-
sion from one condition to the next was dependent upon
successful performance in the previous condition.

In condition 1, we verified the generality of the results
from experiment 1, and in conditions 2 and 3 we tested
to see if dogs could still choose the larger quantity when
the food was visually unavailable at the time of choice. In
conditions 1 and 2, the dogs could rely strictly on perceptual
cues to choose the larger quantity, but success in condition 3
required some mental representation of quantity in order to
choose optimally. For all three conditions, we tested the dogs
multiple times on the eight combinations from experiment
1, and we also tested them on two additional combinations,
1 vs. 1 and 1 vs. 5. We included the 1 vs. 1 condition to
see if a side preference might develop in a setup where
the dogs would do equally well by choosing either plate.
Condition 2 and 3 tests presented a potentially more difficult
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challenge for the dogs, so we added a combination (1 vs. 5)
that, according to Weber’s law and the results from our pilot
study (see experiment 1), should be relatively easy for them
to discriminate. We also included the 1 vs. 5 combination in
condition 1 to make it directly comparable to conditions 2
and 3.

Methods
Subjects

One of the dogs, Marty, an 8-year-old Labrador retriever,
chose the larger quantity in seven out of eight trials in exper-
iment 1; he missed only the 3 vs. 4 combination. The second
dog, Acorn, a 5-year-old Doberman pincher, chose the larger
quantity in all eight trials. Testing was conducted between
August 2003 and January 2004.

Procedure

Condition 1: open The setup was nearly identical to that of
experiment 1 (Fig. 1a), with some exceptions. First, we gave
each dog four warm-up trials using 1 vs. O just prior to a
session. If the dog chose the quantity of 1 in all four trials,
we preceded to testing. If not, we gave two additional warm-
up trials. We used warm-up trials as a pretest to screen for
laterality preferences. We did not anticipate laterality pref-
erences in experiment 1 and, therefore, did not screen for
them. Second, we presented all 10 combinations in a sin-
gle session. We randomized the order of presentation within
sessions, and counterbalanced trials for side within sessions.
Third, we tested Marty and Acorn 11 times in each quan-
tity combination over the course of the experiment. Lastly,
because we tested the two dogs numerous times within a
session, we used smaller pieces of hotdogs to prevent them
from becoming satiated early on, and we positioned the dogs
slightly closer to the plates, so that they could more easily
view the smaller individual pieces. Each piece of food was
1/16th a standard hotdog; the plates were 1 m apart with the
midpoint between the plates being 0.8 m directly in front of
the subject.

Condition 2: simultaneous closed The procedure and quan-
tity combinations were the same as in condition 1 except the
hotdogs were not visually accessible to the dogs at the time
of choice. After the experimenter presented both plates (Fig.
1b, step 1), she uncovered them simultaneously and allowed
the dog to examine the two quantities (Fig. 1b, step 2). She
waited 5 s, re-covered the plates, and then waited an addi-
tional 3 s before releasing the dog to choose (Fig. 1b, step 3).

Condition 3: successive closed The setup and quantity com-
binations were the same as in conditions 1 and 2 with one
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exception. After baiting both plates and placing them on the
ground in front of the dog (Fig. lc, step 1), the experimenter
first uncovered the plate on her right and waited until the
dog examined the quantity for 5 s before placing the cover
back on the plate (Fig. 1c, step 2). Next, she uncovered the
plate to her left and waited until the dog examined that quan-
tity for 5 s before covering the plate (Fig. lc, step 3). After
both plates were covered, she waited an additional 3 s before
releasing the dog to choose (Fig.1c, step 4).

Results and discussion

For all conditions, both dogs chose the larger quantity sig-
nificantly above chance for all trials combined (binomial
test, Marty: condition 1, 92% of trials, condition 2, 88%,
condition 3, 84%, p<0.001 for all, n =99 for each condi-
tion; Acorn: condition 1, 93% of trials, p<0.0001, condition
2, 65%, p=10.002, condition 3, 64%, p =0.005, n =99 for
conditions 1 and 3 and » = 98 for condition 2 [Acorn refused
to choose in one trial]).

In conditions 1 and 2, Marty was more likely to select
the larger quantity when the numerical distance between
quantities was large and the ratio between quantities was
small. Ratio and numerical distance were not significantly
correlated with the percentage of correct trials in condition 3,
and total quantity was not significant in any of the conditions
(Table 1).

In condition 1, Acorn performed better when the ratio be-
tween quantities was small and the total quantity large. Ratio,
numerical distance, and total quantity were not significantly
related to performance in conditions 2 and 3, and numerical
distance was not significant in condition 1 (Table 1).

Table 1 ~ Spearman rho correlation coefficients* and associated p
values from testing the relationship between the percentage of correct
trials for each dog in three conditions of experiment 2 as a function of
ratio between quantities, numerical distance, and total quantity (n =99
for each dog in each condition with one exception®)

Ratio Numerical distance Total quantity

Conditions  rho P rho P rho P
Marty

1 —0.875 0.001 0.633 0.03 —0.397 0.15

2 —0.699 0.02 0.612 0.04 —0.209 0.30

3 —0.492 0.09 0.324 020 —0.426 0.13
Acorn

1 —-0.755 0.01 0.377 0.16 0.715 0.02

2 —0.368 0.17 0.332 0.19 —0.151 0.35

3 —0.069 043 0.332 0.19 0.532  0.07

Condition 1: open, condition 2: simultaneous closed, condition 3: suc-
cessive closed.

2One-tailed tests; significant rho (p<0.05) in bold.
b5 =98 for Acorn in condition 2; she refused to choose in one trial.
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Table 2 Summary of results

for individual quantity Individual quantity combinations

combinations for each dog in Conditions  1vs. 5 1vs. 4 1vs.3 2vs. 5 1vs.2 2vs. 4 3vs.5 2vs.3 3vs. 4
three conditions of experiment 2
(n =99 for each dog and Marty
condition with one exception?) 1 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.01 0.01 0.11 0.11
2 <0.0005 0.01 <0.0005 <0.0005 0.03 0.11 0.03 0.01 0.11
3 <0.0005 0.01 <0.0005 0.03 0.11 0.03 0.50 <0.0005 0.11
Acorn
1 <0.0005 <0.0005 <0.0005 0.01 <0.0005 <0.0005 0.03 0.01 0.11
2 0.01 0.27 0.11 0.50 0.50 0.11 0.50 0.11 0.38
3 0.11 0.11 0.50 0.50 0.50 0.27 0.11 0.50 0.11

Condition 1: open, condition 2: simultaneous closed, condition 3: successive closed. Numbers in table are
significant values (p<0.05) in bold associated with one-tailed binomial tests.

2n =98 for Acorn in condition 2; she refused to choose in one trial of 3 vs. 4.

Neither Marty nor Acorn showed a side preference in the
1 vs. 1 combination (binomial test, p>0.05 for both dogs
in each condition, n =11 for each dog and condition), and
with one exception (i.e., Marty in condition 2, x> =4.18,
df=1, p=0.041), the dogs’ success choosing the larger
quantity did not differ significantly between the first four
and last four testing sessions (condition 1, Fisher’s exact
test; conditions 2 and 3, Pearson chi-square test; p>0.05
for both dogs in each condition with the one exception [see
above]).

In condition 1, which is most comparable to experiment 1,
the effects of ratio on performance for Marty and Acorn and
the effect of numerical distance on performance for Marty
are similar to what we found for the dogs as a whole in
experiment 1. The finding that Acorn’s performance was
not related to numerical distance in condition 1 may have
resulted from a ceiling effect that masked the distance effect
for her. Such distance effects might become apparent if a
larger range of quantity combinations are used. The results
for individual quantity combinations varied with condition
(Table 2), but neither dog chose the larger quantity in the
3 vs. 4 combination under any condition in experiment 2
(and dogs were unsuccessful at it in experiment 1), further
suggesting a ratio effect.

Control tests

In experiments 1 and 2, we showed that dogs could discrim-
inate based on quantity, but we do not know whether dogs
were basing their decisions on number or some other param-
eter that varies with number such as surface area or volume.
However, we can eliminate two other potentially confound-
ing cues that could have affected the dogs’ decision-making:
(1) olfaction and (2) experimenter effects.

A dog’s sense of smell is extremely sensitive (McCartney
1968; Passe and Walker 1985), serving to enhance social
recognition (Fox 1971; Hepper 1986) and aiding in the iden-

tification and receptivity of potential mates (Beach et al.
1983). To address the possibility that choices were based on
olfaction, we tested Marty and Acorn 10 times on the quantity
combination of 1 vs. 5. The experimental setup was nearly
identical to that of experiment 1 except instead of plates, we
placed hotdog pieces in opaque bowls that were open at the
top and tall enough so that the dogs could not see inside of
the bowls. We hypothesized that if dogs were basing their
choice on smell, they should go to the bowl containing five
pieces in most of the trials. However, Marty chose the bowl
containing five pieces in 50% of trials and Acorn chose the
bowl containing five pieces in 60% of trials (binomial test,
p = 1.000 for both dogs, n = 10 for each dog).

A second alternative explanation for the dog’s perfor-
mance is that the experimenter, despite wearing sunglasses,
somehow inadvertently provided cues that aided subjects in
selecting the larger quantity (i.e., the Clever Hans effect). In
both experiments 1 and 2, a single researcher was responsible
for both baiting the plates and presenting them to the dogs. To
test for the possibility that the experimenter knowing which
plates contained the larger and smaller quantities may have
affected the dogs’ performance, we conducted additional tri-
als with Marty and Acorn. For all trials, an assistant baited
both plates and handed them to the experimenter already
covered. For half the trials (randomly chosen), the assistant
informed the experimenter which plate contained the greater
number of pieces (“informed” trials), and for the remaining
six trials, the experimenter was not informed which plate
contained more (“blind trials’). When the experimenter was
informed, she presented the plates as described in the setup
for experiment 2, condition 1, and in the other half, the exper-
imenter presented the plates from behind an opaque screen
that prevented her from seeing the two quantities until after
the dog chose, precluding inadvertent cueing (the assistant,
in all trials, was not visible to the dog).

We tested Marty and Acorn on the quantity combina-
tions 1 vs. 4, 1 vs. 3, and 3 vs. 5. We presented each com-
bination eight times over two sessions, with 12 trials per
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session. Quantity combinations and screen/no-screen trials
were counterbalanced within each testing session. If the ex-
perimenter inadvertently influenced the subjects’ ability to
choose the larger quantity, then the dogs should have per-
formed better on no-screen trials. They did not. Marty chose
the larger quantity in 92% of trials and Acorn in 83% of trials
(binomial test, Marty: p<0.001; Acorn: p =0.001; n = 24 for
each dog), and their ability to choose the larger quantity was
independent of trial type (binomial test, Marty: p =0.832;
Acorn: p =0.503; n =24 for each dog).

General discussion

Our study had three primary goals. First, we examined the
ability of dogs to discriminate between two quantities that
differed in number and compared their performances to non-
human primates. Pooling across all quantity conditions, dogs
chose the larger quantity of food over the smaller quantity
in all experiments. For all dogs in experiment 1 and Marty
in conditions 1 and 2 (experiment 2), dogs chose the larger
quantity most often when the numerical distance between
quantities was large and ratio between quantities was small.
These results parallel those obtained for orangutans (Call
2000) under testing conditions similar to those in experi-
ments 1 and 2. In condition 1 (experiment 2), Acorn chose
optimally when ratio between quantities and total quantity
compared were small. Lana, the chimpanzee, was more likely
to choose the larger quantity of food under these same two
conditions (Dooley and Gill 1977). Overall, our results in-
dicate that some dogs can perform on par with nonhuman
primates in these particular tasks.

Second, we examined aspects of the mechanism respon-
sible for quantity discrimination. Does the pattern of dis-
crimination conform to an analog (magnitude) model of
quantity representation, or do the results suggest an alter-
native explanation? The detrimental effect on performance
of smaller numerical distances between quantities, larger ra-
tios between quantities, and larger total quantities (i.e., for
Acorn in condition 1) suggests that dogs rely on an approx-
imate mechanism of quantity representation that conforms
to Weber’s law and fits an analog model (Gallistel and Gel-
man 2000). However, correlations between the subject’s per-
formance and numerical distance between quantities, ratio,
and total quantity broke down for Acorn in condition 2 and
for Marty in condition 3. Therefore, these latter results do
not conform to an analog model of representation. Nor do
they resemble the results for orangutans (Call 2000), whose
performance conformed to the predictions of Weber’s law
under all testing conditions, including those comparable to
our conditions 2 and 3. Beran (2004) found a similar break-
down effect with chimpanzees. Chimpanzees chose the larger
quantity when presented with two and three sets of non-
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visible food items. Their decreased performance when sets
were close in number and large in magnitude suggested an
analog model of magnitude representation. However, when
chimpanzees were given the more challenging task of choos-
ing the larger of two sets after the experimenter removed
two or three of the initially presented food items, ratio was
no longer associated with performance, even though one
of the two subjects still chose the larger quantity at levels
above chance. Future work should explore the mechanisms
responsible for outcomes in condition 2 and especially con-
dition 3 (also see the discussion on mental representation
below).

One commonly cited alternative to the analog model of
quantity representation is the object file model (although
there are other models, e.g., Siegler and Opfer 2003). In
this model, performance is not subject to Weber’s Law, but
instead is limited by set size. Mental files are opened, one
for each object in the set. This mechanism is precise, rather
than approximate, representing quantity exactly up to a set
size limit of approximately three or four (Hauser et al. 2000,
Hauser 2003; Feigenson et al. 2002). If dogs were using an
object file model of quantity representation, we would have
expected success at 1 vs. 2 and 2 vs. 3, but this was not
typically the case (see experiment 1 and Table 2).

Our third goal for the study was to examine whether dogs
could form mental representations of quantity, rather than
rely strictly on perceptual cues to choose the larger quan-
tity. In experiment 1 and experiment 2 (condition 1), dogs
were most likely using some perceptual mechanism (Rum-
baugh et al. 1987) to approximate differences in quantities
when both plates of food were visually available at the time
of choice (Fig. 1a). In conditions 2 and 3 (Fig. 1b and c),
the tasks were potentially more difficult because the food
was visually unavailable at the time of choice. As the tasks
became more difficult, individual performances decreased
somewhat; however, both subjects performed above chance
at selecting the larger quantity across all trials in both con-
ditions. In condition 2 (Fig. 1b), Marty visually compared
both quantities and then sometimes focused and held his at-
tention on the plate containing more, so that even after the
experimenter covered both plates, his gaze was fixed on his
final choice. With this strategy, Marty could still choose the
larger quantity using strictly perceptual cues. However, the
successive presentation in condition 3 (Fig. 1¢) made visual
fixation impossible because subjects had to examine each
plate in turn and form some mental representation of quan-
tity, rather than rely solely on perceptual mechanisms (Call
2000) to choose optimally.

A number of studies have examined the ability of dogs to
encode and maintain the spatial location of objects in work-
ing memory using a series of retention intervals. In one such
study, dogs’ working memory for locating hidden objects
was very good up to 30 s and then gradually deteriorated up
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to 240 s, but even at 240 s, the subjects still performed above
chance (Fiset et al. 2003). Other studies show that dogs can
remember the spatial location of auditory information for up
to 120 s (Kowalska 1995, 2000). Although these experiments
examine how memory relates to spatial location rather than
to quantity discrimination, the current study does contain a
spatial component. The dogs in condition 3 (experiment 2)
showed evidence of an ability to encode in memory which of
the two locations contained the plate with more food. Future
studies could examine the effects of increasing delays on the
dog’s performance in two-choice tasks like the ones used in
conditions 2 and 3 (experiment 2).

The current study addressed the potential for dogs to judge
differences in food quantity. The question remains whether
quantification ability in dogs is context-specific or a more
general mechanism — i.e., does the ability to quantify in a
foraging context transfer to quantities in a social or territo-
rial context? Research in this area is sparse. However, some
experimental work suggests the existence of cross-modal
transfer in quantification. For example, both human infants
and rhesus monkeys (Macaca mulatta) were able to match
the number of vocalizations they heard (i.e., auditory task)
with the corresponding number of adult humans or mon-
keys (i.e., visual task) in 2 vs. 3 comparisons (Jordon et al.
2005; Jordan and Brannon 2006b). Likewise, adult humans
approximated the difference between large sets of elements
presented successively when one array consisted of dots on
a screen and a second array consisted of auditory sequences,
and their ability to discriminate decreased as the ratio be-
tween the two comparisons increased (Barth et al. 2006).

We demonstrated that domestic dogs can perform simi-
larly to apes when required to judge relative quantities of
food. Our study focused on what domestic dogs can do in
general (experiment 1) and what two “high performing” dogs
can do given increasingly demanding tasks (experiment 2),
rather than on the potential for differences in quantification
abilities among breeds. Dogs have descended from group-
living wolves (Vila et al. 1999), but we have since modified
form and function to meet our requirements. The American
Kennel Club classifies purebred dogs into seven breed groups
based on intended function (AKC 1992). The 10 purebred
dogs in this study represented only three out of the seven
breed groups (one working group dog, three herding dogs,
and six sporting group dogs). Systematic investigation of
breed differences in quantity judgment tasks could reveal
relationships between specific cognitive abilities and “eco-
logical niche” (i.e., the jobs the dogs were bred for) within
species, as previously demonstrated in comparisons across
species (Gould-Beierle 2000; Brodin 2005). For example,
some herding dogs bred to keep track of livestock might nat-
urally be more attentive to quantity differences than breeds
bred primarily for chasing game or human companionship.

Acknowledgments This study was supported by the University of
Michigan’s Rackham Graduate School. We wish to thank all of the
owners and their dogs for their participation in the study. Thanks to
Kathy Welch at the University of Michigan for her statistical input.
These experiments comply with the current laws of the United States
and the standards established by the University of Michigan’s Commit-
tee on Use and Care of Animals (project approval no. 8792).

References

American Kennel Club (1992) The complete dog book, 18th edn. How-
ell Book House, New York

Bart H, La Mont K, Kipton J, Dehaene S, Kanwisher N, Spelke E (2006)
Non-symbolic arithmetic in adults and young children. Cognition
98:199-222

Beach FA, Beuhler MG, Dunbar I (1983) Development of attraction to
estrous females in male dogs. Physiol Behav 31:293-297

Beran MJ (2001) Summation and numerousness judgments of sequen-
tially presented sets of items by chimpanzees (Pan troglodytes). J
Comp Psychol 115:181-191

Beran MJ (2004) Chimpanzees (Pan troglodytes) respond to nonvisi-
ble sets after one-by-one addition and removal of items. J] Comp
Psychol 118:25-36

Boysen ST, Berntson GG (1995) Responses to quantity: perceptual
versus cognitive mechanisms in chimpanzees (Pan troglodytes). J
Exp Psychol Anim Behav Process 21:82-86

Brodin A (2005) Mechanisms of cache retrieval in long-term hoarding
birds. J Ethol 23:77-83

Call J (2000) Estimating and operating on discrete quantities in
orangutans (Pongo pygmaeus). ] Comp Psychol 114:136-147

Cordes S, Gelman R, Gallistel CR, Whalen J (2001) Variability signa-
tures distinguish verbal from non-verbal counting for both large
and small number. Psychon Bull Rev 8:698-707

Davis H (1984) Determination of the number three by a raccoon (Pro-
cyon lotor). Anim Learn Behav 12:409-413

Dehaene S (1997) The number sense. Oxford University Press, Oxford

Dehaene S, Dehaene-Lambertz G, Cohen L (1998) Abstract represen-
tations of number in the animal and human brain. Trends Neurosci
21:355-361

Diggle PJ, Liang K, Zeger SL (1994) Analysis of longitudinal data.
Oxford University Press, Oxford

Dooley GB, Gill T (1977) Acquisition and use of mathematical skills
by a linguistic chimpanzee. In: Rumbaugh DM (ed) Language
learning by a chimpanzee. Academic Press, New York, pp 247-
260

Feigenson L, Carey S, Hauser M (2002) The representations underlying
infants’ choice of more: object files versus analog magnitudes.
Psychol Sci 13:150-156

Fiset S, Beaulieu C, Landry F (2003) Duration of dogs’ (Canis famil-
iaris) working memory in search for disappearing objects. Anim
Cogn 6:1-10

Fox MW (1971) Behaviour of wolves, dogs and related canids. Harper
and Row, NY

Gallistel CR, Gelman R (2000) Non-verbal numerical cognition: from
reals to integers. Trends Cogn Sci 4:59-65

Gould-Beierle K (2000) A comparison of four corvid species in a
working and reference memory task using a radial maze. J Comp
Psychol 114:347-356

Hardin JW, Hilbe JM (2002) Generalized estimating equations. Chap-
man & Hall, Boca Raton, FL

Hare B, Brown M, Williamson C, Tomasello M (2002) The domestica-
tion of social cognition in dogs. Science 298:1634-1636

a Springer



80

Anim Cogn (2007) 10:71-80

Harrington FH, Mech LB (1979) Wolf howling and its role in territory
maintenance. Behaviour 68:207-249

Hauser MD (2003) Primate cognition. In: Gallagher M, Nelson RJ (eds)
Comprehensive handbook of psychology: biological psychology.
Wiley, New York, pp 561-594

Hauser MD, MacNeilage P, Hauser LB (2000) Spontaneous number
representation in semi-free ranging rhesus monkeys. Proc R Soc
Lond B Biol Sci 267:829-833

Hepper PG (1986) Sibling recognition in the domestic dog. Anim Behav
34:288-289

Huntley-Fenner G, Cannon E (2000) Preschoolers’ magnitude compar-
isons are mediated by a preverbal analog mechanism. Psychol Sci
11:147-152

Jordan KE, Brannon EM, Logothetis NK, Ghazanfar AA (2005) Mon-
keys match the number of voices they hear to the number of faces
they see. Curr Biol 15:1034-1038

Jordan KE, Brannon EM (2006a) Weber’s Law influences numerical
representations in rhesus macaques (Macaca mulatta). Anim Cogn
9:159-172

Jordan KE, Brannon EM (2006b) The multisensory representation of
number in infancy. Proc Natl Acad Sci U S A 103:3486-3489

Kilian A, Yaman S, von Fersen L, Gunturkun O (2003) A bottlenose
dolphin discriminates visual stimuli differing in numerosity. Learn
Behav 31:133-142

Kitchen DM (2004) Alpha male black howler monkey responses to
loud calls: effect of numeric odds, male companion behaviour and
reproductive investment. Anim Behav 67:125-139

Kowalska DM (1995) Effects of hippocampal lesions on spatial delayed
responses in dog. Hippocampus 5:363-370

Kowalska DM (2000) Cognitive functions of the temporal lobe in
the dog: a review. Prog Neuropsychopharmacol Biol Psychiatry
24:855-880

Lewis KP, Jaffe S, Brannon EB (2005) Analog number representations
in mongoose lemurs (Eulemur mongoz): evidence from a search
task. Anim Cogn 8:247-252

Lyon BE (2003) Egg recognition and counting reduce costs of avian
conspecific brood parasitism. Nature 422:495-499

Macdonald DW, Carr GM (1995) Variation in dog society: between
resource dispersion and social flux. In: Serpell J (ed) The do-
mestic dog: its evolution, behaviour, and interactions with people.
Cambridge University Press, Cambridge, pp 199-216

a Springer

McCartney W (1968) Olfaction and odours. Springer-Verlag, Berlin

McComb K, Packer C, Pusey A (1994) Roaring and numerical assess-
ment in contests between groups of female lions, Panthera leo.
Anim Behav 47:379-387

Meck WH, Church RM (1983) A mode control model of counting and
timing processes. J Exp Psychol Anim Behav Process 9:320-334

Meier TJ, Burch JW, Mech LD, Adams LG (1995) Pack structure,
dynamics and genetic relatedness among wolf packs in a naturally
regulated population. In: Carbyn LN, Fritts SH, Seip DSR (eds)
Ecology and conservation of wolves in a changing world. Canadian
Circumpolar Institute, Edmonton, Alberta, pp 293-302

Moyer RS, Landauer TK (1967) Time required for judgments of nu-
merical inequality. Nature 215:1519-1520

Passe DH, Walker JC (1985) Odor psychophysics in vertebrates. Neu-
rosci Biobehav Rev 9:431-467

Pepperberg IM (1987) Evidence for conceptual quantitative abilities in
the African grey parrot: labeling of cardinal sets. Ethology 75:37—
61

Rumbaugh DM, Savage-Rumbaugh S, Hegel MT (1987) Summation
in the chimpanzee (Pan troglodytes). J Exp Psychol Anim Behav
Process 13:107-115

Shumaker RW, Palkovich AM, Beck BB, Guagnano GA, Morowitz
H (2001) Spontaneous use of magnitude discrimination and or-
dination by the orangutan (Pongo pygmaeus). J Comp Psychol
115:385-391

Siegler RS, Opfer JE (2003) The development of numerical estima-
tion: evidence for multiple representations of numerical quantity.
Psychol Sci 14:237-243

Smith DW, Ferguson G (2005) Decade of the wolf: returning the wild
to Yellowstone. The Lyons Press, Guilford, CT

Stephens D, Krebs JR (1986). Foraging theory. Princeton University
Press, Princeton, NJ

Vila C, Maldonado JE, Wayne RK (1999) Phylogenetic relationships,
evolution, and genetic diversity of the domestic dog. J Hered
90:71-77

West RE, Young RJ (2002) Do domestic dogs show any evidence of
being able to count? Anim Cogn 5:183-186

Wilson ML, Hauser MD, Wrangham RW (2001) Does participation in
intergroup conflict depend on numerical assessment, range loca-
tion, or rank for wild chimpanzees? Anim Behav 61:1203-1216




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


